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你不會想錯過!! 

1.劉廣定教授 2007年 9月份「永續化學概論」授課內容全公開。 

(1)觀念與實例   (2)原則解說   (3)解決問題舉隅  (4)觸媒反應     
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(5)無溶劑反應   (6)水中反應   (7)微波反應      (8)續生性生質化學品  

意者請電郵 ktliu@ntu.edu.tw。 

2.本期內容「Pfizer建議使用以及避免使用之有機溶劑清單」~ p.5 
避免使用之有機溶劑其替代溶劑見 Green Chem., 2008, 10, 31-36. 

3.如何降低離子液體之毒性 ? ~ p.7-8
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Research breakthroughs

(From http://www.chemsoc.org/networks/gcn/current.htm) 

Keeping dry without fluorine 
Water and soil repellency are 
important surface properties for 
fibres and fabrics.  For many years 
we have used fluorinated coating to 
achieve these effects but concerns 
over the safety of some fluorinated 
compounds in the environment, 
including their persistence, has m
this approach less popular.  Nature
has developed its own 
super-repellent surfaces on lotus 
leaves ― this combines surface 
chemical structures and surface physics to achieve this.  In a recent article from Clemson 
University in South Carolina, a new ultra-resistant textile surface has been developed without 
using fluorine.  They mimic nature by combining a hydrophobic polymer coating with 
nanoparticles of silica.   

ade 
 

K. Ramaratnam et al., Chem. Commun., 2007, 4510-4512. 

 

Lignin ― Nature’s primary source of aromatics 
Many of the chemical products in modern society are aromatic including personal care 
product constituents, additives in furnish and fabrics, and the engineering advanced materials 
used in modern aircraft.  Almost without exception, these are derived from petroleum and we 
need to find alternatives based on renewable resources.  The largest volume natural aromatic 
product is lignin and nature turns this over in enormous quantities every day ― more than we 
could ever use.  To add to its attractiveness, we produce huge volumes of lignin as a 
by-product in the paper and pulp industry and as cellulosic ethanol grows in volume, so will 
lignin by-product.  Unfortunately, we have been quite inept at converting lignin into anything 
more sophisticated than energy (by burning): we need to be cleverer in exploring nature’s 
most bountiful aromatic species.  Two recent publications form Sweden and Portugal has 
disclosed significant developments. 

 

Coating paper naturally 

http://www.chemsoc.org/networks/gcn/current.htm


 

 
 

3 

In an article from the Royal Institute of Technology in Stockholm, the fundamental problem of 
working with polymeric lignin has been overcome through the use of a technique known as 
nanofiltration, to separate the black lignin-rich 
liquor produced in the Kraft process.  The smaller 
lignin-like units are more amenable to chemical 
transformations.  The authors demonstrate this by 
reacting with a vegetable oil to produce an entirely 
sustainable product that has promising properties in 
paper coating due to its ability to interact well with 
wood fibres and to make paper water-resistant. 
S. Antonsson et al., Ind. Corps. Prod., 2008, 27, 
98-103. 

 

Bioprocessing + bioresources = bioproducts 
In an article from the National Institute 
of Engineering and Industrial 
Innovation in Lisbon, a number of 
products made from lignin and using 
enzymes, are described.  The authors 
argue that what they refer to as 
“environmentally friendly 
enzyme-based products” provide very 
promising methods for upgrading 
industrial (low value) lignins.  Some 
of the bioproducts available by this methodology are chelating agents, coatings and paints.  
The authors suggest that much large scale production of enzymes is necessary if we are to 
progress these methodologies to large-scale commercial processes. 
G. Sena-Martins et al., Ind. Corps. Prod., 2008, 27, 189-195. 
 

A greener shade of black 
Twenty-five percent of the pigments used in the 
ceramic industry are black and these are generally 
derived from iron-cobalt-chromite and 
chromite-iron-nickel minerals.  Other industrial 
pigments are based on other materials including 
manganese.  Rather than use virgin raw materials, it 
would be environmentally (and economically) 
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advantageous to make use of the large volumes of industrial waste that contain metals, for 
example metal-rich sludges from galvanizing and surface coating.  In a recent multinational 
study, it has been shown that black ceramic pigments can be prepared from chromium/nickel 
rich sludge from metal plating and steel wire galvanizing.  The colors are comparable to 
traditional commercial products.  The advantages are multiple ― use of a waste that 
otherwise requires disposal and reducing use of minerals are the most obvious.   
G. Costa et al., Dyes Pigment., 2008, 77, 137-144. 

 

A green shade of red 
In a related discovery, an Indian group of researchers have developed novel inorganic red 
pigments suitable for coloring plastics.  Classical red pigments can be toxic and unstable at 
high temperatures.  The use of rare earth metal oxides should reduce any toxicity and the 
new report describes a ceramic-based example of this.   
L. Sandhya Kumari et al., Dyes Pigment., 2008, 77, 427-431. 

 

Preserving food ― with food waste 
Chitosan is a polymer easily made from chitin, largely prepared 
from shellfish waste and representing one of the largest renewable 
sources of carbon on the planet.  Chitosan has many interesting 
properties, however these are rarely sufficient to attract large-scale 
use.  Chitosan is chemically reactive, and as shown in a recent 
article from a group in Mumbi can react with glucose to from a 
new material.  This material shows some properties including 
antioxidant activity that are greater than the sum of its parts.  It 
also has good antimicrobial activity comparable to chitosan.  
Together it appears to be superior to chitosan as a food 
preservative.    
S. R. Kanatt et al., Food Chem., 2008, 106, 521-528. 

 

Making sunscreens safe 
The use of titania nanoparticles in sunscreen was 
hailed as one of the most “visible” and everyday 
examples of the benefits of nanoscience to society.  
However, there are concerns that by generating 
electrons (a property the chemicals is also famous for 
doing in photovoltaic cells) it can create species that 
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can damage DNA.  A group in New York have shown that the particles can be made safer by 
coating them with a thin layer of polymer.  Whether the nanoparticles cab penetrate the skin 
surface and then go deep into the cells remains unknown.   
W. A. Lee et al., Chem Commun., 2007, 4815-4817. 

 

Green leather tanning 
Conventional methods of pre-tanning, tanning and 
post-tanning leather are very polluting through the 
discharge of enormous amounts of waster liquors (ca. 30 
L/kg leather), which contains salts, chromates and other 
species.  Toxic gasses can also be produced during the 
process.  Generally, it is believed that the conventional 
tanning methods are unacceptably complex, resource 
demanding, hazardous and wasteful.  A group at the 
Central Leather Research Institute in India has published 
an article describing a “rationalized” process which 
involves salt-free curing and is lime and sulfide-free.  
change in process, while the chemicals discharge is reduced by about three quarters, and t
chemical oxygen demand (COD) and biochemical oxygen demand (BOD) are substantially 
decreased.  There are also savings in water and energy production. 
S. Saravanabhavan e

The final leather is unaffected by the 
he 

t al., J. Chem. Technol. Biotechnol., 2007, 82, 971-984. 

Green chemistry tools to influence a medicinal chemistry 

Influencing and improving the 
 

al 

two of 

 Chem., 2008, 10, 31-36. 

 

and research chemistry based organization 

environmental performance of a
large multi-national pharmaceutic
company can be achieved with the 
help of electronic education tools, 
backed up by site champions and 
strong site teams. This paper 
describes the development of 
those education tools. 
K. Alfonsi et al., Green
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What is a green solvent ?  a comprehensive framework 
for the environmental assessment of solvents 

 the use of solvents in chemical production.  Here 
easure how “green” a solvent is.  We propose a 

 

 
ent of 

ent of 

iology can transform 
biofuel production 

is predicted to peak soon, it is reasonable to assume that 
ces can continue to meet society’s increasing energy demands 

Solvents define a major part of 
the environmental performance 
of processes in chemical 
industry and also impact on cost, 
safety and health issues.  The 
idea of “green” solvents 
expresses the goal to minimize 
the environmental impact resulting from
the question is raised of how to m
comprehensive framework for the environmental assessment of solvents that covers major 
aspects of the environmental performance of solvents in chemical production, as well as 
important health and safety issues.  The framework combines the assessment of 
substance-specific hazards with the quantification of emissions and resource use over the full 
life-cycle of a solvent.  The proposed framework is demonstrated on 26 organic solvents. 
Results show that simple alcohols (methanol, ethanol) or alkanes (heptane, hexane) are 
environmentally preferable solvents, whereas the use of dioxane, acetonitrile, acids, 
formaldehyde, and tetrahydrofuran is not recommendable from an environmental perspective. 
Additionally, a case study is presented in which the framework is applied for the assessm
various alcohol–water or pure alcohol mixtures used for solvolysis of p-methoxybenzoyl 
chloride.  The results of this case study indicate that methanol–water or ethanol–water 
mixtures are environmentally favourable compared to pure alcohol or propanol–water 
mixtures.  The two applications demonstrate that the presented framework is a useful 
instrument to select green solvents or environmentally sound solvent mixtures for processes in 
chemical industry.  The same framework can also be used for a comprehensive assessm
new solvent technologies as soon as the present lack of data can be overcome. 
C. Capello et al., Green Chem., 2007, 9, 927-934. 

Defossiling fuel: how synthetic b

Although crude oil production 
unconventional fossil fuel sour
for many decades to come.  The real challenge is sustainability: stabilizing and reversing 
global climate change, minimizing political and economic energy volatility, and smoothing the 
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transition from fossil fuels in the distant future.  In response to 
this challenge, many are looking to biotechnology to develop 
biofuels, such as ethanol, butanol, biodiesel, and hydrogen (
in which the energy ultimately derives from photosynthetic 
capture of sunlight.  A fundamental issue with biofuels is 
efficiency.  The pathway from sunlight through natural 
intermediates to final molecule is long, and biofuel productio
perhaps the ultimate metabolic engineering problem.  This 
challenge is made even greater by its inherent systems complexity
because any solution must be implemented in the context of an
energy infrastructure with challenging engineering, economic, 
political, and environmental realities. 
D. F. Savage et al. ACS Chem. Biol., 2008, 3, 13-16. 

H2), 

n is 

, 
 

 resources: New 
important derivatives of glycerol 

centuries, its commercial relevance 
he last 

 

c esters and oligomers to new products like glycerol carbonate, 
s, propanediols and epoxides.  In particular, the novel 
erous addition, reduction and oxidation reactions via 

 biocatalysis will be presented.  A benchmark will be given 

ps and functionalized side 
chains on the aquatic toxicity of ionic liquids 

Improved utilisation of renewable

Although glycerol has been a 
well-known renewable chemical for 

has increased considerably in t
few years because of its rising 
inevitable formation as a by-product
of biodiesel production.  The 
present review gives a broad 
overview on the chemistry of 
glycerol starting from the classi
telomers, branched alkyl ether
possibilities to control the num
heterogeneous, homogeneous and
to determine the products which will have the best chances of entering the market and which 
processes are currently most developed. 
A. Behr et al., Green Chem., 2008, 10, 13-30. 

Effects of different head grou
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In this study, the influence of different head 
groups, functionalised side chains and 
anions of ionic liquids on the marine 
bacteria Vibrio fischeri, the limnic green 

ted.  
prove 

ign 

lysed set of about 40 ionic liquids confirmed the 
erived from gradient HPLC—and (eco)toxicity.  
rganisms (partially by six to seven orders of 

 side chains were used instead of non-polar alkyl chains.  

: 

gas, provide 85% of the 
 the 

 

CO2 
e 
.  The high energy content of liquid hydrocarbon fuels makes them the 

or all modes of transportation.  In the U.S. alone, transportation 
 barrels of oil per day and generates > 0.5 gigatons of carbon per year. 

algae Scenedesmus vacuolatus and the fresh 
water plant Lemna minor was investiga
The aim of these experiments is to im
the knowledge base for the molecular des
of ionic liquids leading to a reduced 
(eco)toxicological hazard potential.  The ana
interdependency between lipophilicity—as d
The toxicity was clearly reduced for the test o
magnitude) when short functionalised
Furthermore, we could demonstrate strong interactions of hydrophobic ionic liquid cations 
with two different types of common biological lipid bilayers, indicating that the membrane 
system of organisms is probably a primary target site of toxic action.  These systematic 
studies are addressed to producers, developers and downstream users of ionic liquids in 
different fields of application, to facilitate the selection of (eco)toxicologically favorable 
structural elements and thus to contribute to the design of inherently safer ionic liquids. 
S. Stolte et al., Green Chem., 2007, 9, 1170-1179. 

Addressing the need for alternative transportation fuels
the Joint BioEnergy Institute 

Today, carbon-rich 
fossil fuels, primarily 
oil, coal, and natural 

energy consumed in
U.S.  As world 
demand increases, oil
reserves may become 
rapidly depleted. Fossil 
fuel use increases 
emissions and raises th
risk of global warming
preferred energy source f
consumes ~13.8 million
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This release of greenhouse gases has spurred research into alternative, nonfossil energy 
sources.  Among the options (nuclear, concentrated solar thermal, geothermal, hydroelectric
wind, solar, and biomass), only biomass has the potential to provide a high-energy-content 
transportation fuel.  Biomass is a renewable resource that can be converted into 
carbon-neutral transporation fuels. 
D. F. Savage et al. ACS Chem. Biol., 2008, 3, 17-20. 

, 

kets 

The National Consumer Council (NCC) of UK have recently published a report entitled 
pping easier”……The top 8 

food retailers in the UK were surveyed on a range of consumer-focused environmental 
 To 

NCC report on greener supermar

“Green Grocers – how supermarkets can help make green sho

indicators to ascertain what is already being done and what could be improved in future. 
view this report visit http://www.ncc.org.uk/nccpdf/misc/greening2007.pdf

It's not easy being green 

Those of us who, mindful of 
t 

chicken on the buffet table and select a 
ad, may 

 
n 

 

, 7, 571. 

1. Green and Sustainable Conference for Developing Countries Cairo, Egypt, March 3-6, 

microbiological hazards, look askance a

supposedly healthy salad inste
need to adjust our perspective. For 
although recent improvements in animal
husbandry have helped to stem and eve
reverse rising tides of salmonella, 
campylobacter, and toxigenic Escherichia
coli infections in many countries, fresh 
fruit and vegetables are attracting 
increasing attention as vehicles of 
foodborne diseases. 
B. Dixon, Lancet Infect. Dis., 2007

Conference information 

2008 http://chem05.cu.edu.eg/ 

http://www.ncc.org.uk/nccpdf/misc/greening2007.pdf
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2. 1st International Conference on Sustainable 
Pharmacy Osnabruck, Germany, April 24-25, 2008 

lhttp://www.dbu.de/550artikel27309_788.htm  
3. 

 Haven, 

2nd International Symposium on Green 
Processing in the Pharmaceutical and Fine 
Chemical Industries Yale University, New
CT, May 29-30, 2008 

https://www.guidinggreen.com/Pharm_FineChem.
html 
The 12th Annual Green Chemistry & Engineering 
Confe

4. 
rence Washington, DC, June 24-26, 2008 

http://www.gcande.org/ 
Gordon Research Conference on Green Chemist
College, Lewiston, ME, August 3-8, 2008

5. ry Bates 
 

http://www.grc.org/programs.aspx?year=2008&program=
green 
2nd International IUPAC Conference on Green Chemistry 

Mosco
6. 

w, Russia, September 14-20, 2008 

http://www.icgc2008.ru/ 
7th Green Chemistry Conference Barcelon
November 12-13, 2008 

7. a, Spain, 

http://www.iuct.net/chem/7/index.html 

http://www.dbu.de/550artikel27309_788.html
http://www.dbu.de/550artikel27309_788.html
http://www.dbu.de/550artikel27309_788.html
https://www.guidinggreen.com/Pharm_FineChem.html
https://www.guidinggreen.com/Pharm_FineChem.html
http://www.gcande.org/
http://www.grc.org/programs.aspx?year=2008&program=green
http://www.grc.org/programs.aspx?year=2008&program=green
http://www.icgc2008.ru/
http://www.iuct.net/chem/7/index.html
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2 Research breakthroughs 

本節訊息摘錄自 Green Chemistry News Issue 30.  
From http://www.rsc.org/chemsoc/gcn/pdf/Newsletter30.pdf  

Putting nano into paints – the green way 
Nanoparticles are attracting a lot of interest as providing highly active and 

efficient sources of various, typically metal, additives for many consumer products.  

One of the concerns about this is that the current methods of producing 

nanoparticles of a metal such as silver are onerous and wasteful.  Silver can be 

highly antimicrobial and can be used to stabilize various products against bacteria; 

its compounds have quite low human toxicity, good stability to heat and are not 

volatile although they are quite expensive.  Using nanoparticulate silver should 

make it more efficient (higher particle surface area) and require smaller quantities.  

In a recent publication from groups in New York, an environmentally friendly 

chemistry approach to make paint doped with nano-silver is described.  The 

approach took advantage of the natural drying process of the vegetable oil based 

binder in paint to both produce the silver nanoparticles (by reduction using free 

radicals) and disperse them in the paint.  The resulting modified paints can be 

directly applied to various types of materials (wood, glass, steel, etc) as a strong 

biocidal coating.   

Kumar et al., Nat. Mater., 2008, 7, 236 – 241. 

 

The preparation of nanoparticles using green chemistry principles rather than the 

traditional resource intensive, wasteful and often hazardous processes, is also the 

subject of other, more fundamental research work such as that recently reported by 

a group of researchers based in France.  Their article describes the preparation of 

silver nanoparticles in water. 

G. Zhang et al., Chem. Mater., 2007, 19, 5821 – 5823. 

 



 

3 Green chemistry for greener dyes 
Dyes represent some of the greatest 

challenges for green chemistry.  

Many are derived from increasingly 

scare petroleum resources and may 

present serious problems at 

end-of-life, when typically 

contaminated waste streams need 

extensive treatment to make them 

safe and environmentally 

compatible.  In many cases, 

however, the most troublesome step in the product lifecycle is the manufacturing, 

which can itself lead to large quantities of hazardous waste as well as being 

resource intensive. 

In a joint publication from Bulgaria and Spain, a new greener route to styryl dyes 

described.  These types of dyes are widely used in the photographic industry.  

By avoiding the use of solvents as process auxiliaries and by using 

energy-efficient microwave heating, both resource consumption and process 

wastes are reduced. 

A. Vasilev et al., Dyes Pigment., 2008, 77, 550 – 555. 

 

Using peanut shells to capture waste metal 
While the “food vs. fuel vs. 

feed” debate rages over the use 

of primary agricultural land and 

of food-quality products, we can 

avoid the controversy by using 

the agricultural food products 

that currently have little value.  

We have previously looked at 

crab shell-derived chitin and 

cashew nut-derived aromatic chemicals, in a recent article from Turkey, peanut 

shells are used to remove copper from wastewater.  Copper is widely used in 

many industries including the manufacture of fertilizers, in paper mills and in 



 

4 metal planting; the copper-rich waste streams from such activities are harmful to 

marine systems.  Peanut shells are naturally ionic and this property can be 

exploited to capture metal ions such as copper ions, although the process only 

works best under mildly acidic conditions. 

H. Duygu Ozsoy et al., Int. J. Enviorn. Pollut., 2007, 31, 125 – 134. 

 

Self-cleaning fibers 
The use of simple photo-catalysts 

that use sunlight to provide energy 

to clean various surfaces such as 

pavements and buildings is one of 

the areas likely to benefit from 

nanotechnology – if we can get 

the processing right and if we can 

make final material stable enough.  

In an interesting article from 

groups in Australia and Hong 

Kong, this method is applied to fibers such as wool.  Keratin, a class of biological 

fibers proteins, can be chemically modified to enable it to bind anatase (titanium 

oxide) nanocrystals.  This means that self-cleaning fibrous proteins such as wool 

can be produced by a relatively simple process. 

W.A. Daoud et al., Chem. Mater., 2008, 20, 1242 – 1244. 

 

Sustainable deodorants 
Greening personal care products is becoming a popular goal for many cosmetic 

companies, retailers and producers (see recent issue of Cosmetics and Toiletries, 

March 2008).  These products invariable contain several different chemical 

substances, each providing a function such as binding, stabilization, and odor as 

well as more specific functions particular to the product type.  Many of these 

chemical substances are petroleum derived and can involve substantial processing 

with associated resource consumption and process wastes.  Deodorants 

commonly contain petroleum-derived glycols as but it has recently been proven 

that bio-derived propanediol, now being produced in large quantities for making 

new biopolymers, can be an effective alternative.  The company Terra Naturals is 



 

5 using this as part of it policy to “green” cosmetics. 

A. Pichon, Biofuels, Bioprod. Bioref., 2007, 1, 240. 

 

Detecting carbon dioxide 
While so much public attention is focused 

on the danger of uncontrolled increases in 

the quantities of carbon dioxide in the 

atmosphere, we should also remember 

that carbon dioxide can be a valuable gas, 

for example, to enable accelerate food 

growth, to prolong the shelf life of fresh 

food, and, in its supercritical form, to 

decaffeinate coffee and produce the flavor 

for beers.  In all cases, the detection and measurement of the gas is important – in 

greenhouses and workplaces as well as in natural environments.  New carbon 

dioxide sensors with simple optical read-outs and with the flexibility to respond to 

a wide range of concentrations are needed.  In a recent article from groups in 

Austria and Germany, a new carbon dioxide sensor is described which has 

adjustable sensitivity and good stability although not to photodegradation.  The 

sensor is based on non-volatile ionic liquid solvents, which have been widely 

studied as greener alternatives to traditional volatile solvents. 

S.M. Borisov et al., Chem. Mater., 2007, 19, 6187 – 6194. 

 

Catalysts with ionic tag and their use in ionic liquids 

The concept of homogeneous supported catalysts has emerged as a useful 

alternative to homogeneous as well as heterogeneous catalysis, possibly 

combining positive aspects of both.  Designing catalysts with respect to not only 

their catalytic activity but also their physical-chemical properties, appears to be a 

possible way towards sustainable chemical synthesis.  Such tailored catalytic 

systems would ideally have high catalytic activities and some property enabling 

their efficient recycling.  We reviewed the field of specifically designed ionic 

catalysts used mostly in ionic liquids.  

R. Šebesta et al., Green Chem., 2008, 10, 484 – 496. 

 



 

6 Recent applications of biocatalysis in developing 
green chemistry for chemical synthesis at the 
industrial scale 

Application of the twelve 

principles of green 

chemistry can deliver 

higher efficiency and 

reduce the environmental 

burden during chemical 

synthesis.  As a result of 

recent advances in 

genomics, proteomics and pathway engineering, biocatalysis is emerging as one of the 

greenest technologies.  Enzymes are highly efficient with excellent regioselectivity 

and stereoselectivity.  By conducting reactions in water under ambient reaction 

conditions, both the use of organic solvents and energy input are minimized.  

N. Ran et al., Green Chem., 2008, 10, 361 – 372. 

 

Biodiesel: A green polymerization solvent 

In an effort to use clean technologies, fatty acid methyl esters (FAME) produced 

from canola have been used as a polymerization solvent. Solution polymerizations 

of four commercially important monomers 

have been studied using FAME as a 

solvent.  A series of methyl methacrylate 

(MMA), styrene (Sty), butyl acrylate (BA) 

and vinyl acetate (VAc) 

homopolymerizations in FAME were 

carried out at 60°C at different solvent 

concentrations.  Chain transfer to solvent 

rate constants were obtained using the Mayo method.  The transfer constants 

increased in the order: MMA < Sty < BA < VAc. Under the conditions studied, the 

MMA solution polymerization in FAME was observed to behave as a precipitation 

polymerization.  The estimated chain transfer to solvent rate constants were 

employed in a polymerization simulator to predict the polymerization rates and 



 

7 average molecular weights.  

S. Salehpour et al., Green Chem., 2008, 10, 321 – 326. 

 

Green chemistry for large-scale synthesis of 
semiconductor quantum dots 

Large-scale synthesis of semiconductor 

nanocrystals or quantum dots (QDs) with high 

concentration and high yield through 

simultaneously increasing the precursor 

concentration was introduced.  This synthetic 

route conducted in diesel has produced 

gram-scale CdSe semiconductor quantum dots 

(In optimal scale-up synthetic condition, the 

one-pot yield of QDs is up to 9.6 g).  The 

reaction has been conducted in open air and at 

relatively low temperature at 190−230°C in the 

absence of expensive organic phosphine ligands, 

aliphatic amine and octadecene, which is really 

green chemistry without high energy cost for 

high temperature reaction and unessential toxic 

chemicals except for Cd, which is the essential building block for QDs. 

J.-H. Liu et al., Langmuir, 2008, 24, 5241 – 5244.  
 

Synthesis and mechanism of particle- and 
flower-shaped ZnSe nanocrystals: Green chemical 
approaches toward green nanoproducts 

A nontoxic, simple, cheap, and reproducible strategy, which meets the standard of 

green chemistry, is introduced for the synthesis of ZnSe nanoparticles and 

nanoflowers.  The production of these green nanomaterials can be readily scaled 

up and performed directly at ambient condition without affecting their qualities.  

The experimental results show that the as-synthesized ZnSe nanoparticles and 

nanoflowers with a zinc blende structure have a narrow size distribution without 



 

8 resorting to any postsynthetic size-selective procedure.  A systematic study of the 

nanocrystal formation process indicates the following properties.  (i) The amount 

of precursors plays a greater role in the determination of the nanoparticle size than 

other reaction parameters.  Variation of this parameter allows us to tune the 

nanoparticle size in the high-temperature annealing process.  This tunability is 

interpreted well by the growth kinetics.  (ii) The limited ligand protection 

mechanism cannot be employed to explain the formation of our nanoflowers.  

Instead, a new growth mechanism is proposed.  Upon heating at high temperature, 

a mononuclear Zn complex converts to a polynuclear Zn complex with multiple 

Zn atoms. Each Zn atom grows into one ZnSe nanoparticle after the injection of 

Se solution.  These nanoparticles closely connect and thus look like nanoflowers. 

Q. Dai et al., J. Phys. Chem. C, 2008, 112, 7567 – 7571. 

 

Green synthesis applicable for industrial-scale 
preparation of efaproxiral sodium 

In this article we proposed a novel procedure for the synthesis of efaproxiral 

sodium, including two reaction steps, condensation, and O-alkylation.  In the 

condensation step, a convenient method was adopted to eliminate the use of 

solvents, i.e., 4-hydroxyphenylacetic acid and 3,5-dimethylaniline were heated at 

150-180°C for 3-5 h, and the reaction was successfully carried out.  The yield of 

anilide in 4-hydroxyphenylacetic acid was 90-93%.  In the O-alkylation step, the 

old circuitous process was avoided, and high-quality sodium salt was directly 

obtained with a yield of 90%.  The final product of efaproxiral sodium was 

crystallized in water, yielding a new crystalline form containing a unique X-ray 

powder diffraction pattern with only one peak of 3.7° ± 0.2° in 2θ.  The quality of 

the final product is high with a content of 99.51% according to high-performance 

liquid chromatographic detection.  The present study provided a new 

environmentally friendly procedure for the preparation of efaproxiral sodium with 

high yield, low cost, and a short reaction pathway.  

H. Shi et al., Ind. Eng. Chem. Res., 2008, 47, 2861 – 2866. 

 



 

9 Lysozyme-dextran core-shell nanogels prepared via 
a green process  

A novel method has been developed for preparing nanogels with a lysozyme core 

and dextran shell.  The method involves the Maillard dry-heat process and 

heat-gelation process.  First, lysozyme-dextran conjugates were produced 

through the Maillard reaction. Then, the conjugate solution was heated above the 

denaturation temperature of lysozyme to produce nanogels.  The nanogels are of 

spherical shape having a hydrodynamic diameter of about 200 nm and swelling 

ratio of about 30.  The nanogel solutions are stable against long-term storage as 

well as changes in pH and ionic strength.  Ibuprofen has been used as a drug 

model to study the electrostatic and hydrophobic interactions with these nanogels 

at different pH values.  The study reveals that the nanogels are more suitable for 

loading protonated ibuprofen.  We have verified that the knowledge of the 

formation mechanism of lysozyme-dextran nanogels can be applied to prepare 

other globular protein-dextran nanogels.  

J. Li et al., Langmuir, 2008, 24, 3486 – 3492. 

 

Photogalvanic cell: A new approach for green and 
sustainable chemistry 

A comparative study of anionic, 

cationic, and nonionic surfactants 

on photogalvanic effect was 

studied in a photogalvanic cell 

containing dioctyl sulfosuccinate 

(DSS), cetyltrimethylammonium 

bromide (CTAB), and 

TritonX-100 as surfactants, 

rhodamine 6G as photosensitizer, 

and oxalic acid as reductant.  

Observed values of 

photopotential, photocurrent, fill factor, conversion efficiency, and storage 

capacity for DSS–rhodamine 6G–oxalic acid system was, respectively, 880.0mV, 

200μA, 0.41, 0.86%, and 131.0min, for CTAB–rhodamine 6G–oxalic acid system, 



 

10 414.0mV, 90.0μA, 0.45, 0.24%, and 68.0min, and for TritonX-100–rhodamine 

6G–oxalic acid system, 672.0mV, 165.0μA, 0.38, 0.55%, and 96.0min.  The 

effects of different parameters on electrical output of the cell were observed and a 

tentative mechanism has also been proposed for the generation of photocurrent in 

photogalvanic cell. 

K.R. Genwa et al., Sol. Energy Mat. Sol. Cells, 2008, 92, 522 – 529. 

 

Superheated water chromatography – A green 
technology for the future  
Reversed phase liquid chromatography using superheated water as the mobile 

phase, at temperatures between 100 and 250°C, offers a number of advantages for 

the analyst.  It is an environmentally clean solvent, reducing solvent usage and 

disposal costs.  It has advantages in detection, allowing UV spectra to be 

monitored down to short wavelengths, as well as a compatibility with universal 

flame ionization detection and mass spectroscopy.  By employing deuterium 

oxide as the eluent, solvent free NMR spectra can be measured.  The 

development of newer more thermally stable stationary phases, including hybrid 

phases, have expanded the analytes that can be examined and these now range 

from alkylbenzenes, phenols, alkyl aryl ketones and a number of pharmaceuticals 

to carboxylic acids, amino acids, and carbohydrates.  Very few compounds have 

been found to be unstable during the analysis.  The separation methods can be 

directly coupled to superheated water extraction providing a totally solvent free 

system for sample extraction and analysis. 

R.M. Smith, J. Chromatogr. A, 2008, 1184, 441 – 455. 

 

Green electronics through legislation and lead free 
soldering  

Management of used electrical and electronic equipment (EEE) is becoming a 

major issue as each year around 20 to 50 million tonnes of electronic waste 

(e-waste) is generated worldwide.  EEE contains over 1000 materials of which 

lead (Pb) has been one of the targets of the regulators forcing manufacturers to 

adopt lead free products.  Industry has come up with several lead free solders 

with preference given to alloys containing tin, silver, and copper but there is 



 

11 no ,drop-in’ substitute to leaded solder.  Issues with lead free solders such as 

temperature, intermetallics, tin whisker, tin pest, and reliability are yet to be 

resolved.  The paper investigated the contribution of lead free soldering to green 

electronics in a holistic way.  Global lead free movement has reached a point of 

no return.  However, it is necessary to make sure that life span of EEE is not 

shortened thereby resulting in an unforeseen increase in e-waste or problem 

shifting does not occur by shifting a problem from one life cycle to another or 

from one category/media to another. 

S. Heart, Clean, 2008, 36, 145-151.  

 

Frontiers in green chemistry: Meeting the grand 
challenges for sustainability in R&D and 
manufacturing 

Green Chemistry is the design, 

development, and implementation 

of chemical products and processes 

to reduce or eliminate the use and 

generation of substances hazardous 

to human health and the 

environment.  It is an innovative, 

non-regulatory, economically driven approach toward sustainability.  The 

unequivocal value of Green Chemistry to the business and to the environment is 

illustrated through industrial examples.  Green Chemistry must be recognized for 

its ability to address sustainability at the molecular level.  By designing for 

sustainability at this fundamental level, Green Chemistry challenges innovators to 

design and utilize matter and energy in a way that increases performance and value 

while protecting human health and the environment.  The principles of Green 

Chemistry today need to become the core for tomorrow’s chemistry, integrating 

sustainability into science and its innovations.  

J.B. Manley et al., J. Clean Prod., 2008, 16, 743 –750.  

 



 

12 The 24 Principles of green engineering and green 
chemistry: “IMPROVEMENTS PRODUCTIVELY” 

Samantha Tang, Richard 

Bourne, Richard Smith 

and Martyn Poliakoff 

suggest a condensed 24 

Principles of Green 

Chemistry and Green 

Engineering, with the 

mnemonic “IMPROVEMENTS PRODUCTIVELY” 

S.Y. Tang et al., Green Chem., 2008, 10, 268 – 269.  
 

Renewable energy utilization evaluation method in 
green buildings 

Utilizing renewable energy (RE) is an important part of the design and 

development of green buildings.  However, it is unreasonable to assess renewable 

energy utilization (REU) only with the net ratio of end-use energy provided by the 

renewable energy system to a building’s total energy consumption, but ignoring 

the system efficiency of REU with the necessary extra conventional energy 

consumption, such as electricity.  In this paper, the energy quality coefficient 



 

13 (EQC) is introduced to describe the quality of energy, while the energy conversion 

coefficient (ECC) is applied to evaluate energy system efficiency.  The indexes 

and their expressions were developed based on energy analysis.  Based on these 

two indexes, an effective substitution ratio (ESR) was developed for the evaluation 

of REU.  Furthermore, the ESR of utilizing RE to substitute for single type and 

multiple types of conventional energy is discussed.  Finally, case studies were 

conducted and some conclusions were drawn from the results for application of 

RE in buildings. 

X. Chunhai et al., Renew. Energy, 2008, 33, 883 – 886. 

 

Applications of ionic liquids in the chemical industry 

In contrast to a recently expressed, and 

widely cited, view that Ionic liquids are 

starting to leave academic labs and find 

their way into a wide variety of industrial 

applications , we demonstrate in this 

critical review that there have been 

parallel and collaborative exchanges 

between academic research and industrial developments since the materials were 

first reported in 1914 (148 references)  

N.V. Plechkova et al., Chem. Soc. Rev., 2008, 37, 123 – 150. 

 

Conference information 

1. Gordon Research Conference on Green Chemistry 

Lewiston, Maine, USA, August 3-8, 2008 

http://www.grc.org/programs.aspx?year=2008&program=

green 

2. UConn GSSPC symposium: Transitioning into Green 

Chemistry 

Philadelphia, PA, USA, August 17-21, 2008 

http://chemistry.uconn.edu/gsspc/index.html 

3. 2nd International IUPAC Conference on Green 

Chemistry   



 

14 Moscow, Russia, September 14-20, 2008 

http://www.icgc2008.ru/ 

4. Green Solvents – Progress in Science and Application 

http://events.dechema.de/en/Events/Green%2BSolvent

s%2B_%2BProgress%2Bin%2BScience%2Band%2B

Application-p-123244.html  

5. 7th Green Chemistry Conference 

Barcelona, Spain, November 12-13, 2008 

http://www.iuct.net/chem/7/index.html 

 

Google map for green chemists 

As part of their Green Education Materials for Green Chemists, the University of 

Oregon has created a google map on the worldwide green chemistry community.  

You can add your details at http://greenchem.uoregon.edu/Pages/MapDisplay.php 
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Research breakthroughs 
 
(This section is cited from Green Chemistry News Issue 31. 
http://www.rsc.org/chemsoc/gcn/pdf/Newsletter31.pdf) 
We also welcome the domestic researchers to send the research results about “Green 
Chemistry” to us.  
 

Green cement 
A remarkable 6% of the carbon dioxide we release 
into the atmosphere comes from cement 
manufacture. Portland cement is produced at ca. 
1500°C and for every tone produced, 100 kg of 
fossil fuel is consumed and one tone of carbon 
dioxide is generated. Some types of waste or low 
value biomass contain significant amounts of 
silicates – the primary constituent of cement. For 
example, rice hulls which are produced in 
enormous quantities in many parts of the world 
including the USA, China and Brazil contain 

about 10% silicate; this can be relatively easily produced by burning the hulls at 
600°C followed by further processing which is complete at 800°C.  
J.S. Romano et al., J. Hazard. Mater., 2008, 154, 1075 – 1080. 

 

Reducing the environmental footprint of chemicals  
The manufacturing processes for chemicals can make large contribution to their 
environmental footprints. In the case of speciality products such as pharmaceuticals, 
manufacturing can be especially onerous – in many cases 
only 1% of the resource input ends up in the product. One of 
the major environmental impacts in chemical manufacturing 
is the use of organic solvents. In a recent publication from 
Israel, water is shown to be an effective replacement for 
organic solvents in some chemical syntheses. In particular it 
is shown that one of the most important chemical reactions, 
oxidation, can be carried out using water and air.   
N. Shapiro et al., Angew. Chem. Int. Ed., 2008, 47, 2849 – 2852. 

 

Safer and greener foods 
Consumers are demanding safer foods but also foods that use natural rather than 
synthetic additives. Spices and essential oils are being researched as natural agents for 
food preservation. In a recent publication from the USA, seven citrus essential oils 

 

http://www.rsc.org/chemsoc/gcn/pdf/Newsletter31.pdf
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were screened for antibacterial 
activity against 11 strains of 
Salmonella. Good inhibiting 
activity was shown by several oils 
with terpenes from orange essence 
showing the highest activity. 
Analysis of this substance showed 
it was mostly composed of 
d-limonene.   
C.A. O’Bryan et al., J. Food Sci., 
2008, 73, M264 – 267.  

 

Bio-deicing  
De-icing fluids are widely used on roads, airport runways and other large scale 
applications. Currently used substances include glycols but there are concerns about 
the impact of such substances in large volumes, on the environment. In a recent US 
Patent, a group from the Batelle Memorial Institute in Ohio report the use of a novel, 
non-hazardous anti-icing agent based on a bio derived freezing point depressant such 
as glycerol which can be mixed with other bio-polyols as well as a surfactant and an 
anti-oxidant (e.g. citric acid). A polymer, typically PVP, can also be part of the 
formulation.  
Simmons et al., United States Patent, Jan. 30, 2007, US 7,169,321 B2.  
 
Green waxes 
Plants are coated with chemicals which have a multitude of functions depending on 
their environment and time of year. These “waxes” can be extracted and then used in a 
variety of applications. In research published by the Green Chemistry Centre at York, 
the surface waxes from low value wheat straw have been extracted using low 
environmental impact supercritical carbon dioxide. Furthermore, the chemicals in the 
waxes can be simultaneously fractionated to give specific products with value in areas 
including cosmetics, nutraceuticals and insect repellents. The low environmental 
impact of these products, coupled with increasing consumer demands for natural, 
non-animal derived products makes these attractive green products.    
J.H. Clark et al., Educ. Chem. J., 2008, 45, 76 – 79.  

 

Wine waste is good for you as well!  
Once again the “food vs. fuel vs. feed” is being avoided by the ingenious use of waste 
agricultural products. This time researchers in Canada and Turkey have used the grape 
cane waste from Pinot Noir wine production (and a mighty fine production it is too!) 
as a source of valuable phytochemicals that have shown significant activity against 
animal diseases such as cancer, cardiovascular complaints and they can also act as 
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anti-oxidants as well. These chemicals, 
trans-resveratrol and trans-viniferin, are isolated 
using an environmentally benign solvent mixture 
of ethanol and water. The researchers have 
calculated that if all the Pinot Noir cane in the 
world, all 8 million tons of it, were extracted and 
these compounds isolated the global economic 
value would be ~£30 billion! So the next time 
you have a glass of Pinot Noir, you can drink 
easier knowing you are saving both animals and 
the planet!  

G. Mazza et al., Ind. Crop. Prod., 2008, 27, 335 – 340.  

 

Green synthesis of silver and palladium nanoparticles 
at room temperature using coffee and tea extract 
 

An extremely simple green approach 
that generates bulk quantities of 
nanocrystals of noble metals such as 
silver (Ag) and palladium (Pd) using 
coffee and tea extract at room 
temperature is described. The single-pot 
method uses no surfactant, capping 
agent, and/or template. The obtained 
nanoparticles are in the size range of 
20–60 nm and crystallized in face 

centered cubic symmetry. The method is general and may be extended to other noble 
metals such as gold (Au) and platinum (Pt). 
M.N. Nadagouda et al., Green Chem., 2008, 10, 859 – 862. 

 

Microwave-assisted rapid facile “green” synthesis of 
uniform silver nanoparticles: self-assembly into 
multilayered films and their optical properties 
 
We report an environmentally benign process for the synthesis of nearly monodisperse 
silver nanoparticles in large quantities via a microwave-assisted “green” chemistry 
method in an aqueous system, using basic amino acids, such as L-lysine or L-arginine, 
as reducing agents and soluble starch as a protecting agent. The presence of amino 
acids with basicity such as L-lysine or L-arginine, having two amino groups in each 
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molecule, is indispensable for the synthesis of uniform silver nanoparticles. The 
current synthetic process can be readily applied to large-scale production, for example, 
a reaction yielding 0.1 g of nearly monodisperse silver nanoparticles can be 
performed in a 80 mL microwave sealed vessel. This combination of solvent, 
renewable reactants, and microwave irradiation seem to make it clear that green 
chemical synthesis of metal nanoparticles with well-controlled shapes, sizes, and 
structures has practical potential. Self-assembly of starch-capped silver nanoparticles 
results in multilayered mirrorlike films forming on the glass slide surface. The surface 
plasmon transmission of the films has blue-shifted with decreasing silver atom 
concentrations of the films. The silver films offer great surface enhancement for 
4-mercaptobenzoic acid (4-MBA) molecules, and the surface enhancement factor can 
be efficiently changed by the silver atom concentrations of the films. 
B. Hu et al., J. Phys. Chem. C, 2008, 112, 11169 – 11174.  
 
A green route to water soluble carbon nanotubes and 
in situ loading of silver nanoparticles 
 
A green approach has been developed to synthesize water soluble multi-walled carbon 
nanotubes (MWNTs). Ag nanoparticles have been loaded on the as-synthesized 
MWNTs via the in situ solution method. The strategy is based on the introduction of 
hydroxyl and carboxyl groups through a mild modification of MWNTs via 
polycondensation of citric acid and D-sorbitol, improving the water solubility of 
MWNTs, giving rise to preferred sites of Ag nucleation, and providing mild in situ 
reducing agents. The modification of MWNTs and loading of Ag nanoparticles on 
MWNTs were demonstrated by Fourier transform infrared spectroscopy, 
thermogravimetric analysis, transmission electron microscopy, and scanning electron 
microscopy.  
C.-H. Xue et al., Nanotechnology, 2008, 19, 325605.     

 

Green synthesis of 1–2 nm gold nanoparticles 
stabilized by amine-terminated ionic liquid and their 
electrocatalytic activity in oxygen reduction 

 
Stable gold nanoparticles with 
average size 1.7 nm synthesized 
by an amine-terminated ionic 
liquid showed enhanced 
electrocatalytic activity and 
high stability. 
Z. Wang et al., Green Chem., 
2008, 10, 907 – 909. 
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Selective growth of gold nanoparticles onto tellurium 

In this paper, we describe a green 

d

ter. Chem., 2008, 18, 2569 – 2572.  

One-step “green” synthesis and stabilization of Au and 

enerally, metal nanoparticles are prepared by a variety of chemical methods that are 

reen preparation and catalytic application of Pd 

 green strategy for the facile preparation and effective stabilization of Pd 

nanowires via a green chemical route 
 

chemical route for highly selective 
growth of Au tips onto Te nanowires 
(NWs). We carefully selected the pH 
values to vary the redox reaction 
potential between Au3+ and Te NWs, 
allowing control of nucleation and 
growth rates of Au nanoparticles (NPs). 
In the presence of 10 mM CTAB, we 
obtained Au-Te and Au-Te-Au NWs at 
ata revealed that the resistance of the Te 

NW-based thin films is controlled by the degree of deposition of Au NPs. We suspect 
that Au-Te and/or Au-Te-Au NWs hold great potential for use in the fabrication of 
electronic devices.  
Z.-H. Lin et al., J. Ma

pH 4.0 and 5.0, respectively. Photovoltaic 

 

Ag nanoparticles using ionic polymers 
 
G
not environmentally friendly. We report on the use of aqueous solutions of ionic 
polymers containing arsonic acid groups for the green synthesis of Au and Ag 
nanoparticles of intriguing shapes at room temperature without using additional 
reducing reagent. Our results indicate that these ionic polymers are not only capable 
of reducing metal ions but also can protect the nanoparticles in the colloidal solutions. 
In general, the process of metal ions reduction using these ionic polymers is very slow, 
but the ability of the polymers to protect the Au and Ag nanoparticles permits us to 
obtain colloidal solutions that are stable for several months. This method would be 
very much useful for the preparation of other metal nanoparticles. 
J. García-Serrano et al., Mater. Chem. 2008, 20, 5146 – 5153. 
 
G
nanoparticles 
 
A
nanoparticles has been developed by using D-glucose as the reducing and stabilizing 
agents. The UV/vis absorption spectroscopy, transmission electron microscopy (TEM), 
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X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FT-IR) and zeta 
potential measurements were used to characterize the as-prepared Pd nanoparticles. It 
was found that the D-glucose concentration and pH value had an important effect on 
the size distribution and stability of the nanoparticles. Further, the Pd nanoparticles 
exhibited good catalytic properties in the degradation of azo dyes. 
L. Xu et al., Nanotechnology, 2008, 19, 305603.     

 

Biopolymer-assisted green synthesis of iron oxide 

agnetite nanoparticles were fabricated using a biopolymer (sodium 

al., J. Phys. Chem. C, 2008, 112, 10398 – 10401.  

 facile and green preparation of high-quality CdTe 

ne chemical reagent, hydrazine hydrate, was discovered to accelerate the growth of 

08, 19, 245601.  

nanoparticles and their magnetic properties 
 
M
alginate)-assisted route via redox-based hydrothermal method using FeCl3·6H2O and 
urea as the starting materials. The morphology, composition, and phase structure of 
as-prepared powders were characterized by scanning electron microscopy (SEM), 
X-ray diffraction (XRD), and X-ray photoelectron spectroscopy (XPS). The results 
show that biopolymer plays dual roles, reduction, and stabilization, in the formation 
of the products. This method can be easily controlled and is expected to be applicable 
for the preparation of other metal oxides. The sample demonstrated a typical 
ferromagnetic behavior from a direct current SQUID magnetometer (Quantum Design 
MPMS). 
S. Gao et 
 

A
semiconductor nanocrystals at room temperature 
 
O
semiconductor nanocrystals (cadmium telluride) instead of additional energy, which 
was applied to the synthesis of high-quality CdTe nanocrystals at room temperature 
and ambient conditions within several hours. Under this mild condition the mercapto 
stabilizers were not destroyed, and they guaranteed CdTe nanocrystal particle sizes 
with narrow and uniform distribution over the largest possible range. The CdTe 
nanocrystals (photoluminescence emission range of 530–660 nm) synthesized in this 
way had very good spectral properties; for instance, they showed high 
photoluminescence quantum yield of up to 60%. Furthermore, we have succeeded in 
detecting the living Borrelia burgdorferi of Lyme disease by its photoluminescence 
image using CdTe nanocrystals. 
Y. Liu et al., Nanotechnology, 20
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A green process for coupling manganese oxides with 
titanium(IV) dioxide 
 

MnO2 nanoparticle-loaded 
TiO2 prepared by a green 
process capable of 
removing harmful MnO4- 
ions from water exhibits 
catalytic activity for a test 
reaction, H2O2 
decomposition, in the dark 

with its activity enhanced by UV light irradiation.  
N. Nishimura et al., Chem. Commun., 2008, 3564 – 3566. 
 
Green electricity production with living plants and 
bacteria in a fuel cell 
 
The world needs sustainable, efficient, and renewable energy production. We present 
the plant microbial fuel cell (plant-MFC), a concept that exploits a bioenergy source 
in situ. In the plant-MFC, plants and bacteria were present to convert solar energy into 
green electricity. The principal idea is that plants produce rhizodeposits, mostly in the 
form of carbohydrates, and the bacteria convert these rhizodeposits into electrical 
energy via the fuel cell. Here, we demonstrated the proof of principle using Reed 
mannagrass. We achieved a maximal electrical power production of 67 mW m-2 anode 
surface. This system was characterized by: (1) nondestructive, in situ harvesting of 
bioenergy; (2) potential implementation in wetlands and poor soils without 
competition to food or conventional bioenergy production, which makes it an 
additional bioenergy supply; (3) an estimated potential electricity production of 
21 GJ ha-1 year-1 (5800 kWh ha-1 year-1) in Europe; and (4) carbon neutral and 
combustion emission-free operation.  
D.P.B.T.B. Strik et al., Int. J. Energy Res., 2008, 32, 870 – 876. 
 
Fuel cell cathode catalyst layers from “green” catalyst 
inks 
 
Fuel cell cathode catalyst layers deposited from a water-based catalyst ink formulation, 
using high water content and minimum volatile organic compounds, are investigated. 
Cathodes fabricated from a dispersion medium containing 96 wt% water are 
compared with cathodes fabricated from conventional alcohol-based inks containing 
1-propanol–water 3:1 (w/w). The morphology of the two catalyst layers are similar, as 
are electrochemically-active surface areas at relative humidities of 100, 70 and 30% 
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RH. Oxygen reduction kinetics obtained under fully 
humidified H2/O2 conditions exhibit similar Tafel 
slopes, 67 ± 3 mV per dec. However, cathodes 
prepared from water-based inks exhibit a lower 
H2/air fuel cell performance under 100, 70 and 30% 
RH while its porosity, obtained using mercury 
porosimetry, is slightly higher. EIS measurements 
obtained under high current density indicate that the 
mass transport resistance of the water-based catalyst 
layer is lower, which is consistent with porosimetric 

data, and suggests that factors other than mass transport limit the performance of the 
water-based cathode. The protonic resistance of the catalyst layers was found to be 
105 and 145 m  cm2 for the propanol- and water-based catalyst layers, respectively. 
The differences are more pronounced when RH is decreased from 100 to 30%. This 
trend is consistent with the observed decrease in fuel cell performance under 
conditions of lower RH, and indicates that the higher proton resistance of the 
water-based catalyst layer is the cause of its lower fuel cell performance. 
Z. Xie et al., Energy Environ. Sci., 2008, 1, 184 – 193. 
 
Copper zeolites as green catalysts for multicomponent 
reactions of aldehydes, terminal alkynes and amines: 
an efficient and green synthesis of propargylamines 
 
CuI-modified zeolites, especially CuI-USY, have proved to be very efficient catalysts 
in multicomponent reactions, allowing for a solvent-free synthesis of propargylamines 
from aldehydes, amines, and terminal alkynes. With a heterogeneous catalyst and in 
the absence of solvent, this process is among the greenest ever reported. A mechanism 
has been proposed for this three-component reaction. 
M.K. Patil et al., Eur. J. Org. Chem., 2008, 4440 – 4445. 

 

One-pot green synthesis of propylene oxide using in 
situ generated hydrogen peroxide in carbon dioxide 
 

In the one-pot green 
synthesis of propylene 
oxide using in situ 
generated hydrogen 
peroxide, a propylene 
oxide yield of 23% with 

82% selectivity was achieved over a (0.2%Pd + 0.02%Pt)/TS-1 catalyst by using 
compressed (supercritical or liquid) carbon dioxide as the solvent and small amounts 
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of water and methanol as co-solvents. The addition of an inhibitor effectively 
suppressed a number of common side-reactions, including the hydrogenation of 
propylene, the hydrolysis of propylene oxide and the reaction between propylene 
oxide and methanol. This suppression effect is due to the interaction between the 
inhibitor and TS-1 leading to the neutralization of its surface acidity.  
Q. Chen et al., Green Chem., 2008, 10, 934 – 938.  
 
Green composites reinforced with hemp nanocrystals 
in plasticized starch 
 
New nanocomposite films were prepared from a mixed suspension of hemp cellulose 
nanocrystals (HCNs) and thermoplastic starch, or plasticized starch (PS), by the 
casting and evaporating method. The morphology, thermal behavior, mechanical 
properties, and water sensitivity of the films were investigated by means of scanning 
electron microscopy, wide-angle X-ray diffraction, differential scanning calorimetry, 
tensile testing, contact angle measurements, and water absorption. The results indicate 
that the cellulose nanocrystals dispersed in the PS matrix homogeneously and resulted 
in an increase in the glass-transition temperature ascribed to the fact that the 
flexibility of the starch molecular chains in the starch-rich phase was reduced because 
of the strong intermolecular interactions between the starch and stiff HCNs. The films 
exhibited significant increases in the tensile strength and Young's modulus, from 3.9 
to 11.5 MPa and from 31.9 to 823.9 MPa, respectively, with increasing HCN content 
from 0 to 30 wt%. In addition to the improvement in mechanical properties, the 
incorporation of HCNs into the PS matrix also led to a decrease in the water 
sensitivity of the final composite materials. Therefore, the HCNs played an important 
role in improving the mechanical properties and water resistance of the starch-based 
material.  
X. Cao et al., J. Appl. Polym. Sci., 2008, 109, 3804 – 3810. 

 

Mechanical properties of green composites with 
polycaprolactone and wheat gluten  
 
Wheat gluten (WG) was incorporated into polycaprolactone (PCL) (up to 50% w/w) 
as a filler to form a biodegradable polymer composite. A microscopic examination 
showed a well-dispersed particle-matrix system. The composite was evaluated for its 
tensile properties. The tensile strength of the composite decreased linearly with 
increasing WG content from 20 (0% WG) to 6 MPa (50% WG). However, the 
reduction of the tensile strength did not fit the Nicolais-Narkis model, and this 
indicated that some adhesion between WG and PCL occurred. High elongation (> 
900%) was observed in PCL-WG composites with up to 20% WG; it decreased to 
400% with 35% WG and finally to less than 100% with 40-50% WG. There was a 
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particle-induced transition at a calculated critical volume of 0.3 corresponding to 30% 
WG by weight with respect to PCL.  
V.L. Finkenstadt et al., J. Appl. Polym. Sci., 2008, 110, 2218 – 2226. 
 
Clean and green bioplastic composites: comparison of 
calcium sulfate and carbon nanospheres in polylactide 
composites 
 
Two environmentally friendly fillers, carbon nanospheres (CNS) derived from 
cellulose and calcium sulfate anhydrite (CaSO4), a by-product of the polylactide (PLA) 
production process, are compared as nucleating agents in commercial-grade PLA. 
CNS and CaSO4 are compounded with PLA using solution blending. Additionally, 
CaSO4 is melt mixed with PLA. Crystallization kinetics are explored using 
differential scanning calorimetry (DSC) and polarized optical microscopy. Mechanical 
properties are examined using dynamic mechanical thermal analysis (DMTA) and 
morphology is determined using field-emission scanning electron microscopy 
(FE-SEM). It is found that the filler does not increase the PLA crystallization rates 
significantly at loadings up to 15 wt% (CNS) or 20 wt% (CaSO4). The lack of effect 
on crystallization kinetics is attributed to the high D-lactic acid content of 
commercial-grade PLA, and also to poor dispersion of the fillers in the PLA matrix. 
The glassy shear storage modulus of the composites is found to increase by 50% in 
the highest weight loadings tested. These clean and green bioplastic composites may 
be able to offset the use of fossil resource-based materials. 
M.J. Sobkowicz et al., Clean-Soil Air Water, 2008, 36, 706 – 713. 
 
Environmental decision support for the construction 
of a “green” mountain hut 
 

The construction 
of a modern 
mountain hut near 
the mountains 
Matterhorn and 
Dufourspitze in 
the Swiss Alps is 
investigated from 
an environmental 
point of view. A 

prospective 
environmental assessment was performed to minimize the environmental impact 
already in the planning phase of the new building; construction will start in autumn 
2008. An energy balance of the existing hut was made to detect optimization 
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potentials and to predict the necessary energy generating systems of the new building. 
In addition to energy supply, the environmental impacts of materials and processes 
were compared and evaluated with the help of Life Cycle Assessment. Although 
energy use will increase in the new building, mainly due to the installation of a 
wastewater purification system, total greenhouse gas emissions will decrease. 
M. Goymann et al., Environ. Sci. Technol., 2008, 42, 4060 – 4067.  
 
Sustainability as an emerging design criterion in 
nanoparticle synthesis and applications 
 
The precepts of green chemistry have been spreading since the mid-1990s, 
concomitant with advances in nanomaterial synthesis. Recently these two 
communities have begun to significantly converge. Nanomaterial synthesis groups are 
developing greener, more sustainable production methods, while nanoparticle 
application groups are exploring sustainable energy sources and environmental 
remediation as end goals.  
C.J. Murphy, J. Mater. Chem., 2008, 18, 2173 – 2176.  

 

Green energies and the environment 
 
Globally, buildings are responsible for approximately 40% of the total world annual 
energy consumption. Most of this energy is for the provision of lighting, heating, 
cooling, and air conditioning. Increasing awareness of the environmental impact of 
CO2 and NOx emissions and CFCs triggered a renewed interest in environmentally 
friendly cooling, and heating technologies. Under the 1997 Montreal Protocol, 
governments agreed to phase out chemicals used as refrigerants that have the potential 
to destroy stratospheric ozone. It was therefore considered desirable to reduce energy 
consumption and decrease the rate of depletion of world energy reserves and pollution 
of the environment. This article discusses a comprehensive review of energy sources, 
environment and sustainable development. This includes all the renewable energy 
technologies, energy efficiency systems, energy conservation scenarios, energy 
savings and other mitigation measures necessary to reduce climate change. 
A.M. Omer, Rene. Sust. Energy Rev. 2008, 12, 1789 – 1821. 
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Crops: a green approach toward self-assembled soft 
materials 
 

To date, a wide range of industrial materials 
such as solvents, fuels, synthetic fibers, and 
chemical products are being manufactured 
from petroleum resources. However, rapid 
depletion of fossil and petroleum resources is 
encouraging current and future chemists to 
orient their research toward designing safer 
chemicals, products, and processes from 
renewable feedstock with an increased 
awareness of environmental and industrial 
impact. Advances in genetics, biotechnology, 
process chemistry, and engineering are 
leading to a new manufacturing concept for 

converting renewable biomass to valuable fuels and products, generally known as the 
biorefinery concept. The swift integration of crop-based materials synthesis and 
biorefinery manufacturing technologies offers the potential for new advances in 
sustainable energy alternatives and biomaterials that will lead to a new manufacturing 
paradigm. This Account presents a novel and emerging concept of generating various 
forms of soft materials from crops (an alternate feedstock). In future research, 
developing biobased soft materials will be a fascinating yet demanding practice, 
which will have direct impact on industrial applications as an economically viable 
alternative. Here we discuss some remarkable examples of glycolipids generated from 
industrial byproducts such as cashew nut shell liquid, which upon self-assembly 
produced soft nanoarchitectures including lipid nanotubes, twisted/helical nanofibers, 
low-molecular-weight gels, and liquid crystals. Synthetic methods applied to a “chiral 
pool” of carbohydrates using the selectivity of enzyme catalysis yield amphiphilic 
products derived from biobased feedstock including amygdalin, trehalose, and 
vitamin C. This has been achieved with a lipase-mediated regioselective synthetic 
procedure to obtain such amphiphiles in quantitative yields. Amygdalin amphiphiles 
showed unique gelation behavior in a broad range of solvents such as nonpolar 
hexanes to polar aqueous solutions. Importantly, an enzyme triggered drug-delivery 
model for hydrophobic drugs was demonstrated by using these supramolecularly 
assembled hydrogels. Following a similar biocatalytic approach, vitamin C 
amphiphiles were synthesized with different hydrocarbon chain lengths, and their 
ability to self-assemble into molecular gels and liquid crystals has been studied in 
detail. Such biobased soft materials were successfully used to develop novel 
organic–inorganic hybrid materials by in situ synthesis of metal nanoparticles. The 
self-assembled soft materials were characterized by several spectroscopic techniques, 
UV–vis, infrared, and fluorescence spectrophotometers, as well as microscopic 
methods including polarized optical, confocal, scanning, and transmission electron 
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microscopes, and thermal analysis. The molecular packing of the hierarchically 
assembled bilayer membranes was fully elucidated by X-ray analysis. We envision 
that the results summarized in this Account will encourage interdisciplinary 
collaboration between scientists in the fields of organic synthesis, soft materials 
research, and green chemistry to develop functional materials from underutilized 
crop-based renewable feedstock, with innovation driven both by material needs and 
environmentally benign design principles. 
P.K. Vemula et al., Acc. Chem. Res., 2008, 41, 769 – 782.  

 

Conference information 
 
1. 7th Green Chemistry Conference Barcelona, Spain, 

November 12-13, 2008 
http://www.iuct.net/chem/7/index.html 

 
2. Advances in Green Science and Technology Atlanta, Georgia, 

USA, November 14-15, 2008 
http://www.enviroexpousa.com/ 

 
3. 2008 AIChE Annual Meeting Philadelphia, PA, USA, 

November 16-21, 2008 
http://www.aiche.org/Conferences/AnnualMeeting/index.asp
x 

 
4. Biomass and Energy Crops III York, UK, December 10-12, 

2008 
http://www.aab.org.uk/contentok.php?id=62&basket=wwssh
owconfdets 

 
5. ACHEMA 2009: 29th International Exhibition-Congress on 

Chemical Engineering, Environmental Protection and 
Biotechnology Frankfurt am Main, Germany, May 11-15, 
2009 
http://www.achema.de 

 
6. 5th International Conference on Renewable Resources & 

Biorefineries Ghent, Belgium, June 10-12, 2009 
http://www.rrbconference.com/ 

 
7. 2nd International Congress on Green Process Engineering, 

GPE 2009 Venice, Italy, June 14-17, 2009 
http://www.gpe-epic2009.org/ 

 

http://www.iuct.net/chem/7/index.html
http://www.enviroexpousa.com/
http://www.aiche.org/Conferences/AnnualMeeting/index.aspx
http://www.aiche.org/Conferences/AnnualMeeting/index.aspx
http://www.aab.org.uk/contentok.php?id=62&basket=wwsshowconfdets
http://www.aab.org.uk/contentok.php?id=62&basket=wwsshowconfdets
http://www.achema.de/
http://www.rrbconference.com/
http://www.gpe-epic2009.org/

