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引言 

本期通訊感謝甘魯生教授提供文章:「各國對頁岩油及頁岩氣

的態度、開採現況及未來發展」及 2014 中國化學會年會在工

業研究院綠色/永續化學講習會「十二原則的介紹/業界實例」

的資訊與同儕分享。在此,歡迎其各位同仁踴躍投稿或提供

更為豐富的相關息訊;也敬請各位先進同仁給予寶貴的建

議。 

開春之際,敬祝大家健康、平安、豐收。 

 



 

風起雲動、猪羊變色 

--美國、加拿大、阿根廷、西歐、東歐、亞太地區及中國對

頁岩油及頁岩氣的態度、開採現況及未來發展 

 

甘魯生(中央研究院化學研究所兼任研究員) 

 

全世界每年都有新的頁岩油(也包括來自密封砂岩，為簡單陳述，本文一律用頁

岩代表)及頁岩氣的形成層被發現，比如說 2011 年有 69 個，分別屬於 48 個盆地

及 32 個國家。到了 2013 年增加到 137 個，盆地及國家分別增為 42 及 95 個。下

圖是全世界頁岩油及頁岩氣分佈圖及調查評估資料。此圖出自美國能源資訊公署

(US Energy Information Administration)在 2013 年 6 月 10 日公告。該公署估計全

球頁岩油及頁岩氣的儲量分別為 3,450 億桶及 7,299 兆立方公尺。相信此數字還

會隨時間不斷向上攀升。 

 
上圖最大的特色在於許多存量豐富的地域不產石油或天然氣。 

本人最近曾撰寫有關頁岩油的介紹及背景資料於：『全球新能源的展望-頁岩

氣』。此文收錄於科學月刊封面故事『產能與節能的新觀念』專刊，發表於 2014

年四月號。本文主要報導著重於報導近最新發展。 



全世界儲量雖多，但開採與否端賴是否符合成本，成本包括開鑽之費用、頁岩油

(氣)的儲量及價格來決定。所以有的區域發展非常迅速，也有遲滯不前，本文試

以美國、加拿大、阿根廷、西歐、東歐、亞太地區及中國為代表區域，分述如下： 

美國 

美國無論在技術上和開採量上都是領頭羊，目前全境已超過 40,000 口井。出產

的頁岩油及頁岩氣分別佔全國用量的 29%及 40%。天然氣(包括頁岩氣)的價格自

2006 年開採以來很快降到原先之 1/3，以同樣發電量來比較的話天然氣的成本已

然比燃煤來的低。因此 2012 年天然氣取代了 13%的用煤(即由原來的 50%降至

37%)，沒有全部取代的原因是頁岩氣目前生產量仍不足。將來可能有一天能全

部取代，碳足跡亦減少。是世人樂見之事。 

加拿大 

加拿大一向是天然氣出口國家(最大的主顧是美國)。傳統的天然氣井較淺，所以

目前並無開採的需要，積極勘探工作一直持續進行。主要產地在西部的阿伯爾塔

(Alberta)、新格蘭(New British)、育空(Yukon)以及東部的魁北克(Qurbec)、安大略

(Ontario)、新蘇格蘭(New Scotia)及新伯倫瑞克(New Brunswick)都發現了頁岩

氣。之前加國東部一直仰賴西部的天然氣，為地方上能源獨立，東部比西部開採

的意願高。不過這些地方尚未有行動. 

阿根廷 

阿根廷是南美洲第四大產石油及天然氣的國家。油田在一名為瓦卡莫爾塔(Vaca 

Muerta)的地方，此處在 2010 年亦發現了頁岩油及頁岩氣。美國能源資訊公署估

算有 162億桶頁岩油及 308兆立方呎頁岩氣。阿國Yacimientos Petroliferos Fiscales 

(YPF)在 2010 年開鑽了第一口井，深 2,900 公尺，2012 年八月完工。到了同年十

月三十一日又有 20 口井完工，另有幾十口井在方圓 300 平方公里內興建中，現

在的日產頁岩油 20,000 桶。 

為了鼓勵頁岩氣的生產，阿國政府祭出以快到三倍的價格收購。於是吸引了各國

大公司如美國的 Chervon、ExxonMobil、巴西的 Petrobras、中國的 Sinopec Group、

馬來西亞國有公司 PetroNas 等和 YPF 及該地有影響力的家族合作共同投資。比

如說 Chervon 在今年(2014)出資 12.4 億美金提供設備給 YPF 挖 161 口井。來年

更要增加到 1,500 口井，預計的日產量是油 50,000 桶及頁岩氣 1 億零 6 百萬立方

呎。 

西歐 

西歐各國都是天然氣輸入者，主要來源為俄國(輸氣管經烏克蘭)。由於烏國內

戰，情況是瞬息萬變。所以也需發展頁岩油及頁岩氣，但在程度上遠不及美國。

首先技不如人，其次在器具上也不足，美國至少有 1,600 鑽井設備同時工作，西

歐只有 100 個。西歐各國的法律在保護環境上對頁岩氣開發較不友善。比如說法

國明令禁止用水裂解法，最後一個原因是西歐人口密度比美國高，井的位置接近

人口稠密區，若因鑽井產生地層變化將危害較多民眾。除英國外其他都不極積。

所產之頁岩氣體價格亦高，難和境外競爭。 



東歐 

倒是波蘭一心想拷貝美國的成功的國家，其頁岩氣的儲存量也是東歐各國之冠。

政府已發出勘探許可給 20 家國際公司來開鑽試驗井。首相當勞塔斯克(Donald 

Tusk)霸氣的宣佈希望能在 2014 年可上市。 

亞太地區 

這一地區中澳大利亞進展較快，其境內有六塊頁岩油及頁岩氣盆地，根據初步探

測後估計有油 4,030億桶及頁岩氣 2,046兆立方呎。其中只有庫柏(Cooper)盆地(面

積 12 萬平方公里,約 3.3 個台灣)粗具基礎建設，是目前正在開發的地區。目前有

Beach 能源、Senex、DrillSearch 能源及 Santos 等公司或集團都在該地做勘探工

作。 

Beach 在那帕莫瑞(Nappamerri)山溝鑽了二口井，模擬數據顯示有 20 億立方呎頁

岩氣的存量。Senex 則在添那佩拉(Tenappera)山溝探測則發現了有液態碳氫化

物。該公司計劃再鑽 12 口井做進一步証實。 

若能進行順立的澳大利亞的頁岩油及頁岩氣將在不久的將來上市。 

中國 

不到三年的功夫由 15 口實驗井到現在的 100 口。中國石油天然氣股份有限公司

(Sinopec)在重慶福林(Fuling)地區今年可望生產 18 億立方公尺(1 立方公尺

=35.3147 立方呎)頁岩氣，明年可達 50 億，到 2017 再翻倍至 100 億立方公尺的

氣體。和荷蘭皇家殼牌石油合作的(中共)國營石油公司也在四川盆地鑽井，但規

模比 Sinopec 為小。 

中共當局已設定明年生產目標是 65 億立方公尺，到 2020 年時可望生產 600 到

1,000 億立方公尺的氣體。 

預計值彈性之大是因為目前最大的困難是水的來源，四川盆地缺水。業者希望能

找到地下水。其次是地質，每口井鑽法都不甚相同，也要找出一個一體適用的技

術才行。總之中國是除美國外傾全力發掘頁岩氣的地區。  

結論 

由於傳統石化燃料(煤除外)日益枯竭。探測及開發頁岩油及頁岩氣是全球風起雲

湧的活動，主要是存量多，估計可用 250 年，開採技術已臻成熟，比用煤環保。

所以是首選的新能源。而且都在原不產油的地區(或者說這些不產油的地區比較

熱衷於開發)。因此有重組能源版圖的可能，在國際間將有深遠的影響。果不其

然，此篇完稿之後國際石油市場發生了驚人的變化。美國加緊生產頁岩氣(及油)

的效果在石油輸出國家組織(OPEC)不肯減產造成了石油供過於求，石油價格近

月來一路下滑。雖然便宜的能源對經濟發展有利，但也附帶有其他不良的影響。

比如說相對而言其他能源(包括永續能源)的探索、研究和發展的成本提高了。降

低了業者對永續能的興趣是大大的缺失。若以大格局來看，儲在地下的資源是有

限的，總有用完的一天。所以有志之士還是不能停下發展永續能源的腳步。作者

想表達的是使用頁岩油及頁岩氣的最終目的是取爭時間來發展再生能源。這才是

人類永續之道。 



 

頁岩油網頁資訊 

Oil Shale - Oil Shale Facts - What is Oil Shale? 

www.oilshalegas.com/oilshaleoil.html 

 

Oil Shale Research-Homepage, USGS: Energy Resources Program 

energy.usgs.gov/OilGas/UnconventionalOilGas/OilShale.aspx 

 

Oil shale - National Geographic Education 

education.nationalgeographic.com/education/encyclopedia  

 

US shale oil growth practically zero in 2017 | Peak Oil News  

peakoil.com/production/us-shale-oil-growth-practically 



 























 

 

 

Green Chemistry Webinar 
 

ACS Webinars – Green Chemistry Series 

Green Chemistry: Innovation and Application for the New Decade 

Webinar Details 

http://undergrad.acs.org/blog/?p=146 

Date: Thursday, May 20, 2010 

Time: 2:00‐3:00 pm ET 

Fee: Free 

 

UW DEOHS Green Labs Webinar Series 

https://osha.washington.edu/professional‐development/course/webgreenlab‐2015 

All Sessions will take place at 1:00-1:45pm PST 

Jan 27, 2015 

Getting started: Gathering baseline lab sustainability certification data and identifying barriers 

February 24, 2015 

Junk and Juice: Learning lessons to reduce waste and save energy in labs 



March 31, 2015 

It's not easy being green: Transitioning to safer and greener chemical use in labs 

April 28, 2015 

Wrapping up: Evaluating follow-up certification data and green labs project conclusions 

REGISTRATION 

Participation in this webinar series is complimentary. 

1. Create an account here on our site or login to your existing account and select the 

green registration button at the top to register. 

2. **** At the 'Checkout' page, select the radio button for 'Bill Me Now' to provide you a 

receipt for $0.00.**** This step is necessary to complete your registration. 

3. You will be emailed a web link to participate in the webinar several days before each of 

the webinar series dates. 

Please direct any registration questions to Jill Stoddard Tepe at jstod@uw.edu or 

(206)543-1069. 

Project funding provided by: 

- University of Washington Green Seed Fund 

- Sustainable Technologies, Alternate Chemistry-Training and Education Center 

(STAC-TEC) 

 

 

Conferences 

 

新世代綠色化工產業論壇 25 March 2015, Taipei 

https://docs.google.com/forms/d/1Gce3yEwlMLUJjAo9pJdK5md7uf7A7GDTvph15NAuiPc/viewform?c=0

&w=1 

舉辦時間：2015 年 3 月 25 日(三) 

舉辦地點：臺大醫院國際會議中心 

主辦單位：國立清華大學化學工程系 

協辦單位：科技部、經濟部、竹清化工文教基金會 

 

19th Annual Green Chemistry and Engineering Conference 

The 19th Annual Green Chemistry & Engineering Conference (GC&E), will be held 

July 14-16, 2015 in the Washington DC area. As the longest running green chemistry 

conference in the United States. www.gcande.org 



 

Carbon dioxide utilisation 07 - 09 September 2015, Sheffield (UK) 

Topics: Materials Science, Physical Chemistry, Green Chemistry, Biotechnology 

Date: /7/8/9/ September 2015, Sheffield, United Kingdom, Europe 

Web Site, Contact: events@rsc.org 

Official Information: 

Carbon dioxide utilisation processes convert CO2 into commercially viable products such as chemicals, 

polymers, building materials and fuels. Carbon dioxide utilisation is an emerging technology which can 

contribute to the reduction of greenhouse gas emissions by the use of CO2 to manufacture useful 

products. While generally un-reactive, CO2 can be activated, particularly through catalysis, to yield a 

vast array of chemical feedstocks, intermediates and value-added products. For this to be effective, a 

synergistic approach is needed where multiple technologies and energy sources are integrated over a 

complete system. 

Themes 

• Capture Agents & Conversion Mechanisms 

Novel materials that enhance the capture efficiency and selectivity of CO2 need to be developed. 

Molecular design through simulation and/or synthesis can be used to develop task specific materials. 

Furthermore, by tuning the capture chemistry, the CO2 molecule can be activated towards subsequent 

reaction. This session will discuss how capture agent design can be coupled to activation and the 

mechanisms of this interaction will be considered. 

• Atom Efficiency in Small Molecule & Macromolecule Synthesis 

Reactions in which CO2is added to a co-reactant preserving at least one of the C=O bonds, such as 

cyclo-addition reactions. Such reactions will have no or limited by-product production. 

Macromolecules, including polymers, will be included in these discussions. 

• CO2 Reduction Reactions 

The production of liquid synthetic fuels will play a major role is future energy storage strategies and 

major sources of hydrogen must be produced and utilised in an energy efficient manner. 

• Biotransformations and Biomimetics 

Biotransformations will provide the lead for the development of biomimetic systems that outperform 

nature. This will include solar fuels which can be produced with a higher efficiency than in natural 

photosynthetic processes. 

This discussion aims in part to look at a holistic approach, identifying where efficiencies can enhance 

the whole process economics and predicting where there may be bottlenecks in the supply chain.  



Carbon dioxide utilisation is presented as a complementary rather than competitive approach to carbon 

capture and storage, where the product produces a viable profit that can be used to off-set the carbon 

capture technologies required to mitigate against climate change. 

 

45th IUPAC World Chemistry Congress 09 - 14 August 2015, Busan (KR) 

Topics: General Chemistry, Chemical Education, Green Chemistry, Environmental 
Chemistry 

Date: /9/10/11/12/13/14/ August 2015, Busan, South Korea, Asia 

Web Site, Contact: smpark@ khu.ac.kr (Prof. Seung Min Park) 

Official Information: 

Under the theme of "Smart Chemistry, Better Life", the agenda of IUPAC-2015 will emphasize the 

central role of chemistry as a multidisciplinary science to promote the quality of life and welfare 

through innovative scientific achievements and discuss current issues of mutual interest. Seeking 

insights to solve the problems around us such as energy, food, water, and environment will be highly 

appropriate and beneficial. In this regard, we certainly believe that IUPAC-2015 will provide a variety 

of opportunities to exchange ideas and expertise as well as network with worldwide research groups. 

Conference Topics 

Physical Chemistry 

Molecular Synthesis 

Advances in Inorganic Chemistry 

Materials for Energy and Environment 

Analytical Chemistry & Environment 

Macromolecular Science and Technology 

Chemistry of Life 

Nanoscience and Materials 

Open Innovation for Enlightening Chemistry Education 

Green Chemistry for World Needs 

Chemistry for Industry Innovation 

 

6th International Congress on Energy and Environment Engineering and 

Management 22 - 24 July 2015, Paris (FR) 



Topics: Chemical Engineering, Green Chemistry, Environmental Chemistry 

Date: /22/23/24/ July 2015, Paris, France, Europe 

Web Site, Contact: info@ciiem.info 

Official Information: 

Academics of the C3i/Polytechnic Institute of Portalegre (Portugal) and the Extremadura University 

(Spain) organize the 6th International Congress of Energy and Environment Engineering and 

Management (CIIEM15) in Paris from 22 to 24 July 2014. The aim of the event is to discuss efficient 

use of Energy and Energetic Conversion Systems, and also to analyze the different solutions focused 

on the reduction of the impact caused by energetic systems on the environment and the environment 

preservation. 

Topics 

• Energetic Installations 

• Renewable Energies 

• Environmental Management. Environmental Engineering 

• Environmental Education 

• Materials 

• Projects Engineering 

• Computer Fluid Dynamics 

 

International Conference on Chemical and Biochemical Engineering 20 - 22 July, 

Paris (FR) 

Topics: Chemical Engineering, Biotechnology, Green Chemistry 

Date: /20/21/22/ July 2015, Paris, France, Europe 

Web Site, Contact: info@chembiochemeng.com 

Official Information: 

ICCBE15 is organized by the C3i/Polytechnic Institute of Portalegre (Portugal) and the University of 

Extremadura (Spain) with the technical support of ScienceKnow Conferences in Paris. This conference 

has the objective of creating an international forum for academics, researchers and scientists to discuss 

results and proposals related to Chemical and Biochemical Engineering. The International Conference 

on Chemical and Biochemical Engineering will include oral presentations, posters sessions and 



technical conferences as well as an attractive social and cultural program. Papers and abstracts will be 

published in an e-book featuring the proceedings e-book. Those communications considered of having 

enough quality can be further considered for publication in International Journals. The Conference will 

also have a space for companies and/or institutions to present their innovations, services and products. 

 

Finally, on behalf of the Organizing Committee, I would like to invite all the Scientific Community to 

participate in this project, presenting papers or communications related to any of the proposed areas. 

Topics 

1. Chemical Reaction Engineering 

Chemical reactors 

Catalysis 

Kinetics 

Separation technologies 

Multiphase Systems 

Transport phenomena 

Chemical engineering equipment design and process design 

Process system, instrumentation and control 

Computer aided process engineering 

Modelling 

Simulation 

Optimization 

Thermodynamics 

Fluid Dynamics 

Heat Transfer 

Process Engineering 

Product Design 

Reactor materials 

Applied Chemistry 

Clean processes technology 

Water and wastewater management and treatment 

Advanced oxidation processes 

High pressure and high temperature process technology 

Photo- and Electrochemical Engineering 

Membrane Engineering 

Waste sludge treatment and disposal 

Particulate solids/solids processing 

Polymer Reaction Engineering 



Biomass Conversion 

Process Safety Management 

Economics and Business Management 

Chemical Engineering Education 

2. Biochemical Engineering 

Biocatalysis 

Bioreactors 

Biochemical and bio-molecular engineering  

Bioengineering and biomedical engineering  

Industrial Biotechnology 

Bioseparation techniques 

Bioprocess Integration and Intensification 

Performance and Control of Bioreactors 

Environmental Bioengineering 

Cell culture engineering 

Bioprocesses for water and wastewater treatment (Aerobic and Anaerobic) 

Biotechnology and Applied Microbiology 

Bioprocessing for Food Engineering 

Agrobiotechnology 

Algae and photobiotechnology 

Bioresources engineering and technology 

Biobased Economy 

Biorefineries 

Bioenergy 

Hydrogen Production 

Biofuels 

Biopharmaceuticals 

Biosensors and Biodevices 

 

International Conference on Sustainable Materials Science and Technology 15 - 17 

July 2015, Paris (FR) 

Topics: Materials Science, Nanotechnology, Polymers, Green Chemistry 

Date: /15/16/17/ July 2015, Paris, France, Europe 

Web Site, Contact: info@smatscitech.com 



Official Information: 

SMST15 is organized by the C3i/Polytechnic Institute of Portalegre (Portugal) and the University of 

Extremadura (Spain) with the technical support of ScienceKnow Conferences in Paris. The event 

should create a forum for academics, researchers and scientists to discuss recent progress in the field of 

sustainable materials. This event will include oral presentations, posters sessions and technical 

conferences as well as an attractive social and cultural program. Papers and abstracts will be published 

in an e-book featuring the proceedings e-book. Those communications considered of having enough 

quality can be further considered for publication in International Journals. The Conference will also 

have a space for companies and/or institutions to present their innovations, services and products. 

Finally, the Organizing Committee would like to invite all the Scientific Community to participate in 

this project, presenting papers or communications related to any of the proposed areas. 

Topics 

1. Materials in research 

Nanomaterials 

Biomaterials 

Electronic, optical and magnetic materials 

Computational materials science and materials theory 

2. Materials in industry 

Ceramics and glasses 

Composite materials 

Polymers 

Metal alloys 

Iron and Steel (Ferrous Alloys) 

Paper and wood 

Textiles 

Chemical 

Electronic, Optical, and Magnetic Materials 

Construction materials 

3. Sustainable Materials 

Green Manufacturing and Sustainability 

Recycled materials 

New construction materials 

Emerging technologies in materials science 

Materials-Environment Interactions 



4. Processing and Product Manufacturing 

New manufacturing processes 

Surface Modifications 

Coating and Films 

Emerging green processes 

5. Structure of materials: Characterization and testing 

Atomistic structure 

Nanostructure 

Microstructure 

Macrostructure 

Crystallography 

Bonding 

Properties 

Synthesis and processing 

Thermodynamics 

Kinetics 

 

Solid oxide electrolysis: fuels and feedstocks from water and air 13 - 15 July 2015, 

York (UK) 

Topics: Materials Science, Physical Chemistry, Green Chemistry 

Date: /13/14/15/ July 2015, York, United Kingdom, Europe 

Web Site, Contact: events@rsc.org 

Official Information: 

There is great interest in converting electricity overcapacity, e.g. from renewables, to fuels such as 

hydrogen and synthetic gasoline or for the conversion of nitrogen to ammonia. Solid Oxide Electrolysis 

offers a high efficiency route to these conversions utilising technology similar to Solid Oxide Fuel 

Cells that have recently achieved commercial impact in the US and Japan at 100 kW and 1 kW scales, 

respectively. There are quite significant differences between electrolysis and fuel cell operation and 

fundamental aspects of electrolysis have received little attention. Thus, this is a topic of critical current 

interest that could yield a new clean chemical industry and indeed allow greater harvesting of 

renewables by storing excess in a more useful and higher energy density form than electricity. 

Themes 



• Fundamental Electrochemistry  

Steam and carbon dioxide reduction - charge transfer, diffusion and migration. Use of high temperature 

oxide ion (500-1000°C) and intermediate temperature proton conductors (200-600°C). Oxygen 

evolution mechanistic studies. Nitrogen reduction especially at proton conductors.  

• Materials Development  

Performance optimisation through control of composition and microstructure. Development of new and 

improved electrocatalysts. Development of mixed electronic and ionic conducting materials.  

• Understanding durability  

Probing oxygen evolution and its influence on electrode spalling. Minimising chromium poisoning at 

anodes. Understanding ageing at high overpotentials and currents.  

• System studies  

Thermodynamic control to capitalise on process heat to optimise efficiency. Optimising different 

regimes such as autothermal, exothermic and endothermic for different chemical processes. 

Development of reversible fuel cell systems. Comparison between co-electrolysis of steam and carbon 

dioxide and electrolysis of steam to produce hydrogen to sequentially reduce carbon dioxide to syngas.  

This meeting aims to bring together electrochemists, solid state chemists, materials scientists, catalysis 

chemists, and chemical engineers to discuss the fundamental aspects of solid oxide electrolysis. 

 

35th Australasian Polymer Symposium (35aps) 12 - 15 July 2015, Gold Coast, AU 

Topics: Polymer Chemistry, Materials Science, Green Chemistry 

Date: /12/13/14/15/ July 2015, Gold Coast, Australia 

Web Site, Contact: jennifer@leishman-associates.com.au 

Official Information: 

On behalf of the Polymer Division of The Royal Australian Chemical Society (RACI), it is a pleasure 

to invite you to the 35th Australasian Polymer Symposium. 35APS will be held from the 12th - 15th 

July 2015 at the QT Hotel, Gold Coast. 

The themes for 35APS will cover all areas of polymer science, engineering and technologies from the 

latest innovations in synthesis, characterization, processing and modelling to the advanced applications 

of polymers in health, energy and sustainability as well as future materials and devices. 

The APS has a long established tradition of bring together the polymer science and engineering 

communities of Australasia as well as esteemed polymer colleagues from around the world; from the 

current world-leaders in polymer research and industry to the future generations. 



As in past years the APS will provide an opportunity for national and international networking through 

an exciting forum of both formal presentations as well as enhancement of research in order to 

contribute towards the development of frontier polymer research. The program will provide ample 

opportunities for informal discussions and networking throughout the conference. 

We encourage you to attend what promises to be another stimulating polymer forum in 2015. 

 

7th International Conference on Green and Sustainable Chemistry (GSC-7) 05 - 

08 July 2015, Tokyo (JP) 

Topics: Green  Chemistry 

Date: /5/6/7/8/ July 2015, Tokyo, Japan, Asia 

Web Site, Contact: jaci4gsc7-gbm [at] or.knt.co.jp 

Official Information: 

This year, the 7th International Conference on Green and Sustainable Chemistry (GSC-7) and 4th 

JACI/GSC Symposium will be jointly held in Tokyo. With the purpose of promoting chemical 

technology innovation for sustainable development, the Japan Association for Chemical Innovation 

(JACI) / Green & Sustainable Chemistry Network Symposium is held in Japan annually by JACI, 

while the International GSC Conference is held biennially on a rotating basis in the different countries 

of Asia, US and Europe. 

Since the first conference of Green and Sustainable Chemistry (GSC-1) in Tokyo, Japan, on March 

13-15, 2003, GSC will now be back to its birthplace in Tokyo. 

 

Congress of the European Polymer Federation (EPF-2015) 21 - 26 June 2015, 

Dresden (DE) 

Topics: Polymer Chemistry, Materials Science, Green Chemistry 

Date: /21/22/23/24/25/26/ June 2015, Dresden, Germany, Europe 

Web Site, Contact: epf2015@ipfdd.de 

Official Information: 



Polymers are essential for the development of the society and the basis for innovations in modern 

technologies. They contribute significantly to advance in life science, mobility, and communication 

technologies, and address essential challenges of energy and environment. The Congress of the 

European Polymer Federation will focus on these cutting-edge topics: 

• Advances in macromolecular synthesis: 

From precision polymer structures towards interactive polymer materials 

• Nanomaterials and composites: 

Preparation, characterization, processing, modelling, application 

• Polymers meet biology: 

Bioinspired and bioactive polymers, biohybrides and polymers at the biointerface  

• From polymer science to soft matter science 

• More with less: 

Polymers address challenges of resources, sustainability, and energy efficiency 

• The post-silicon age: 

Polymer and organic electronics 

 

Reagentless Synthesis 01 April 2015, London (UK) 

Topics: Organic Chemistry, Green Chemistry, Process Chemistry 

Date: /1/ April 2015, London, United Kingdom, Europe 

Web Site, Contact: conferences@soci.org 

Official Information: 

Goals of Green Chemistry is maximization of atom economy and minimization of waste generation, as 

the environmental impact of waste is becoming increasingly recognised and the costs for the disposal 

increases. Reactions without the addition of a chemical reagent can achieve such requirements. Using 

heat, light, sound or electrolysis are particularly attractive. This one-day meeting brings together some 

of the leading practitioners in the field of 'reagentless synthesis' who will discuss their latest state of the 

art research. 

Topics 

The known unknowns...what should be missing in modern industrial chemistry! 

Synthetic organic photochemistry for complexity generation 

Hazardous chemistry meets microreactors - use of highly energetic reagents and intermediates towards 

the continuous flow synthesis of APIs 



Less reagents in flow chemistry: electrons or temperature as driving forces 

How total synthesis inspired the discovery of a gamut of new thermochemical rearrangements 

Sunlight, electrochemistry, and organic synthesis: A versatile combination for solving challenges that 

range from lignin conversion to building addressable molecular libraries 
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2015.07 

資料蒐集:國立高雄師範大學化學系徐永源教授 

  

引言 

本期通訊感謝趙奕姼教授提供綠色化學之父之一的 John 

Warner (President and Chief Technology Officer, Warner 

Babcock Institute for Green Chemistry) 公佈於 youtube的一篇

演講網路資料，內容為如何打造新一代的仿生和環保分子構建

模塊來讓我們達到「想要的世界」與大家分享。另提供近期與

綠色化學相關的資訊請同儕參酌;對本期通訊內容亦請給予寶

貴的意見。敬祝大家暑安。 

 

 

John Warner - Green Chemistry  

https://www.youtube.com/watch?v=TL1zbAJIaDI 

It’s time to create the green molecular building blocks that make green technology truly 

clean, from raw materials and production to social justice. World-renowned green 

chemist John Warner illustrates how we can create a new generation of biomimetic and 

green molecular building blocks to help us reach the “world we want.” A founder of 

Green Chemistry, he has published over 200 patents, papers and books. He’s founder, 

President and Chief Technology Officer of Warner Babcock Institute for Green 

Chemistry, and co-founder of Beyond Benign, a nonprofit for sustainability and green 

chemistry education. 

 

This speech was given at the 2014 Bioneers National Conference. 

 

http://r.search.yahoo.com/_ylt=AwrTcd8NuZdVXa0ALywnnIlQ;_ylu=X3oDMTEzanAxNmJyBGNvbG8DZ3ExBHBvcwMxBHZ0aWQDRkZVSUMwXzEEc2VjA3Ny/RV=2/RE=1436035470/RO=10/RU=http%3a%2f%2fwww.chem.sinica.edu.tw%2ffaculty%2findex.php%3fpiName%3dichao/RK=0/RS=X6KsIn0n13vFqdLwOV4G4GlPkIo-
https://www.youtube.com/watch?v=TL1zbAJIaDI
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The Green Chemistry Commitment Website 

http://www.greenchemistrycommitment.org/resources/curriculum-resources/case-studies/ 

 

Case Studies for General Chemistry 

Green Chemistry in the General Chemistry Laboratory:  

Model laboratory manuals are used as examples of traditional laboratory 
experiments. The case study highlights 6 alternative green chemistry 
experiments that can be used in the general chemistry laboratory, providing 
options for faculty. 

Vitamin C Clock Reaction:  

Clock reactions are traditionally performed in the general chemistry laboratory 
with a variety of reagents, including bisulfites, formaldehyde, mercuric ions, and 
thiosulfates. This greener alternative uses vitamin C tablets and eliminates the 
use of many of the traditional chemicals used for this reaction. 

Molar Mass Determination by Freezing Point Depression:  

Organic solvents are typically used in the traditional experiments for measuring 
colligative properties, such as freezing point depression. This experiment uses 
fatty acids and oils to avoid the use of organic solvents. 

Wood Ash Titration:  

The experiment outlined in this case study is designed to replace experiments 

utilizing oxalic acid, an acid with high human health hazards. The wood ash 

titration also allows students to consider using renewable feedstocks for 

chemical reactions and processes. 

General Chem Lab Sequence for Reducing Waste:  

By utilizing the waste from one experiment in the following experiment, there is 

potential for a drastic reduction in waste. The laboratory sequence is described 

in this case study. 

 

Case Studies for Organic Chemistry 

Greener Grignard Reaction:  

The greener approach involves an aqueous reaction that reduces the use of 

undesirable ethers, and avoids the use of hexanes, and magnesium. 

Greener Alcohol Dehydration:  

Alcohol dehydrations are generally performed by heating the alcohols in the 

presence of a strong acid, such as sulfuric or phosphoric acid, at high 

temperatures. A greener alcohol dehydration reaction is outlined in this case 

study, which uses a reusable catalyst and avoids the use of concentrated acids. 

http://www.greenchemistrycommitment.org/resources/curriculum-resources/case-studies/
http://www.greenchemistrycommitment.org/wp-content/uploads/2015/04/01_General-Chemistry1.pdf
http://www.greenchemistrycommitment.org/wp-content/uploads/2015/04/02_Vitamin-C-Clock1.pdf
http://www.greenchemistrycommitment.org/wp-content/uploads/2015/04/03_Molar-Mass-Determination1.pdf
http://www.greenchemistrycommitment.org/wp-content/uploads/2015/04/04_Wood-Ash-Titration1.pdf
http://www.greenchemistrycommitment.org/wp-content/uploads/2015/04/05_General-Chem-Lab-Sequence2.pdf
http://www.greenchemistrycommitment.org/wp-content/uploads/2015/04/06_Greener-Grignard-Rxn-Final.pdf
http://www.greenchemistrycommitment.org/wp-content/uploads/2015/04/07_Alcohol-Dehydration1.pdf
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Greener Oxidation Reaction:  

The reactions are typically performed using chromium compounds, such as 

pyridinium chlorochromate (PCC) and sodium dichromate dihydrate, two of the 

most common oxidizing reagents. Chromium compounds are known to be 

carcinogenic and many also have reproductive and developmental hazards 

associated with them. A greener method for performing this reaction is described 

that uses a molybdenum catalyst. 

 

Activities for Toxicology and Environmental Impact 

Understanding Human and Environmental Hazard Activity, Hazard evaluation 

template:  

Understanding what makes a molecule hazardous to the environment or toxic to 

humans is a key piece to green chemistry design. However, what do we mean 

when we use the terms “hazardous” or “toxic”? There are many toxicological and 

environmental endpoints that determine whether or not a molecule will have 

human and environmental impact. This activity helps students to understand 

more about the various endpoints and how to assess whether or not a molecule 

poses human and environmental risks. 

Global Warming and the Greenhouse Effect:  

The Global Warming and Greenhouse Effect laboratory exercise was developed 

to demonstrate global warming for introductory chemistry courses for both 

majors and non-majors. The experiment was created for general chemistry or 

environmental science courses. 

 

 

Green Chemistry Laboratory Exercises 

 

http://www.greenchemistrycommitment.org/resources/curriculum-resources/green-chemi

stry-laboratory-exercises/ 

 

A great working database of green chemistry curricula is located at the GEMS database, 

developed and hosted by the University of Oregon. 

The following laboratory exercises have been featured in past faculty professional 

development workshops. They have been developed by faculty at our partner institutions, 

or by Beyond Benign. 

 

General Chemistry 

Wood Ash Titration Chemistry Concepts: Acid-Base Titration, Catalysis, Renewable 

Feedstocks, Developed by Irv Levy, Gordon College 

http://www.greenchemistrycommitment.org/wp-content/uploads/2015/04/08_Greener-Oxidation-Final.pdf
http://www.greenchemistrycommitment.org/wp-content/uploads/2015/04/09_Hazard-Activity-Final.pdf
http://www.greenchemistrycommitment.org/wp-content/uploads/2015/04/09_Hazard-evaluation-template.xlsx
http://www.greenchemistrycommitment.org/wp-content/uploads/2015/04/09_Hazard-evaluation-template.xlsx
http://www.greenchemistrycommitment.org/wp-content/uploads/2015/04/10_Global-Warming-Activity1.pdf
http://www.greenchemistrycommitment.org/resources/curriculum-resources/green-chemistry-laboratory-exercises/
http://www.greenchemistrycommitment.org/resources/curriculum-resources/green-chemistry-laboratory-exercises/
http://greenchem.uoregon.edu/gems.html
http://www.greenchemistrycommitment.org/wp-content/uploads/2013/08/01_Wood-Ash-Titration.doc
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Biodiesel Lab Chemistry Concepts: Transesterification, Catalysis, Renewable Resources, 

Design for Degradation, Pollution Prevention, Developed by Siena College 

Vitamin C Clock Reaction, Getting Off to a Safe Start: Using safer starting materials for 

chemical reactions, In Introduction to Green Chemistry: Instructional Activities for 

Introductory Chemistry, American Chemical Society, 2002. 

A Greener Approach for Measuring Colligative Properties, S.M. McCarthy and S.W. 

Gordon-Wylie, J.Chem.Ed., 2005, 82, 1, 116. 

Blackberry solar cell Chemistry Concepts: Renewable energy, photoelectrochemical 

cells, renewable feedstocks, semiconductors, Developed by Beyond Benign 

 

Organic Chemistry 

Greener Alcohol Dehydration Chemistry Concepts: dehydration reactions, catalysis, 

microwave energy, Developed by Irv Levy, Gordon College. 

Greener Oxidation Chemistry Concepts: catalysis, oxidation reaction, Developed by Irv 

Levy, Gordon College 

Greening of a chemical preparation Chemistry Concepts: organic synthesis, aldol 

condensation, Developed by Irv Levy, Gordon College 

Oxidation of Borneol to Camphor Using Oxone and Catalytic Sodium Chloride: A Green 

Experiment for the Undergraduate Organic Chemistry Laboratory, P.T. Lang, A.M. 

Harned, J.E. Wissinger, J.Chem.Ed., 2011, 88, 652. 

Polylactic acid (PLA) Molecular Recycling Chemistry Concepts: acid-hydrolysis, 

base-hydrolysis, catalysis, microwave energy, titration, microbiology, Developed by 

Rich Gurney, Simmons College 

Thymine Photoresist Patterning Chemistry Concepts: polymers, photoresists, 

photodimerization, Developed by Beyond Benign 

Greener Synthesis Creatine Chemistry Concepts: safer solvents, organic synthesis, safer 

reaction conditions, Developed by Carl Lecher, Marian College 

Aqueous Grignard Chemistry Concepts: C-C bond formation, catalysis, exothermic 

reactions, safer solvents, Developed by John Warner, Warner Babcock Institute for Green 

Chemistry 

Greener Benzoin Condensation Chemistry Concepts: catalysis, nucleophilic addition to a 

carbonyl, atom economy, safer reagents, Developed by John Warner, Warner Babcock 

Institute for Green Chemistry 

http://www.greenchemistrycommitment.org/wp-content/uploads/2013/08/02_Biodiesel-Lab-10.doc
http://www.acs.org/content/acs/en/greenchemistry/education/resources.html
http://www.greenchemistrycommitment.org/wp-content/uploads/2013/08/05_Blackberry-solar-cell.doc
http://www.greenchemistrycommitment.org/wp-content/uploads/2013/08/06_Alcohol-dehydration-Siena-College.doc
http://www.greenchemistrycommitment.org/wp-content/uploads/2013/08/07_Selective-Oxidation-of-Benzyl-Alcohol-to-Benzaldehyde-Siena-College.doc
http://www.greenchemistrycommitment.org/wp-content/uploads/2013/08/08_Greening-of-a-chemical-preparation-Siena-College.docx
http://www.greenchemistrycommitment.org/wp-content/uploads/2013/08/10_gurney_jme_molecular_recycling.pdf
http://www.greenchemistrycommitment.org/wp-content/uploads/2013/08/11_VBT-Photoresist-Patterning.doc
http://www.greenchemistrycommitment.org/wp-content/uploads/2013/08/12_A-Greener-Synthesis-Creatine.doc
http://www.greenchemistrycommitment.org/wp-content/uploads/2013/08/13_Greener-approaches-Aqueous-Grignard.pdf
http://www.greenchemistrycommitment.org/wp-content/uploads/2013/08/14_Greener-approaches-Benzoin-Condensation.pdf
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Microwave Diels-Alder Chemistry Concepts: concerted reactions, atom economy, energy 

minimization, microwave energy, Developed by Siena College 

Greener Pechmann Rxn Chemistry Concepts: acid catalysis, heterogeneous catalysis, 

Developed by John Warner, Warner Babcock Institute for Green Chemistry 

A Microwave-Assisted Reduction of Cyclohexanone Using Solid-State-Supported 

Sodium Borohydride, L.L. White, K.W. Kittredge, J.Chem.Ed., 2005, 82, 7, 1055. 

 

Toxicology and Environmental Science 

Lettuce Seed Assay Concepts: ecotoxicity, serial dilution, volumetric measurement, 

Developed by Irv Levy, Gordon College 

Daphnia Bioassay Concepts: bioassays, toxicology, LD50, Developed by Beyond Benign 

Greenhouse effect and global warming Concepts: global warming potential, greenhouse 

effect, Developed by Beyond Benign 

 

 

Conferences 

 

07 - 09 September 2015 

Carbon dioxide utilisation 

Sheffield (UK) 

09 - 14 August 2015 

45th IUPAC World Chemistry Congress 

Busan (KR) 

22 - 24 July 2015 

6th International Congress on Energy and Environment Engineering and Management 

Paris (FR) 

20 - 22 July 

International Conference on Chemical and Biochemical Engineering 

Paris (FR) 

15 - 17 July 2015 

International Conference on Sustainable Materials Science and Technology 

Paris (FR) 

http://www.greenchemistrycommitment.org/wp-content/uploads/2013/08/15_EXP-2-Diels-Alder-SP2013-work.docx
http://www.greenchemistrycommitment.org/wp-content/uploads/2013/08/16_Greener-approaches-Solid-Pechmann.pdf
http://www.greenchemistrycommitment.org/wp-content/uploads/2013/08/18_Lettuce-Seed-Assay_The-dose-makes-the-poison.doc
http://www.greenchemistrycommitment.org/wp-content/uploads/2013/08/19_Daphnia-Bioassay-LD50.docx
http://www.greenchemistrycommitment.org/wp-content/uploads/2013/08/21_Greenhouse-effect-and-global-warming.docx
http://www.chemistry-conferences.com/2015/09/07%20-%2009%20Carbon%20dioxide%20utilisation%20%28FD183%29%20%28Sheffield%20-%20UK%29.htm
http://www.chemistry-conferences.com/2015/08/09%20-%2014%20IUPAC%20World%20Chemistry%20Congress%20%28Busan%20-%20KR%29.htm
http://www.chemistry-conferences.com/2015/07/22%20-%2024%20International%20Congress%20on%20Energy%20and%20Environment%20Engineering%20and%20Management%20%28Paris%20-%20FR%29.htm
http://www.chemistry-conferences.com/2015/07/20%20-%2022%20International%20Conference%20on%20Chemical%20and%20Biochemical%20Engineering%20%28Paris%20-%20FR%29.htm
http://www.chemistry-conferences.com/2015/07/15%20-%2017%20International%20Conference%20on%20Sustainable%20Materials%20Science%20and%20Technology%20%28Paris%20-%20FR%29.htm
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13 - 15 July 2015 

Solid oxide electrolysis: fuels and feedstocks from water and air 

York (UK) 

12 - 15 July 2015 

35th Australasian Polymer Symposium (35aps) 

Gold Coast, AU 

05 - 08 July 2015 

7th International Conference on Green and Sustainable Chemistry (GSC-7) 

Tokyo (JP) 

 

 

Upcoming Events 

 

August 16-17, 2015 

ACS National Meeting, Boston, MA, A state-of-the art CHED symposium on 

Toxicology for Chemists, Toxicology Session Flyer,Boston ACS meeting, For more 

details: http://www.greenchemistrycommitment.org/contact/ 

  

October 25-28, 2015 

AASHE 2015 Conference & Expo: Transforming Sustainability Education, 

Minneapolis, MN,  Panel Discussion on October 27th: Using Green Chemistry to 

Introduce and Promote Sustainability in the Chemistry Curriculum and 

Profession, http://www.aashe.org/conference/2015/ 

 

 

Webinar 

 

Upcoming Webinars 

2005 Fall webinars:  http://www.greenchemistrycommitment.org/ 

 

Past Webinars 

http://www.greenchemistrycommitment.org/resources/webinar-series/webinar-archive/ 

April 15, 2015: Greening your ACS Student Chapter: Models of Success 

March 31, 2015: Student Led Green Chemistry Initiatives 

http://www.chemistry-conferences.com/2015/07/13%20-%2015%20Solid%20oxide%20electrolysis%20-%20fuels%20and%20feedstocks%20from%20water%20and%20air%20%28FD182%29%20%28York%20-%20UK%29.htm
http://www.chemistry-conferences.com/2015/07/12%20-%2015%20Australasian%20Polymer%20Symposium%20%28Gold%20Coast%20-%20AU%29.htm
http://www.chemistry-conferences.com/2015/07/05%20-%2008%207th%20International%20Conference%20on%20Green%20and%20Sustainable%20Chemistry%20%28Tokyo%20-%20JP%29.htm
http://www.greenchemistrycommitment.org/wp-content/uploads/2013/06/Toxicology-Session-Flyer.pdf
http://www.acs.org/content/acs/en/meetings/fall-2015.html
http://www.greenchemistrycommitment.org/contact/
http://www.aashe.org/conference/2015/
http://www.greenchemistrycommitment.org/
http://www.greenchemistrycommitment.org/resources/webinar-series/webinar-archive/
http://www.greenchemistrycommitment.org/resources/webinar-series/webinar-archive/
http://www.greenchemistrycommitment.org/resources/webinar-series/webinar-archive/
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February 17, 2015: Teaching Toxicology: Model Courses and Novel Approaches 

February 3, 2015: Embedding Toxicology into the Chemistry Curriculum 

November 19, 2014: Modernizing the Organic Chemistry  

October 15, 2014: Green Chemistry: The Missing Element in Chemistry  

 

 

Selected Articles 

 

Analytical Chemistry 

 

Green chemistry and the evolution of flow analysis. A review 

Analytica Chimica Acta 714 (2012) 8– 19 

Flow analysis has achieved its majority as a well-established tool to solve analytical 

problems. Evolution of flow-based approaches has been analyzed by diverse points of 

view, including historical aspects, the commutation concept and the impact on analytical 

methodologies. In this overview, the evolution of flow analysis towards green analytical 

chemistry is demonstrated by comparing classical procedures implemented with different 

flow approaches. The potential to minimize reagent consumption and waste generation 

and the ability to implement processes unreliable in batch to replace toxic chemicals are 

also emphasized. Successful applications of greener approaches in flow analysis are also 

discussed, focusing on the last 10 years. 

 

Stir-bar sorptive extraction – 15 years making sample preparation more environment 

friendly 

Trends in Analytical Chemistry ( Accepted Manuscript) 

The first scientific article on stir-bar sorptive extraction (SBSE) was published 15 years 

ago and, since then, several improvements and hundreds of applications in almost all 

scientific areas have been published. Since the very beginning, one of the most 

interesting features of this analytical tool is that complies with the requirements of the 

Green Analytical Chemistry principles. As a consolidated sample-preparation approach, 

SBSE has shown great capacity for static microextraction and outstanding performance 

in operating at the ultra-trace level, particularly if complex systems are involved. Also, 

SBSE is very effective, is more easily manipulated than other techniques, and shows 

great reproducibility mainly for the analysis of priority and emerging organic compounds. 

This contribution describes advancements in SBSE in the past 15 years, accounting for 

its progression as an environment-friendly technique. 

 

Greener derivatization in analytical chemistry 

Trends in Analytical Chemistry 61 (2014) 1–10 

Greening extraction techniques to improve the sensitivity and the selectivity of analytical 

methods is the sustainable alternative to classical sample-preparation procedures used in 

the past. In this update, we review the main strategies employed in the scientific 

http://www.greenchemistrycommitment.org/resources/webinar-series/webinar-archive/
http://www.greenchemistrycommitment.org/resources/webinar-series/webinar-archive/
http://www.greenchemistrycommitment.org/resources/webinar-series/webinar-archive/
http://www.greenchemistrycommitment.org/resources/webinar-series/webinar-archive/
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literature to reduce deleterious side-effects of extraction techniques. We demonstrate that 

the evolution of sample-treatment procedures is focused on the simultaneous 

improvement of the main analytical features of the method and its practical aspects, 

including the economic case. 

 

The role of green extraction techniques in Green Analytical Chemistry 

Trends in Analytical Chemistry (2015) 

Greening extraction techniques to improve the sensitivity and the selectivity of analytical 

methods is the sustainable alternative to classical sample-preparation procedures used in 

the past. In this update, we review the main strategies employed in the scientific 

literature to reduce deleterious side-effects of extraction techniques. We demonstrate that 

the evolution of sample-treatment procedures is focused on the simultaneous 

improvement of the main analytical features of the method and its practical aspects, 

including the economic case. 

 

Simultaneous extraction, identification and quantification of phenolic compounds in 

Eclipta prostrata using microwave-assisted extraction combined with 

HPLC–DAD–ESI–MS/MS 

Food Chemistry 188 (2015) 527–536 

A simple and rapid method was developed using microwave-assisted extraction (MAE) 

combined with HPLC–DAD–ESI–MS/MS for the simultaneous extraction, identification, 

and quantification of phenolic compounds in Eclipta prostrata, a common herb and 

vegetable in China. The optimized parameters of MAE were: employing 50% ethanol as 

solvent, microwave power 400 W, temperature 70 _C, ratio of liquid/solid 30 mL/g and 

extraction time 2 min. Compared to conventional extraction methods, the optimized 

MAE can avoid the degradation of the phenolic compounds and simultaneously obtained 

the highest yields of all components faster with less consumption of solvent and energy. 

Six phenolic acids, six flavonoid glycosides and one coumarin were firstly identified. 

The phenolic compounds were quantified by HPLC–DAD with good linearity, precision, 

and accuracy. The extract obtained by MAE showed significant antioxidant activity. The 

proposed method provides a valuable and green analytical methodology for the 

investigation of phenolic components in natural plants. 

 

Applying green analytical chemistry (GAC) for development of stability indicating 

HPLC method for determining clonazepam and its related substances in pharmaceutical 

formulations and calculating uncertainty 

Arabian Journal of Chemistry (article in press) 

Clonazepam contains one benzodiazepine ring in its chemical structure which makes it 

vulnerable to degradation. In this study, green analytical chemistry approach was applied 

in attempts for the development of validated stability indicating RP-HPLC method for 

determining clonazepam and its related substances in pharmaceutical formulation. 

Validation has been performed according to ICH guidelines. Assay was capable of 

simultaneous monitoring of the intact drug in the presence of its related substances 

within the same run. HPLC assay involved an ODS column and a mobile phase 

composed of 2% sodium dodecyl sulfate, 0.05 M sodium acetate buffer pH 3.5 and 

isopropanol in ratio (25:55:20) at a flow rate of 1.5 mL/min and detection was carried 

out at 254 nm. HPLC method allowed good resolution between the peaks that 

corresponded to the active pharmaceutical ingredients and its degradation products with 

good linearity, precision, accuracy, specificity, LOD and LOQ. The expanded 

uncertainty (0.33%) of the method was also estimated from method validation data. This 
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analytical technique is not only ecofriendly but also faster than the conventional liquid 

chromatographic system official in the USP-36. 

 

Determination of phosphate in soil extracts in the field: A green chemistry enzymatic 

method 

MethodsX 2 (2015) 211–218 

Measurement of ortho-phosphate in soil extracts usually involves sending dried samples 

of soil to a laboratory for analysis and waiting several weeks for the results. Phosphate 

determination methods often involve use of strong acids, heavy metals, and organic dyes. 

To overcome limitations of this approach, we have developed a phosphate determination 

method which can be carried out in the field to obtain results on the spot. This new 

method uses: _ Small volumes. _ An enzymatic reaction. _ Green chemistry. First, the 

soil sample is extracted with deionized water and filtered. Next, an aliquot of the soil 

extract (0.5 mL) is transferred to a disposable cuvette, containing 0.5 mL of reaction 

mixture [200 mM HEPES, pH 7.6, 20 mM MgCl2, with 80 nmol 

2-amino-6-mercapto-7-methylpurine ribonucleoside (MESG) and 1 unit of recombinant 

purine nucleoside phosphorylase (PNP; EC 2.4.2.1)], mixed, and incubated for 10 min at 

field temperature. Absorbance of the completed reaction is measured at 360 nm in 

open-source, portable photometer linked by bluetooth to a smartphone. The phosphate 

and phosphorus content of the soil is determined by comparison of its absorbance at 360 

nm to a previously prepared standard phosphate curve, which is stored in the smartphone 

app. 

 

Catalysis 

 

Catalytic oxygenation of organic substrates: Toward greener ways for incorporating 

oxygen 

Inorganica Chimica Acta 431 (2015) 21–47 

The incorporation of oxygen to organic substrates has been matter of great interest in 

chemistry. With the growing concern for the environment, this reaction has also been 

subject of investigation to bring out more environmentally friendly systems. The use of 

hydrogen peroxide or nitrous oxide as oxidants can become an alternative to more 

pollutant compounds and, even though these generate by-products, the latter are 

considered benign. Besides that, the transformation of environmentally harmful 

chemicals, such as N2O, into more benign products, is desirable. This review 

summarizes the advances from the past decade in the field of homogeneous oxygenation 

using transition metal catalysts and H2O2 or N2O as oxygen sources. For H2O2, 

emphasis has been done in the contributions on oxidative functionalization of alkanes 

using metals from the groups 7 and 8, and the oxidation of organosulfur compounds, 

focused on the systems with potential to perform oxidative desulfurization and those that 

mediate sulfoxidation. For N2O, the activation of the oxidant at metal centers is 

discussed, even if the complexes do not engage yet in catalytic systems, since the 

coordination compounds obtained could potentially perform as catalysts in several 

oxygen atom transfer reactions. The main activation pathways of the oxidants, as well as 

the efficiency and selectivity of the systems is discussed. 

 

Cleaner Production 

 

The development of Green Chemistry in Russia as a tool to improve the competitiveness 

of chemical products [an opinion poll] 



11 
 

Journal of Cleaner Production 83 (2014) 491e496 

The authors suggest that the World Trade Organization accession could be an important 

driving force for the implementation of sustainable development practices in the industry 

of certain countries. Developed economies are beginning to introduce green chemistry 

principles into their industrial processes and these practices are regarded as the best tool 

for promoting sustainable development. At the same time, the knowledge and practices 

originating from green chemistry principles are absent among enterprises of the Russian 

chemical sector. Russian chemical industry requires significant changes in order to adapt 

to the World Trade Organization requirements by 2017. In order to assess the impact of 

the World Trade Organization accession on the development of sustainable practices in 

the industry of certain countries, the authors launch a long-term assessment of the 

diffusion of ideas and practices of green chemistry principles among Russian chemical 

enterprises during the period of its adaptation to the World Trade Organization 

requirements. The current article introduces the concept of the potential role of the 

World Trade Organization as a driving force for sustainability transition and describes 

the results of the first sociological studies measuring the understanding of green 

chemistry principles within the management of Russian chemical enterprises. Final 

conclusions will be made on the basis of a series of interviews and quantitative research. 

 

Agricultural solid wastes for green desiccant applications: an overview of research 

achievements, opportunities and perspectives 

Journal of Cleaner Production 91 (2015) 26e35 

Rapid industrialization created an unending production of agricultural wastes. The 

utilization of agricultural solid wastes as an energy source or converted material is 

proposed as a viable solution of reducing pollution and improving the economy. The 

substitution of agricultural solid wastes for chemical desiccants is a research area that 

requires careful study. Desiccant-cooling systems have discussed as an applied example 

for green desiccant application. This work will attempt to study the role and prospect of 

green desiccants in desiccant-cooling systems from agricultural waste material. One of 

the most important steps in evaluating agricultural waste application is the collection of 

comprehensive data on the chemical and physical structures and properties of the waste 

materials. This study reveals that the experimental characterization is required to 

determine whether or not agricultural solid wastes are viable desiccants. 

Characterizations identify the specific treatments necessary to make these materials more 

efficient. Studies show the porosity enhancement which provides more accessible areas 

and increasing the number of hydrophilic site on the material will increase its viability 

for water absorption properties. The findings of this paper enable scholars to optimize 

both the costs and the technical performance of agricultural solid wastes as desiccant 

materials. The challenges and some recommendations regarding the application of 

agricultural wastes as desiccant materials are presented as well. 

 

Education 

 

Green Chemistry for Postgraduates 

Educ. quim., 24 (num. extraord. 1), 150-155, 2013. 

Multidisciplinary nature of Green Chemistry is recognised worldwide as a route to the 

development of chemical products and processes with lower environmental impact. 

Green chemistry and sustainability have had a profound effect on the way industry wish 

to be perceived. To promote uptake of green and sustainable methodologies amongst the 

chemical and chemical-using industries requires the exemplification of green chemistry 
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in education and training material to influence and inspire the next generation of 

scientists. Herein, we examine important aspect of successful graduate green chemistry 

courses and how the skills gained from such studies can open doors to careers in a wide 

cross section of chemistry related industries. 

 

Electrochemistry 

 

Novel approach to recover cobalt and lithium from spent lithium-ion 

battery using oxalic acid 

Journal of Hazardous Materials 295 (2015) 112–118 

With the booming of consumer electronics (CE) and electric vehicle (EV), a large 

number of spent lithiumion battery (LIBs) have been generated worldwide. Resource 

depletion and environmental concern driven from the sustainable industry of CE and EV 

have motivated spent LIBs should be recovered urgently. However, the conventional 

process combined with leaching, precipitating, and filtering was quite complicated to 

recover cobalt and lithium from spent LIBs. In this work, we developed a novel recovery 

process, only combined with oxalic acid leaching and filtering. When the optimal 

parameters for leaching process is controlled at 150 min retention time, 95 ◦C heating 

temperature, 15 g L−1 solid–liquid ratio, and 400rpm rotation rate, the recovery rate of 

lithium and cobalt from spent LIBs can reach about 98% and 97%, respectively. 

Additionally, we also tentatively discovered the leaching mechanism of lithium cobalt 

oxide (LiCoO2) using oxalic acid, and the leaching order of the sampling LiCoO2 of 

spent LIBs. All the obtained results can contribute to a short-cut and high-efficiency 

process of spent LIBs recycling toward a sound closed-loop cycle. 

 

Electrochemical supercapacitor behaviour of a-Ni(OH)2 nanoparticles synthesized via 

green chemistry route 

Journal of Electroanalytical Chemistry 727 (2014) 53–58 

Nickel hydroxide nanoparticles were synthesized at low temperature by simple green 

synthesis method using starch as the capping agent and water as the solvent. The 

structure and morphology of the nickel hydroxide particles were characterized by X-ray 

diffraction (XRD), field emission scanning electron microscopy (FESEM), and 

transmission electron microscopy (TEM). The prepared a-nickel hydroxide nanoparticles 

were found to be crystalline. The TEM images reveal the nanostructure of the nickel 

hydroxide. The average particle size of the nanoparticle estimated from the TEM 

measurement was 15 nm. Electrochemical investigations were carried out using cyclic 

voltammetry, charge–discharge and impedance analysis. From cyclic voltammetric 

studies, maximum specific capacitance of 534 Fg_1 was obtained at a scan rate of 2 mV 

s_1. 

 

Environments 

 

Effect of a new regeneration process by adsorption-coagulation and flocculation on the 

physicochemical properties and the detergent efficiency of regenerated cleaning 

solutions 

Journal of Environmental Management 155 (2015) 1e10 

Reprocessing soiled cleaning-in-place (CIP) solutions has large economic and 

environmental costs, and it would be cheaper and greener to recycle them. In food 

industries, recycling of CIP solutions requires a suitable green process engineered to take 

into account the extreme physicochemical conditions of cleaning while not altering the 
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process efficiency. To this end, an innovative treatment process combining 

adsorption-coagulation with flocculation was tested on multiple recycling of acid and 

basic cleaning solutions. In-depth analysis of time-course evolutions was carried out in 

the physicochemical properties (concentration, surface tension, viscosity, COD, total 

nitrogen) of these solutions over the course of successive regenerations. Cleaning and 

disinfection efficiencies were assessed based on both microbiological analyses and 

organic matter detachment and solubilization from fouled stainless steel surfaces. 

Microbiological analyses using a resistant bacterial strain (Bacillus subtilis spores) 

highlighted that solutions regenerated up to 20 times maintained the same bactericidal 

efficiency as de novo NaOH solutions. The cleanability of stainless steel surfaces 

showed that regenerated solutions allow better surface wettability, which goes to explain 

the improved detachment and solubilization found on different types of organic and 

inorganic fouling. 

 

Inorganic Chemistry 

 

Recyclable and reusable Pd(OAc)2/P(1-Nap)3/[bmim][PF6]/H2O system for the 

addition of arylboronic acids to aldehydes 

Journal of Organometallic Chemistry 777 (2015) 50e56 

A stable and efficient Pd(OAc)2/P(1-Nap)3[tri(1-naphthyl)phosphine] catalytic system 

for the addition of arylboronic acids to aldehydes has been developed. In the presence of 

Pd(OAc)2 and P(1-Nap)3, the addition reaction of arylboronic acids with aldehydes was 

carried out smoothly at 65 _C to give a variety of carbinol derivatives in good to 

excellent yields using a mixture of [bmim][PF6] and water as the solvent. The isolation 

of the products was readily performed by the extraction with diethyl ether, and the 

Pd(OAc)2/P(1-Nap)3/[bmim][PF6]/H2O system could be easily recycled and reused six 

times without significant loss of catalytic activity. Our system not only avoids the use of 

easily volatile THF or toluene as solvent but also solves the basic problem of palladium 

catalyst and these phosphine ligand reuse.  

 

Metal-catalyzed organic reactions using mechanochemistry 

Tetrahedron Letters 56 (2015) 4253–4265 

The past decade has witnessed an explosive growth of interest in mechanochemical 

reactions by milling or grinding, and rapid expansion of mechanochemical 

methodologies into different areas of chemistry, from supramolecular chemistry and 

organic synthesis to metal–organic frameworks and nanoparticle synthesis. This Digest 

Letter highlights the recent advances in metal-catalyzed mechanochemical reactions, one 

of the most rapidly developing areas of modern organic mechanosynthesis. 

 

Green synthesis, characterization and antimicrobial activities of z zincoxide 

nanoparticles from the leaf extract of Azadirachta indica (L.) 

Applied Surface Science 345 (2015) 329–336 

The synthesis of metal and semiconductor nanoparticles is an expanding research area 

due to the potentialapplications in the development of novel technologies. Especially, 

biologically synthesized nanomaterialhas become an important branch of 

nanotechnology. The present work, described the synthesis of zincoxide nanoparticles 

(ZnO NPs) using leaf aqueous extract of Azadirachta indica (L.) and its 

antimicrobialactivities. The nanoparticles was obtain characterized by UV–Vis 

spectroscopy, Photoluminescence (PL),X-ray diffraction (XRD), Fourier transform 

infrared spectroscopy (FTIR), Scanning electron microscope(SEM) analysis, Energy 
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dispersive X-ray analysis (EDAX), Field emission scanning electron 

microscopy(FESEM) and Atomic force microscope (AFM) analysis. In this study we 

also investigated antimicrobialactivity of green synthesized ZnO NPs. The results 

depicted concentration of ZnO NPs was increased(50, 100, 200_g/mL) and also increase 

in antimicrobial activities was due to the increase of H2O2concentration from the 

surface of ZnO. However, green synthesized ZnO NPs was more potent thanBare ZnO 

and leaf of A. indica. Finally concluded the zinc oxide nanoparticles exhibited an 

interestingantimicrobial activity with both Gram positive and Gram negative bacterial 

and yeast at micromolarconcentration. 

 

Tailored functionalization of iron oxide nanoparticles for MRI, drug delivery, magnetic 

separation and immobilization of biosubstances 

Biotechnology Advances xxx (2015) xxx–xxx 

In this critical review, we outline various covalent and non-covalent approaches for the 

functionalization of iron oxide nanoparticles (IONPs). Tuning the surface chemistry and 

design of magnetic nanoparticles are described in relation to their applicability in 

advanced medical technologies and biotechnologies including magnetic resonance 

imaging (MRI) contrast agents, targeted drug delivery, magnetic separations and 

immobilizations of proteins, enzymes, antibodies, targeting agents and other 

biosubstances.We review synthetic strategies for the controlled preparation of IONPs 

modified with frequently used functional groups including amine, carboxyl and hydroxyl 

groups as well as the preparation of IONPs functionalized with other species, e.g., epoxy, 

thiol, alkane, azide, and alkyne groups. Three main coupling strategies for linking 

IONPswith active agents are presented: (i) chemical modification of amine groups on the 

surface of IONPs, (ii) chemical modification of bioactive substances (e.g. with 

fluorescent dyes), and (iii) the activation of carboxyl groups mainly for enzyme 

immobilization. Applications for drug delivery using click chemistry linking or 

biodegradable bonds are compared to noncovalent methods based on polymer modified 

condensed magnetic nanoclusters. Among many challenges, we highlight the specific 

surface engineering allowing both therapeutic and diagnostic applications (theranostics) 

of IONPs and magnetic/metallic hybrid nanostructures possessing a huge potential in 

biocatalysis, green chemistry, magnetic bioseparations and bioimaging. 

 

Photocatalytic degradation of trichloroethylene in a continuousannular reactor using 

Cu-doped TiO2catalysts by sol–gel synthesis 

Applied Catalysis B: Environmental 179 (2015) 249–261 

tIn this work, we present the capability to address sustainability at the molecular level for 

Green Chemistry.Cu-doped (up 0.5 wt%) TiO2catalysts were prepared by sol–gel, 

calcined at 500◦C supported on quartztubes, and placed into a continuous annular reactor 

to degrade a trichloroethylene (TCE)/air mix in moiststream. To understand how the Cu 

content affects the photocatalytic activity of the modified catalyst,the deposited and 

calcined washcoat on the quartz materials was characterized. The powder catalystswere 

also characterized to correlate their properties with their behavior on the quartz tubes and 

in thetests using a continuous photocatalytic reactor. A Langmuir–Hinshelwood kinetic 

model that considerstwo active sites (one for active TCE molecules and the other for 

active H2O molecules) was fitted tothe reaction data. The catalyst doped with 0.2 wt% 

Cu showed the best performance in the degradationtests. Notably, this catalyst differed 

from the other three with 0, 0.05 and 0.5 wt% Cu because it had thelowest Egand 

uniform porosity. The activation energy and adsorption thermodynamic property 

constantsdemonstrated that 0.2 wt% Cu content favored the mobility of both molecules, 
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while 0.5 wt% Cu stronglyobstructed the active sites through bonding with water. 

 

Materials Science 

 

A comparative study of the effect of α-, β-, and γ-cyclodextrins as stabilizing agents in 

the synthesis of silver nanoparticles using a green chemistry method 

Materials Science and Engineering C 43 (2014) 21–26 

This paper describes the effect of different types of cyclodextrins (CDs) in the synthesis 

of silver nanoparticles (Ag-NPs), using an easy green chemistry method. The Ag-NPs 

were obtained using an aqueous silver nitrate solution (AgNO3) with α-, β-, or γ-CDs 

(aqueous solutions) as stabilizing agents, employing the chemical reduction method with 

citric acid as a reducing agent. A comparative study was done to determinewhich 

cyclodextrin (CD)was the best stabilizing agent, and we found out that β-CDwas the best 

due to the number of glucopyranose units in its structure. The formation of the Ag-NPs 

was demonstrated by analysis of UV–vis spectroscopy, atomic force microscopy (AFM), 

scanning electron microscopy–energy dispersive spectroscopy (SEM–EDS) and 

transmission electron microscopy (TEM). SEM–EDS showed the formation of a cluster 

with a significant amount of silver, for β-CDAg-NPs, spherical agglomerates can be 

observed. However, for α-, γ-CD, the agglomerates do not have a specific form, but their 

appearance is porous. TEManalysis shows spherical nanoparticles in shape and size 

between ~0.5 to 7 nm. The clear lattice fringes in TEMimages and the typical selected 

area electron diffraction (SAED) pattern, showed that the Ag-NPs obtained were highly 

crystalline with a face cubic center structure (FCC). 

 

Microwave 

 

Solvent-free microwave extraction of bioactive compounds provides a tool for green 

analytical chemistry 

Trends in Analytical Chemistry, Vol. 47, 2013 

An overview on solvent-free microwave-extraction techniques of bioactive compounds 

from natural products is presented. This new technique is based on the concept of green 

analytical chemistry. It has proved to be an alternative to other techniques with the 

advantages of reducing extraction times, energy consumption, solvent use and CO2 

emissions. 

 

Green chemistry focus on optimization of silver nanoparticles using response surface 

methodology (RSM) and mosquitocidal activity: Anopheles stephensi (Diptera: 

Culicidae) 

Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy 149 (2015) 

978–984 

There is an exigent necessity for development of environmental friendly bio-control 

agent(s) for elimination of mosquito due to increased resistance resurgence against 

synthetic control agents. Mosquito control strategy will lay a strong foundation to 

malaria exclusion or it can be curbed to certain level especially in the developing nations. 

In this study, silver nanoparticles were synthesized by green chemistry approach using 

Tridax procumbens leaf extract as a reducing agent. The reaction medium involved in 

the synthesis process was optimized by statistical experimental design using response 

surface methodology to obtain better yield, uniform size, shape and stability. Further, 

these synthesized nanoparticles were confirmed through UV–Visible, FT-IR 

spectroscopy, PSA and SEM Subsequently, the bioefficacy of these particles were 
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investigated on Anopheles stephensi for larvicidal and pupicidal activity. Interestingly, 

time period of 90 min, temperature of 76 ± 2 _C, pH 7.2 ± 2, 2 mM silver nitrate 

(AgNO3), 3 mM PEG and 2 mM PVP showed excellent parameters for bioprocess 

design for large scale production of stabilized nanoparticles. A concentration of 5 ppm of 

PVP stabilized nanoparticles exhibited 100% mortality. Thus, the obtained results clearly 

suggest that silver nanoparticles stabilized by PEG and PVP may have important 

function as stabilizers, dispersants as well as larvicides for mosquito control. 

 

Organic Chemistry 

 

High valent FeIV chemistry in sustainable oxidation catalysis 

Tetrahedron Letters 56 (2015) 2369–2376 

Recent research in oxidation catalysis has focused on employing first-row metals with a 

lower environmental impact than their traditional counterparts. Iron is particularly suited 

for this task since the discovery of isolable non-heme iron(IV) complexes over a decade 

ago. This Letter summarizes the developments in the last decade for oxidation of organic 

substrates that proceed through iron(IV) intermediates. Eight separate oxidation 

reactions are reviewed. 

 

Sulfonic acid functionalized Wang resin (Wang-OSO3H) as polymeric acidic catalyst for 

the eco-friendly synthesis of 2,3-dihydroquinazolin-4(1H)-ones 

Tetrahedron Letters xxx (2015) xxx–xxx 

An efficient and green approach has been developed for the synthesis of 2-substituted 

2,3-dihydroquinazolin-4(1H)-ones directly from corresponding substituted aromatic and 

aliphatic aldehyde and anthranilamide using recyclable polymer supported sulfonic acid 

catalyst under aqueous conditions. Environmental acceptability, operational simplicity, 

low cost, excellent functional group compatibility, and high yields are the important 

features of this protocol. 

 

Green synthesis of AgI-reduced graphene oxide nanocomposites:Toward enhanced 

visible-light photocatalytic activity for organicdye removal 

Applied Surface Science 341 (2015) 175–184 

tNovel reduced graphene oxide (RGO) enwrapped AgI nanocomposites were 

successfully fabricated bya facile template-free ultrasound-assisted method at room 

temperature. The structural, morphological,and optical studies demonstrate that the 

obtained nanostructures have good crystallinity and that thegraphene nanosheets are 

decorated densely with AgI nanostructures. The photocatalytic activity of thecomposite 

was evaluated by the degradation of an organic dye, Rhodamine B (RhB), under 

visible-lightirradiation. The results indicate that AgI with incorporated graphene 

exhibited much higher photocat-alytic activity than the pure AgI due to the improved 

separation efficiency of the photogenerated carriersand that it prolonged the lifetime of 

the electron–hole pairs due to the chemical bonding between AgIand graphene. AgI (0.4 

mg mL−1of graphene oxide) nanocomposites displayed the highest 

photocatalyticdegradation efficiency and the corresponding catalytic efficiencies within 

70 min were ∼96%. Moreover,with the assistance of H2O2the photocatalytic ability of 

the as-obtained AgI-RGO nanocomposites wasenhanced. The corresponding catalytic 

efficiencies within 30 min were ∼96.8% (for 1 mL H2O2) underthe same irradiation 

conditions. The excellent visible-light photocatalytic efficiency and 

luminescenceproperties make the AgI-RGO nanocomposites promising candidates for 

the removal of organic dyes forwater purification and enable their application in 
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near-UV white LEDs. 

 

Cu2O/nano-CuFe2O4: A novel and recyclable magnetic catalyst for three-component 

coupling of carbonyl compounds–alkynes–amines under solvent-free condition 

Catalysis Communications 66 (2015) 15–20 

Cu2O/nano-CuFe2O4 magnetic composite with different loadings of Cu2O has been 

synthesized by feasible and low-cost method. The as-prepared composite was fully 

characterized by FT-IR, XRD, FEG-SEM, EDS and VSM analyzer. The catalytic 

activity of magnetic composite for synthesis of propargylamines was evaluated. The 

catalyst has many obvious advantages and easily separated via an external magnet. It can 

be reused for five successive runs. 

 

Environment-friendly green chemistry approaches for an efficient synthesis of 

1-amidoalkyl-2-naphthols catalyzed by tannic acid 

Arabian Journal of Chemistry (in press) 

A new, facile, cost-effective and environment-friendly protocol is reported for the 

synthesis of 1-amidoalkyl-2-naphthols exploring tannic acid as a novel, cheap and 

biodegradable catalyst. b-naphthol is condensed with substituted aromatic aldehydes and 

various amides using catalytic amount of tannic acid in the absence of solvent under 

thermal (hot plate and oil bath) and microwave irradiation techniques. This green 

protocol offers many advantages such as short reaction time, use of environment-friendly 

and cheap catalyst and good to excellent yields. 

 

Solvent 

 

Polyethylene glycol (PEG) as a green solvent for carbon–carbon bond 

formation reactions 

Journal of Molecular Liquids 207 (2015) 73–79 

In recent years, polyethylene glycol (PEG) has attracted special attention as a green and 

inexpensive solvent in various chemical transformations. The current critical review 

deals with breakthrough achievements for the applications of PEG as an alternative 

reaction media well-known coupling reactions such as Suzuki, Heck, Stille, Sonogashira, 

Hiyama and some challenging organic reactions for carbon–carbon bond formation. 

 

Neoteric FT-IR investigation on the functional groups of phosphonium-based deep 

eutectic solvents 

Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy 149 (2015) 

588–591 

Deep eutectic solvents (DESs) are novel solvent media that are currently under 

investigation as an alternative to ionic liquids and conventional solvents. The physical 

properties of DESs as well as their mild environmental footprint and potentially critical 

industrial application necessitate understanding the interaction of functional groups on 

both the salt and hydrogen bond donor (HBD). In this study, four DESs were prepared 

by mixing triethylenglycol, diethylenglycol, ethylenglycol, and glycerol as HBDs with 

methyltriphenylphosphonium bromide as a salt at a molar ratio of 1:4. Fourier transform 

infrared spectroscopy was conducted to highlight the chemical structure and mechanism 

of the combination of the four DESs. New spectra illustrating the combination of the 

functional groups of the HBDs and salt were observed and interpreted. This study is the 

first to investigate the properties of neoteric phosphonium-based DESs. 
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Policy 

 

Green chemistry and green engineering in China: drivers, policies and barriers to 

innovation 

Journal of Cleaner Production 32 (2012) 193e203 

With the world’s largest population and consistently rapid rates of economic growth, 

China faces a choice of whether it will move towards a more sustainable development 

trajectory. This paper identifies the different factors driving innovation in the fields of 

green chemistry and green engineering in China, which we find to be largely driven by 

energy efficiency policy, increasingly strict enforcement of pollution regulations, and 

national attention to cleaner production concepts, such as “circular economy.” We also 

identify seven key barriers to the development and implementation of green chemistry 

and engineering in China. They are (1) competition between economic growth and 

environmental agendas, (2) regulatory and bureaucratic barriers, (3) availability of 

research funding, (4) technical barriers, (5) workforce training, (6) industrial engineering 

capacity, and (7) economic and financial barriers. Our analysis reveals that the most 

crucial barriers to green chemistry and engineering innovations in China appear to be 

those that arise from competing priorities of economic growth and environmental 

protection as well as the technical challenges that arise from possessing a smaller base of 

experienced human capital. We find that there is a great deal of potential for both the 

development of the underlying science, as well as its implementation throughout the 

chemical enterprise, especially if investment occurs before problems of technological 

lock-in and sunk costs emerge. 

 

Polymers 

 

Green Chemistry and Green Polymer Chemistry 

Polymer Science: A Comprehensive Reference 2012, Pages 5–14 

Green chemistry or sustainable chemistry is a concept rather than a new science. This 

concept, however, covers consumer expectations in a sustainable environment and the 

efforts of the chemical industry to manufacture and supply useful products that are 

harmless and environmental benign. The green chemistry concept does not create a 

conflict between fossil and renewable raw materials. It does, on the contrary, try to 

preserve valuable but limited fossil resources and further investigate the potential of 

renewable biomass. Precisely in this sense, green polymer chemistry is to be understood 

for the world of plastics and biopolymers. 

 

Comments 

 

Misinterpretation of green chemistry 

Ultrasonics Sonochemistry xxx (2015) xxx–xxx 

The objective of this letter is to educate readers in proper ‘green’ and ‘sustainable’ 

terminology use in their publications and importance of reactant and product toxicity 

information. The reputation and proper categorization of ‘green’ and ‘sustainable’ 

terminologies may be maintained for this important field if their use and justification are 

more carefully considered.  

http://www.sciencedirect.com/science/referenceworks/9780080878621
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資料蒐集: 國立高雄師範大學化學系徐永源教授 
中央研究院化學研究所趙奕姼教授 
國立中央大學化學系博士生王毓傑 

 

「萬物之所成終而所成始也」 

 

綠色永續化學為基的循環經濟 Circular Economy 其基本原則亦是“Reduce, 

Reuse and Recycle”之 3R 原則，每一個原則對循環經濟的成功實施都是必不可少

的。循環經濟是可持續發展的經濟形式，具有三種表現形式即：小循環，杜邦化

學公司模式　　單個企業的循環經濟。中循環，丹麥的卡倫堡生態工業園區模式

－面向共生企業的循環經濟。大循環，德國雙元系統模式-生產與消費之間的循

環經濟。最後成為先進國家的發展方向，形成循環型社會（recycling-based society

體系）體系。然而其涵蓋範圍大，連結之點和面極廣，涉及因素繁多，見效週期

長，是一項涵蓋經濟，社會和環境的龐大的系統。但在全球共識環保法規與國際

間環保貿易愈來愈嚴苛之趨勢下，已為必然之趨勢。(摘錄自勞長春博士之演講) 
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Conferences 

Green Chemistry Conferences in 2016 

18 - 21 September 2016 

Euro Fed Lipid Congress 2016 

Ghent (BE) 

11 - 14 September 2016 

1st International Conference on Sustainable Water Processing 

Sitges (ES) 

15 - 17 August 2016 

4th International Conference on Process Engineering and Advanced Materials 

(ICPEAM2016) 

Kuala Lumpur (MY) 

19 - 22 April 2016 

Carbon Dioxide Catalysis 

Carvoeiro (PT) 

Green Chemistry Conferences in 2015 

04-06 December 2015  

中國化學會年會永續化學論壇(規劃中) 

東華大學 花蓮 http://faculty.ndhu.edu.tw/~ndhu_chem/index.html 

04 - 05 December 2015 

4th Industrial Green Chemistry World Convention & Ecosystem (IGCW-2015) 

Mumbai (IN) 

30 November - 02 December 2015 

CHEMTECH '15 - III. Chemical Engineering and Chemical Technologies 

Istanbul (TK) 
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25 - 27 November 2015 

BIOENG '15 - II. International Bioengineering Conference 

Istanbul (TK) 

17 - 20 November 2015 

3rd Zing Hydrogen & Fuel Cells Conference 

Cancun (MX) 

05 - 07 November 2015 

Applied Nanotechnology and Nanoscience International Conference (ANNIC 2015) 

Paris (FR) 
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Upcoming Events 

October 20, 2015 2:00pm – 3:00pm EDT, the Green Chemistry Education Webinar 

Series continues with Dr. Rich Gurney, Associate Professor, Simmons College, Using 

Green Chemistry Principles As a Framework to Incorporate Research into the Organic 

Laboratory Curriculum, Register Now!  

  

October 25-28, 2015, AASHE 2015 Conference & Expo: Transforming 

Sustainability Education, Minneapolis, MN, Panel Discussion on October 27th 

with Dr. Jane Wissinger (University of Minnesota), Dr. Paul Jackson (St. Olaf College) 

and Dr. Amy Cannon (Beyond Benign): Using Green Chemistry to Introduce and 

Promote Sustainability in the Chemistry Curriculum and Profession, Register Here! 

 

November 21, 2015 

14th Annual Symposium on Sustainability and the Environment, Bridgewater 

State College, MA, A regional symposium dedicated to high school, college and 

university students working on environmental projects, and sustainability issues that 

address problems from a campus, regional, national, or global perspective. Student 

projects covering all academic disciplines are welcome, including completed, in 

progress, and proposed work. Abstracts and Registration due November 9th! 
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Webinar 

 

Upcoming Webinars 

2015 webinars: http://www.greenchemistrycommitment.org/resources/webinar-series/ 
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Green Chemistry Web Information 

 

Green Chemistry Commitment 

http://www.greenchemistrycommitment.org/green-chemistry/ 

The Green Chemistry Commitment (GCC) is a consortium program that unites the 

green chemistry community around shared goals and a common vision to: expand the 

community of green chemists, grow departmental resources, improve connections to 

industry and job opportunities in green chemistry, affect systemic and lasting change 

in chemistry education, The GCC offers access to a broad and supportive community 

of chemistry experts and a flexible framework for green chemistry curriculum and 

training. With multiple pathways to the implementation of green chemistry student 

learning objectives, the Green Chemistry Commitment sets a benchmark to track 

progress on specific learning and research objectives. 

With the GCC, colleges and universities can band together to share resources and 

experience to shift how and what the next generation of chemists learn. Students will 

enter the workforce armed with the necessary skills and knowledge to be leaders in 

making the principles of green chemistry standard practice in all branches of the 

chemical sciences 

 

Nature Outlook: Batteries 

http://links.ealert.nature.com/ctt?kn=16&ms=NDk4ODk0MzUS1&r=MTc3MDczODM

2OAS2&b=2&j=Nzg0MDY3MjY0S0&mt=1&rt=0 

 

Endangered elements   

http://www.acs.org/content/acs/en/greenchemistry/research‐innovation/research‐t

opics/endangered‐elements.html 
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Selected Articles  

 

Analytical Chemistry 

 

A green chemistry approach for nanoencapsulation of bioactive compound – 

Curcumin 

LWT - Food Science and Technology  65(2016) 695–702 

It is quite common to use inorganic/organic solvents during the encapsulation of 

curcumin. Therefore, it is not suitable to realize the food applications of this bioactive 

compound. In the present work, the objective was to employ a solvent-free green 

chemistry approach to encapsulate curcumin in nano-form. The milk fat was used as 

oil medium and the milk protein sodium caseinate as a wall material. Varied 

concentrations of wall material were systemically studied and the transmission 

electron microscopic images confirmed the particle size of spray dried powder to be 

in the range of 40–250 nm. The encapsulation efficiency was calculated to be 91% 

and loading capacity was 0.9% with respect to 0.99% theoretical loading for the 

sample having an optimum amount of 5% of wall material. The antioxidant activities 

of this nanoencapsulated curcumin were found to be higher than its native 

counterpart. 

 

Green analytical chemistry introduction to chloropropanols determination at no 

economic and analytical performance costs? 

Talanta  147( 2016) 282–288 

In this study we perform ranking of analytical procedures for 

3-monochloropropane-1,2-diol determination in soy sauces by PROMETHEE method. 

Multicriteria decision analysis was performed for three different scenarios – 

metrological, economic and environmental, by application of different weights to 

decision making criteria. All three scenarios indicate capillary electrophoresis-based 

procedure as the most preferable. Apart from that the details of ranking results differ 

for these three scenarios. 

The second run of rankings was done for scenarios that include metrological, 

economic and environmental criteria only, neglecting others. These results show that 

green analytical chemistry-based selection correlates with economic, while there is no 

correlation with metrological ones. This is an implication that green analytical 

chemistry can be brought into laboratories without analytical performance costs and it 
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is even supported by economic reasons. 

 

Using an innovative combination of quality-by-design and green analytical chemistry 

approaches for the development of a stability indicating UHPLC method in 

pharmaceutical products 

Journal of Pharmaceutical and Biomedical Analysis  115(2015)114–122 

An innovative combination of green chemistry and quality by design (QbD) approach 

is presented through the development of an UHPLC method for the analysis of the 

main degradation products of dextromethorphan hydrobromide. QbD strategy was 

integrated to the field of green analytical chemistry to improve method understanding 

while assuring quality and minimizing environmental impacts, and analyst exposure. 

This analytical method was thoroughly evaluated by applying risk assessment and 

multivariate analysis tools. After a scouting phase aimed at selecting a suitable 

stationary phase and an organic solvent in accordance with green chemistry principles, 

quality risk assessment tools were applied to determine the critical process parameters 

(CPPs). The effects of the CPPs on critical quality attributes (CQAs), i.e., resolutions, 

efficiencies, and solvent consumption were further evaluated by means of a screening 

design. A response surface methodology was then carried out to model CQAs as 

function of the selected CPPs and the optimal separation conditions were determined 

through a desirability analysis. Resulting contour plots enabled to establish the design 

space (DS) (method operable design region) where all CQAs fulfilled the 

requirements. An experimental validation of the DS proved that quality within the DS 

was guaranteed; therefore no more robustness study was required before the 

validation. Finally, this UHPLC method was validated using the concept of total error 

and was used to analyze a pharmaceutical drug product. 

 

Green sample-preparation methods using room-temperature ionic liquids for the 

chromatographic analysis of organic compounds 

TrAC Trends in Analytical Chemistry  71( 2015) 144–156 

Room-temperature ionic liquids (RTILs) are novel solvents composed entirely of ions. 

They can dissolve a wide range of compounds, while some possess virtually no vapor 

pressure over a wide temperature range, and have high thermal stability, low toxicity, 

and low flammability, properties desirable of green solvents. Applications that take 

advantage for their characteristic properties are starting to appear regularly embodied 

in techniques, such as liquid-phase microextraction, solid-phase microextraction, and 

microwave-assisted extraction. In this review, we present a contemporary picture of 

how, where and when to use ILs in sample-preparation techniques, while recognizing 

limitations that inhibit their use for some applications. Since the number of potential 
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RTILs is very large, and only a small number have been evaluated in laboratory 

studies, it is important not to overgeneralize on their potential as general solvents 

based on this small database of rather limited chemical diversity. 

 

Catalysis  

 

Synthesis, kinetics and photocatalytic study of “ultra-small” Ag-NPs obtained by a 

green chemistry method using an extract of Rosa ‘Andeli’ double delight petals 

Journal of Colloid and Interface Science  458(2015) 169–177 

This paper reports the effect of different concentrations of Rosa ‘Andeli’ double 

delight petals aqueous extract (PERA) in the synthesis of silver nanoparticles 

(Ag-NPs), using an easy green chemistry method. Its kinetics study and photocatalytic 

activity were also evaluated. The Ag-NPs were obtained using an aqueous silver 

nitrate solution (AgNO3) with 9.66% w/v, 7.25% w/v, and 4.20% w/v PERA as both 

reducing–stabilizing agent. The formation of the Ag-NPs was demonstrated by 

analysis of UV–vis spectroscopy, scanning electron microscopy–energy dispersive 

spectroscopy (SEM–EDS) and transmission electron microscopy (TEM). TEM 

analysis shows spherical nanoparticles in shape and size between 0.5 and 1.4 nm. 

A comparative study was done to determine which concentration was the best 

reducing–stabilizing agent, and we found out that “ultra-small” nanoparticles 

(0.5–1.1 nm) were obtained with 9.66% w/v of PERA. The size of the Ag-NPs 

depends on the concentration of PERA and Ag(I). 

The reaction of formation of “ultra-small” Ag-NPs, proved to be first order for 

metallic precursor (silver) and second order for reducing–stabilizing agent 

(PERA).The Ag-NPs showed photocatalytic activity, in degradation of commercial 

dye with an efficiency of 95%. 

 

Cleaner Production  

 

Fatty acid and glucosinolate patterns of seed from Isatis indigotica Fortune as 

bioproducts for green chemistry 

Industrial Crops and Products  75 (2015), Pages 51–58 

Isatis indigotica Fortune is an herbaceous plant belonging to the Brassicaceae family, 

whose leaves and roots are rich in active compounds popularly used as natural dyes 

and/or for their pharmacological activity. Few studies are available on its seeds 
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production and chemical composition. This study evaluated the seed yield and active 

compounds of I. indigotica Fortune (Chinese woad) with the aim to investigate its 

intra-species chemotypic, phenotypic and productive variations. A field experiment 

was carried out in Central Italy under Mediterranean climate, comparing four I. 

indigoticaaccessions. The plant phenological, morphological and productive 

characteristics (siliculas and seed yields) have been evaluated and the seeds analysed 

for fatty acid composition and glucosinolate patterns. The four accessions, grown as 

winter annual crop, showed similar phenological development but a different 

percentage of plants that turn to flower. All the genotypes showed good adaptability to 

the environmental conditions and good agronomical performances, with good siliculas 

yield (1.36 ± 0.08 t ha−1) and oil content (36.8 ± 0.82% w/w). Significant differences 

among the accessions were observed for the fatty acid and glucosinolate profiles. The 

oil was rich in mono- and polyunsaturated fatty acid (58% and 32% as mean value, 

respectively) with major differences for the oleic and α-linolenic acids. The erucic 

acid content ranged from 16 to 21%. In relation to the glucosinolates, the major 

differences were recorded for progoitrin, epi-progoitrin, gluconapin and 

glucobrassicin. The high polyunsaturated fatty acid concentration of I. 

indigotica seeds, together with its interesting glucosinolate content, open new 

perspectives for sustainable biobased production 

 

Education  

 

Review of the twenty-three year evolution of the first university course in green 

chemistry: teaching future leaders how to create sustainable societies  

Journal of Cleaner Production  6 July (2015) 

In 1992, it was clear that the challenge of transforming tertiary chemistry education to 

assist with leadership development for what is now called “sustainability” held 

important potential. There were no appropriately focused university courses. Green 

chemistry had not been named. So a course for upper level undergraduates and 

graduates, now entitled Chemistry and Sustainability (C&S), was launched to build 

both professorial and student competence for advancing the relationship between 

commercial chemistry and health and the environment. C&S has undergone iterative 

development ever since to better educate students in sustainability leadership. This 

contribution reviews the insights that clarified into what is important for tertiary 

education to address in chemical sustainability. The reviewed C&S concepts, methods, 

tools, and assessments include: 1) the strategic thinking, 2) three early sets of 

principles evaluated for relative steering power toward the most hazardous chemical 

sustainability challenges, 3) the syllabus and objectives, 4), the presentation style, 5) 
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the thematic content highlighting; (i) the organizational tool for green science 

technical challenges called the C&S Bookcase, (ii) the conceptual-analytical tool for 

identifying future-safe technologies called theTechnology-Sustainability 

Compass (TSC), and (iii) the ethical code developed to provide students with a 

theoretical foundation for sustainability path-finding called theCode of Sustainability 

Ethics for Leaders (COSEL), 6) the interdisciplinary content meshing technical 

chemical education with (i) the pursuit of transgenerational justice developed from the 

ethics of Hans Jonas, (ii) the history of chemical pollution, (iii) the impact of toxic 

elements, persistent molecular pollutants and endocrine disruptors on health and the 

environment, and (iv) strategic leadership for sustainability, 7) the use of stellar 

internet resources on the health and environmental content of energy and chemicals to 

emphasize immediacy, relevancy and importance, 8) the homework assignments, and 

9) the 2014–15 student course analyses. This review is intended to deliver cognition 

grenades to vaporize clouds of obscurity shielding fortresses of unsustainability in the 

chemical enterprise—the most demanding sustainability challenges today are cultural 

strongholds that must be breached and not technical rivers that must be forded. The 

key C&S transformative insight is that cultural blockades against the rational 

advancement of sustainability within the chemical and allied enterprises, the resulting 

impacts, and the strategies for breaking free should be emphasized with the relevant 

technical content in the quest for competence in educating leaders for a sustainable 

world. This long review is a concatenation of four thematic reviews, so integrated to 

help interested teachers design related courses. 

 

Electrochemistry 

 

Development of high sensitive polyaniline based piezoresistive films by conventional 

and green chemistry approaches  

Sensors and Actuators A: Physical 220(2014) Pages 13–21 

Conductive polymers are gaining increasing interest due to their large range of 

applications as sensing materials. Among them, polyaniline (PANI) is a promising 

candidate and this work demonstrated its excellent piezoresistive properties when it is 

doped with dodecylbenzenesulfonic acid (DBSA) and camphorsulfonic acid (CSA) 

and processed as films. Two types of PANIs were synthesized by two different routes: 

a traditional method (PANI1), based on the use of a stoichiometric oxidant; and an 

environmentally friendly approach (PANI2), based on a catalytic procedure. The 

relationship between electromechanical response and morphology was investigated, 

as well as the stability of the piezoresistive sensing performance. Extraordinary high 
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gauge factors were obtained, reaching values up to 100. Overall, it was demonstrated 

the suitability and large potential application of these materials as force and 

deformation sensors. 
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Inorganic Chemistry 

 

Green chemistry focus on optimization of silver nanoparticles using response surface 

methodology (RSM) and mosquitocidal activity: Anopheles stephensi (Diptera: 

Culicidae) 

Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy  

149(2015) Pages 978–984 

There is an exigent necessity for development of environmental friendly bio-control 

agent(s) for elimination of mosquito due to increased resistance resurgence against 

synthetic control agents. Mosquito control strategy will lay a strong foundation to 

malaria exclusion or it can be curbed to certain level especially in the developing 

nations. In this study, silver nanoparticles were synthesized by green chemistry 

approach using Tridax procumbens leaf extract as a reducing agent. The reaction 

medium involved in the synthesis process was optimized by statistical experimental 

design using response surface methodology to obtain better yield, uniform size, shape 

and stability. Further, these synthesized nanoparticles were confirmed through 

UV–Visible, FT-IR spectroscopy, PSA and SEM Subsequently, the bioefficacy of 

these particles were investigated on Anopheles stephensi for larvicidal and pupicidal 

activity. Interestingly, time period of 90 min, temperature of 76 ± 2 °C, pH 7.2 ± 2, 

2 mM silver nitrate (AgNO3), 3 mM PEG and 2 mM PVP showed excellent 

parameters for bioprocess design for large scale production of stabilized nanoparticles. 

A concentration of 5 ppm of PVP stabilized nanoparticles exhibited 100% mortality. 

Thus, the obtained results clearly suggest that silver nanoparticles stabilized by PEG 

and PVP may have important function as stabilizers, dispersants as well as larvicides 

for mosquito control. 

 

Physical properties of CdO nanoparticles synthesized by green chemistry via Hibiscus 

Sabdariffa flower extract 

Journal of Alloys and Compounds 655(2016) 314–320 

The first time synthesis of CdO nano-crystals by green chemistry process based 

onHibiscus Sabdariffa flower extract and their main physical properties are reported. 

While it is shown that the natural extract acts as an effective chelating agent in 

facilitating the formation of the CdO nanoparticles, the structural analysis by X-rays 

diffraction analysis shows that the nano-crystals exhibit a pure single phase 

Monteponite. Their photoluminescence display a relatively an intense and narrow 

emission peak at 551 nm. Their direct and indirect bandgaps were found to be 2.7 and 

2.1 eV. The investigation of their surface properties showed the existence of a double 
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coordination: presence of CdO and CdO2 type bonds. The current–voltage 

characteristic of the CdO nanoparticles film/c-Si heterojunction solar cell under dark 

and illumination conditions showed that such a heterojunction has acceptable 

rectification characteristics with a forward current saturating at ∼1 V. 

 

Materials Science  

 

Green chemistry preparation of superparamagnetic nanoparticles containing 

Fe3O4 cores in biochar 

Journal of Analytical and Applied Pyrolysis  19 October 2015 

Nanotechnology is an engineering science in which the aim is to develop novel 

procedures and structures at the nanoscale that might offer solutions to many current 

problems. In this article, we describe the synthesis of superparamagnetic iron oxide 

(Fe3O4) nanoparticles in biochar obtained from the condensed tannin extract of Acacia 

mearnsii, using a single-step process that is compliant with the principles of green 

chemistry. Characterization of this material (acronym: SPMIOBNs) was performed 

using Fourier transform infrared spectroscopy, scanning electron microscopy, 

transmission electron microscopy, and X-ray diffraction analysis. The porous particles 

produced contained iron oxide nanoparticles with average sizes in the range 20-35 nm. 

The magnetic properties revealed that the SPMIOBNPs were superparamagnetic, with 

a saturation magnetization of 3.2 memu/g at 300 K. 

 

A “green methodology” approach to the synthesis of HfO2nanoparticles 

Materials Letters  159 (2015)520–524 

HfO2 nanoparticles were successfully synthesized by a green chemistry method, 

which consist of mechanically activated metathesis and molten salts, using LiCl/KCl. 

This methodology is useful to prepare cubic phase at low-temperature (380 °C) 

without using any doping element, which is an outstanding advantage over existing 

techniques. Following this green route easily allows obtaining HfO2 nanoparticles; 

showing irregular and spherical like morphologies with a diameter in the range of 

8–20 nm by TEM observations and crystallite size of 6.5 and 14.7 nm calculated from 

Scherer's equation for cubic and monoclinic phases respectively. The temperature and 

reaction time parameters played a very important role for obtaining monoclinic or 

cubic phase during molten salt stage. 

 



16 
 

 

Microwave  

 

Fluoroquinolone residues in compost by green enhanced microwave-assisted 

extraction followed by ultra performance liquid chromatography tandem mass 

spectrometry 

Journal of Chromatography A  1410(2015) 44–50 

A novel, simple and straightforward method for determination of fluoroquinolones 

(FQs) in compost has been developed. The procedure entails a low-pressurized 

microwave-assisted extraction (MAE) carried out by a high performance instrument, 

in alkaline aqueous solution containing magnesium ions as FQs complexing agent, 

followed by ultra performance liquid chromatography tandem mass spectrometry 

(UPLC–MS). Ciprofloxacin (CIP), Enrofloxacin (ENR), Levofloxacin (LEV) and 

Norfloxacin (NOR), four widely used FQ antibiotics, were simultaneously extracted 

from compost by a singleMAE cycle (20 min, 135 °C). The method was validated in 

terms of linearity, selectivity, sensitivity and accuracy. Quantitative absolute recovery 

(70–112%, n = 3) and suitable precision (RSD < 15%, n = 3) were observed, at 

concentration levels ranging from 25 ng g−1 to 2500 ng g−1. Analytes were separated 

in a 10 min chromatographic run and quantified/confirmed in single reaction 

monitoring (SRM) mode. UPLC coupled to SRM-MS detection allowed to achieve 

improved sensitivity, and selective detection. Method detection and quantification 

limits, MDLs and MQLs, were in the range 2.2–3.0 ng g−1and 6.6–9.0 ng g−1, 

respectively. The high-performance microwave system here used strongly improved 

the extraction efficiency with respect to a conventional apparatus. The procedure 

proved to be simpler, less expensive, faster, and more green with respect to the few 

methods currently described in literature, providing at the same time suitable recovery 

and reproducibility. The analytical method has been applied to the analysis of actual 

compost samples, wherein FQs have been quantified at concentrations up to 88 ng 

g−1. 

 

Microwave assisted process intensification of lipase catalyzed transesterification of 

1,2 propanediol with dimethyl carbonate for the green synthesis of propylene 

carbonate: Novelties of kinetics and mechanism of consecutive reactions 

Chemical Engineering Journal  281( 2015)199–208 

Green chemistry inherently hinges on process intensification through catalysis and 

waste minimization. The synergism of enzyme catalysis with microwave irradiation 

was studied systematically in this work for a consecutive reaction about which no 

literature report exists. Transesterification reaction of renewable starting materials 
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(1,2 propanediol and dimethyl carbonate) was studied as a new strategy for 

environmentally benign route of cyclic carbonate synthesis in non aqueous media. A 

variety of supported enzymes were considered including Lipozyme RM IM, 

Lipozyme TL IM, Amano andCandida antarctica (Novozyme 435) among which 

Novozym 435 was the best. Both reactions occur under the influence of enzyme and 

also are enhanced by microwave irradiation. Thus, the example reported here serves 

as the first of its kind. The studies cover influence of different process parameters on 

reaction rate and selectivity of propylene carbonate and include agitation speed, 

solvent, loading of catalyst, reactant concentration (mole ratio) and temperature. A 

novel kinetic model was developed by finding forward and backward reaction rate 

constants for each step of the reaction. Microwave irradiation not only increases 

reaction rate but also improves the thermal stability of enzyme. Maximum conversion 

of 93% was obtained in 6 h using 250 mg of enzyme loading with 1 and 3 mmol of 

1,2 propanediol and dimethyl carbonate in 15 mL solution made up with 1,4-dioxane 

as solvent at 70 °C as compared to 54.4% conversion under conventional heating, thus 

proving the synergism between microwave irradiation and lipase. The enzyme is 

reusable and the results are novel. 

 

Solvent 

 

From green chemistry to nature: The versatile role of low transition temperature 

mixtures 

Biochimie  Available online 21 September 2015 

In 1998, the concept of “green chemistry” was established through twelve principles 

with the aim of improving the eco-efficiency of chemical processes and to judge, 

whether or not, a chemical process is sustainable. Currently, numerous processes do 

not obey to most of these principles (large energy usage, formation of waste, usage of 

hazardous solvents and reagents, etc …), which have forced the scientists to develop 

and implement new strategies for upcoming researches. One of the most attractive 

challenges is finding, creating and developing new and green media. Over the last 

decades, the scientific community has mainly focused on two different classes of 

solvents (namely, Ionic liquids and Eutectic Solvents). These solvents share 

advantageous characteristics (low vapor pressure, thermally stable, non-flammable, 

etc.) making them an attractive option to implement sustainable chemistry and 

engineering. Mainly due to its environmental and economic features, DES are now 

growing much more interest. Indeed, although their ecotoxicological profile is still 

poorly known, DES are classified as “green” solvents because they are composed of 

molecules which are considered to be eco-friendly. The fast, numerous and broad 
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scope of studies on these new liquids make the literature rather complex to understand. 

Here, we attempted to establish a succinct history and a presentation of these liquids 

with emphasis on their role, classification, importance and application in biological 

systems. 

 

Polymers 

 

Degradable photopolymerized thiol-based solid polymer electrolytes towards greener 

Li-ion batteries 

Polymer 75( 2015) 64–72 

Thermoset initiator-free membranes are prepared by the UV-induced 

photopolymerization of thiol and (meth)acrylic monomers having polyethylene oxide 

chains, being known that the use of such monomers can lead to the formation of 

readily degradable membranes. The photopolymerization of different formulations is 

studied and the influence of the addition of a monofunctional methacrylate is 

investigated. By incorporation of lithium bis(oxalate)borate salt, solid polymer 

electrolytes are prepared and used as electrolyte membranes in Li-ion batteries. The 

ionic conductivity of the samples is measured and correlated to their thermal 

characteristics. The best performing sample shows encouraging cycling behaviour 

when tested in a truly-solid state lab-scale lithium test cell, thus enlightening the 

promising prospects of the newly designed polymer electrolytes. Furthermore, a 

preliminary degradation study is performed demonstrating the possibility to 

hydrolytically degrade the proposed UV cured networks making them extremely 

appealing for the development of sustainable and easily recyclable, thus greener, 

energy power sources. 

 


