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中央研究院化學研究所 江明錫 

引言 

面對氣候變遷的挑戰，各國簽下了同意書，讓《巴黎協定》趕在2016 年11 月4 

日生效，也揭開了全球努力減碳、對抗暖化的一幕。國際能源總署（International 

Energy Agency, IEA）在同年11 月16 日發表的「2016 年全球能源展望」（World 

Energy Outlook 2016, WEO2016）報告，則指出全球能源轉型已見成效！就在眾

人興高采烈地參加「聯合國氣候變化綱要公約」（UNFCCC）締約方第22 次會議

（COP22）時，反對協定的美國總統候選人川普，卻打破所有主流媒體的眼鏡，

當選總統入主白宮，瞬間成為影響世界政經發展的另一隻黑天鵝！ 

有別於民主黨的訴求，川普與許多共和黨員皆認為，全球氣候變遷是屬於自然現

象而非人為因素，投入大量的人力資源將會成為美國經濟成長的絆腳石，未來不

排除退出全球氣候談判。再者，川普傾向放寬傳統能源發展並不加以限制。因此，

歐巴馬時代力推的清潔電力計畫（Clean Power Plan），可能會被川普撤回。至於

頁岩油氣開採，則是對水力壓裂技術不做限制，以及將允許在聯邦等公共土地進

行石油與天然氣探勘。此外，川普與許多其支持者皆認為，再生能源的發展是建

築在全美國人的金援。綜觀川普的能源政見，主要包括：結束煤炭戰爭與鼓勵能

源自主、退出《巴黎協定》並減少氣候變遷支出與降低再生能源的補貼等。 

在台灣，最近最引人注目的環保能源議題，就是台化彰化廠和台塑六輕麥寮廠燃

煤發電、台電關掉燃煤機組逐步汰換為超超臨界燃煤發電機組及改成燃氣機組。

這些議題，除了牽涉到能源安全與能源成本、汙染排放，也包含CO2 排放。從圖

ㄧ可看出，在臺灣2015 年的發電量中，台電火力發電量占比78.4％，其中燃煤就
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占了35.7％，燃氣35.1％，高居前兩位！另汽電共生亦幾乎全部用燃煤。而2014 

年23 兆8,000 億度的全球總發電量中，火力發電（或稱化石燃料發電，包括燃煤、

燃氣及燃油）約占67％，還是最主要的發電方式。所以在再生能源占比仍低的情

況下，降低火力發電的污染及CO2 排放便極為重要。 

 

Data from IEA(2016), World Energy Outlook 2016. 

以CO2 排放來討論，碳捕捉與封存是現今主要的議題。將電廠與工業廠排放的

CO2 分離捕捉、運輸、封存甚至再利用，可能將發電廠的碳排放量減少85∼90％，

是最接近實用與商業化的減碳技術。碳捕捉有吸收、吸附、薄膜和冷凝等方法，

吸收分為物理及化學吸收法，目前最廣為使用的即是化學吸收法，至於吸附法主

要是使用含胺化合物之固體吸附劑，其吸附力有限，目前較適用於中小規模的碳

捕捉。薄膜技術具省能源、低污染、操作又簡單等優點，但較難分離氮氣與CO2，

在技術上仍須努力。碳封存則有四種技術：海洋封存、陸地封存、礦物封存與生
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物封存。在前期綠色與永續化學通訊中，我們已介紹利用微藻進行固碳生產生質

油料的技術(參見2016 年11 月號)。本期在綠能前線ㄧ欄中，我們將介紹從大氣

中捕捉二氧化碳，並將其轉化為碳奈米纖維的新技術，若此技術應用於電廠節能

減碳上，將有助於降低大氣層二氧化碳濃度。 

依聯合國環境規劃署（United Nations Environment Programme, UNEP）所提出的

2016 年排放缺口綜合分析報告，倘若締約國完全落實NDCs（unconditional）的

承諾目標，則至2030 年，若欲達到全球控制溫升2˚C（或1.5˚C）的目標，全球溫

室氣體排放仍存在140 億噸CO2e 氣體排放缺口（2°C）或170 億噸CO2e 氣體排

放缺口（1.5°C）；如果締約國履行其額外的NDCs（conditional）承諾目標，則至

2030 年，全球溫室氣體排放仍存在120 億噸CO2e 氣體排放缺口（2°C）或150 

億噸CO2e 氣體排放缺口（1.5°C）。UNEP（2016）進一步指出，2011 至2030 年

累積的溫室氣體排放量將達到75 ∼ 80％的碳預算，易言之，人類將很快耗盡控制

溫升2°C（或1.5°C）的碳預算（至2100 年約1兆噸CO2e）。因此，開發可行的碳

捕捉與封存技術，以及力行節能減碳的生活習慣，是刻不容緩的。 

 

(引言與圖片轉自經濟部能源局能源報導2016年第10期 <<燃煤發電也可以減碳！

淨煤與CCS 技術>>, 2016年第12期 <<馬拉喀什氣候會議（COP22 ／ CMP12 

／ CMA1）觀察與啟示>>, 2017年第04期 <<美能源政策大轉彎？擁抱傳統礦業

的川普>>, 2017年第04期 <<WEO2016 提醒：注意電力供應安全與水資源整合>>. 

http://energymonthly.tier.org.tw/cnt.asp?issue=201610&page=2,  

http://energymonthly.tier.org.tw/cnt.asp?issue=201612&page=40,  

http://energymonthly.tier.org.tw/cnt.asp?issue=201704&page=1,  

http://energymonthly.tier.org.tw/cnt.asp?issue=201704&page=6) 

 

 

 

  

http://www.center.ch.ntu.edu.tw/Publish/jgreen_web/jgreen_file/green_10511.pdf
http://energymonthly.tier.org.tw/cnt.asp?issue=201610&page=2
http://energymonthly.tier.org.tw/cnt.asp?issue=201612&page=40
http://energymonthly.tier.org.tw/cnt.asp?issue=201704&page=1
http://energymonthly.tier.org.tw/cnt.asp?issue=201704&page=6
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Webinars 

1. ACS Webinar: The Future of Flight: Advanced 

Renewable Jet Fuels 

Stan Frey of Honeywell profiles their Green Jet Fuel™ program, which can 

reduce the greenhouse gas emissions by 65-85% when compared to 

petroleum based fuels. 

2. ACS Webinar: Sustainable Bioenergy Systems: 

Unlocking the Power of Renewable Plant Biomass 

Bruce Dale shares how we can create systems to that can work together to 

create more while using less. 

Upcoming Conferences 

1. Chemistry Engineering Sustainability 2017: Innovation 

and the Triple Bottom Line 

April 9-11, 2017, Pittsburgh, Pennsylvania, USA 

2. 2nd Green and Sustainable Chemistry Conference 

May 14-17, 2017, Berlin, Germany 

The Green and Sustainable Chemistry Conference will be organized back-to-

back with the inaugural conference of ISC3 Mainstreaming Sustainable 

Chemistry. 

3. ISC3 Mainstreaming Sustainable Chemistry 

May 17-18, 2017, Berlin, Germany 

ISC3 Mainstreaming Sustainable Chemistry is organized in co-operation with 

the 2nd Green and Sustainable Chemistry Conference. 

4. International Symposium on Green Chemistry 2017 

(ISGC-2017) 

May 16-19, 2017, La Rochelle, France 

The main objective of ISGC-2017 is to gather the most eminent scientists 

involved in the field of green chemistry to debate on the future challenges of 

Chemistry keeping in mind the problems of access to a sustainable energy, the 

management of resources (carbon, water, metals, minerals), Human 

development, global warming, impact on the environment and competitiveness 
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of our Industry. To contribute to solve this complex equation, ISGC-2017 has 

been thought as a cross-disciplinary platform and should offer to public and 

private scientists an ideal platform for sharing fundamental knowledge with 

industrial research and development stakeholders. 

5. 21st Annual Green Chemistry & Engineering 

Conference 

June 13-15, 2017, Reston, Virginia, USA 

6. Bio-Resources: Feeding a Sustainable Chemical 

Industry 

June 19-21, 2017, London, United Kingdom 

Theme: Bio-based materials, Bio-based chemicals, Conversion technologies, 

Feedstocks and analysis 

7. International Conference on Green and Sustainable 

Chemistry 

July 23-26, 2017, Melbourne, Australia 

Theme: Energy Security and General Storage, Clean Synthesis - Cell to Flow 

Reactors, New Green Chemical Processes and Their Optimization, Green 

Catalysts, Green Materials and their Engineering, Business Models in Green 

Chemistry, Education Initiatives in Green Chemistry 

8. 5th International Conference on Green Chemistry and 

Technology 

July 24-26, 2017, Rome, Italy 

Theme: Recent Innovations and Concerns of Green Chemistry towards 

Sustainability 

5th International Conference on Green Chemistry will focus on many interesting 

scientific sessions and covers all frontier topics in Green Chemistry, which 

include: Basic Principles in Green Chemistry, Green Catalysis, Green Materials, 

Green Synthesis and Designing, Greener Bioprocesses, Green Energy, Waste 

Valorization Techniques, Green Economy, Green Engineering & Manufacturing, 

Green Polymers, Green Catalyst & Reagents, and many more. The focus is 

mainly on minimizing the hazards and maximizing the efficiency of any 

chemical choice. The conference also includes keynote speeches by prominent 

personalities from around the globe in addition to both oral and poster 

presentations. 
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9. 6th International Congress on Sustainability Science & 

Engineering 

October 1-5, 2017, Barcelona, Spain 

Theme: The transition to sustainable living, Sustainable technologies in 

manufacturing and processing industries, Bringing sustainability to the 

mainstream 

10. 7th IUPAC International Conference on Green 

Chemistry 

October 2-5, 2017, Moscow, Russia 

Theme: development of chemistry within planetary boundaries 

The 7th IUPAC International Conference on Green Chemistry mainly focuses 

on the following topics: Green Materials, Green Industrial Processes (Cleaner 

production and Green Nanotechnologies), Green nature-like technology 

(Supramolecular systems and life-sustaining functions of non-living organic 

matter), Capacity-building and technical cooperation (Education). 

11. 4th International Conference on Past and Present 

Research Systems of Green Chemistry 

October 16-18, 2017, Atlanta, Georgia, USA 

Theme: Advances in Continuous Green Chemistry: Back to the Future 
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News 

1. A more natural approach to catalysts 

To make chemical processing more sustainable, chemists turn to animal, 

vegetable, and mineral sources for catalytic materials. Enzymes derived 

from renewable resources are nature’s sustainable catalysts. They are 

biocompatible, biodegradable, essentially nonhazardous, and nontoxic. In 

addition, enzymatic reactions are often performed under mild conditions, 

avoid the need for scarce precious-metal catalysts, and proceed without 

waste-generating protection and deprotection steps common in 

conventional organic syntheses. Right now, several types of catalytic 

reactions such as asymmetric aldol, conversion of α-aminonitriles to α-

amino acids are able to achieved via the enzymatic processes.  

http://cen.acs.org/articles/95/i8/natural-approach-catalysts.html 

2. Slow-release nitrogen fertilizer could increase crop 

yields 

Now Chemists have found a new way to deliver fertilizers efficiently and also 

reduce the harm of agricultural runoff. In the past, after nitrogen fertilizers 

are applied to soil, more than more than three-quarters of their nutrients 

get washed away before plants can absorb them. That wastes money and 

creates environmental messes downstream. Now, a new nanoparticle-based 

fertilizer that releases nutrients over a week, giving crops more time to 

absorb them, is developed.  

http://cen.acs.org/articles/95/web/2017/02/Slow-release-nitrogen-

fertilizer-

increase.html?utm_source=Twitter&utm_medium=Social&utm_campaig

n=CEN&hootPostID=184611cc58b9ae4c674eb6c3ccdc266c 

3. Green CO2NCRETE(TM) for sustainable construction 

Scientists and engineers at the University of California, Los Angeles (UCLA) 

are developing an innovative way of embedding carbon dioxide (CO2) into 

concrete. Specifically, the process secures CO2 produced by power plants, 

cement plants, and other point-source emitters, and embeds it into 3D-

printed building materials and components. The work seeks to mitigate the 

CO2 impact of cement production [N.B.: upon mixing with sand, stone and 

water, cement forms a “composite” referred to as ‘concrete’], which 

currently accounts for nearly 9 percent of anthropogenic CO2 emissions. In 

http://cen.acs.org/articles/95/i8/natural-approach-catalysts.html
http://cen.acs.org/articles/95/web/2017/02/Slow-release-nitrogen-fertilizer-increase.html?utm_source=Twitter&utm_medium=Social&utm_campaign=CEN&hootPostID=184611cc58b9ae4c674eb6c3ccdc266c
http://cen.acs.org/articles/95/web/2017/02/Slow-release-nitrogen-fertilizer-increase.html?utm_source=Twitter&utm_medium=Social&utm_campaign=CEN&hootPostID=184611cc58b9ae4c674eb6c3ccdc266c
http://cen.acs.org/articles/95/web/2017/02/Slow-release-nitrogen-fertilizer-increase.html?utm_source=Twitter&utm_medium=Social&utm_campaign=CEN&hootPostID=184611cc58b9ae4c674eb6c3ccdc266c
http://cen.acs.org/articles/95/web/2017/02/Slow-release-nitrogen-fertilizer-increase.html?utm_source=Twitter&utm_medium=Social&utm_campaign=CEN&hootPostID=184611cc58b9ae4c674eb6c3ccdc266c
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light of the ever-increasing demand for concrete worldwide (e.g., in China 

and India), it is crucial, now more than ever, to address the environmental 

impact of this ubiquitous building material. 

http://www.co2upcycling.com/ 

4. The new plastics economy – Rethinking the future of 

plastics: There’s a great future in plastics 
When Mr. McQuire told Dustin Hoffmann’s character Ben about the great 

future in plastics in the 1967 classic The Graduate, he didn’t know how right 

he was. In the 50 years since, total plastics production has seen a 20-fold 

increase, and today almost everyone everywhere encounters them every day. 

They have become the workhorse materials of the modern economy, 

combining unrivaled functionality with low cost. While its products provide 

numerous benefits, the current plastics economy has drawbacks that 

become more apparent by the day. So is the “great future in plastics” coming 

to an end? The answer is likely “no, but…” While we are unlikely to back 

away from the benefits that plastics bring, we need to fundamentally rethink 

the global system through which they flow. In May 2016, the Ellen 

MacArthur Foundation launched the New Plastics Economy initiative, a 

bold, three-year project intended to stimulate such a rethink and mobilize a 

transition towards a system based on circular economy principles. The 

initiative is unprecedented in its setup and in its attraction and involvement 

of leading philanthropic partners and front-running participant companies, 

cities and governments. 

https://www.ellenmacarthurfoundation.org/publications/the-new-

plastics-economy-rethinking-the-future-of-plastics 

5. Bio-based formaldehyde alternative for industrial 

adhesive 

Avalon Industries is launching a research project to replace formaldehyde 

with bio-based, non-toxic 5-HMF (5-hydroxymethylfurfural). The project 

focuses on resins for the furniture industry, although the research is relevant 

to several sectors that might employ 5-HMF as a substitute for 

formaldehyde, e.g. as an active ingredient in the pharmaceutical and 

agrochemical sectors, or in the manufacture of textiles, bottles or food 

packaging.  

http://www.specchemonline.com/news/bio-based-formaldehyde-

alternative-from-avalon 
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6. Fighting Climate Change through Chemistry: 

GreenCentre’s IHC4 Program 

It is critically important that the right resources are readily available to 

advance chemistry technologies with the potential to impact climate change. 

GreenCentre’s IHC4 program is there to help. GreenCentre Canada created 

the InnovationHouse Chemistry Countering Climate Change (IHC4) 

program to advance technologies that could directly counter climate change, 

or otherwise help the world adapt to a changing climate. 

https://www.greencentrecanada.com/main/assets/File/IHC4%20Media%

20Release.pdf 

https://www.gccinnovationhouse.com/default/assets/File/Media%20Rele

ase%20-

%20IHC4%20Call%20for%20Academic%20Inventions%20FINAL.pdf 

7. New bio-recycling process can handle all kind of plastic 

waste 

Green chemistry company Carbois in France has announced that its 

innovative enzymatic bio-recycling process of polyesters is also applicable 

to crystalline polyethylene terephthalate (PET). ‘This means it can treat all 

kind of plastic waste containing PET, namely bottles, packaging and films,’ 

the firm says. 

http://www.recyclinginternational.com/recycling-news/10177/plastic-

and-rubber/france/new-bio-recycling-process-can-handle-039-all-kind-

plastic-waste-039 

8. Harnessing Cyanobacteria’s Powers for Green 

Chemicals 

Producing fuels and chemicals from CO2 and light has long been a dream of 

Biotech. Amsterdam-based Photanol is working on making it an industrial 

reality with engineered cyanobacteria. While most of the discussion focused 

on supporting and enabling first-generation bioplastics, made with 

feedstock like sugar, Photanol is skipping ahead two generations of biobased 

products, waste biomass and algae, to land at the fourth stage: synthetic 

biology platforms. Photanol uses engineered cyanobacteria, sunlight and 

CO2 to produce lactic acid, the small molecule that makes the popular 

bioplastic PLA.  

http://labiotech.eu/photanol-cyanobacteria-platform-

interview/?cid=sc_gci&hootPostID=6eced757ed01beedcd0e60f1261eb4b8 

  

https://www.greencentrecanada.com/
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Reviews and Papers 

Catalysis 

Development of Earth-Abundant Metals for Catalytic 

Reactions 

ACS Catal., 2017, 7, 1227–1243. DOI: 10.1021/acscatal.6b02990 

The hydrosilylation of alkene is an important reaction for the synthesis of 

alkylsilanes that has widespread applications in numerous silicon-based 

materials, and for decades, this transformation has been relying on the use of 

Pt catalysts. Recently, the high abundance and low cost, coupled with the 

environmentally benign nature of the base metals have stimulated enormous 

research on the development of first-row transition-metal catalysts as 

replacements for the precious Pt catalysts. Several base-metal catalysts which 

have emerged during the past 5 years offer high activity, broad substrate scope, 

and excellent regioselectivity. This review covers the advance in the 

development of Fe, Co, and Ni catalysts for the alkene hydrosilylation reaction, 

as well as the related dehydrogenative silylation reaction. 

 

 

Employment of D-amino acid oxidase from porcine kidney 

for the synthesis of primary α-aminonitriles and 

unnatural α-amino acids 

Green Chem., 2017, 19, 418–424. DOI: 10.1039/c6gc02003h 

A new cascade reaction for the synthesis of unnatural α-amino acids from 

primary amines using mutant pkDAO and nitrilase AY487533. This is the first 

report of the enzymatic synthesis of primary α-aminonitriles and unnatural α-

amino acids. These methods will contribute widely to the synthesis of primary 
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α-aminonitriles and unnatural α-amino acids in aqueous systems. 

 

 

 

Earth-abundant photocatalytic systems for the visible-

light-driven reduction of CO2 to CO 

Green Chem., 2017, Advance Article. DOI:10.1039/C6GC03527B 

A highly selective photocatalytic system is reported, based on an in situ copper 

photosensitizer and an iron catalyst, for the reduction of CO2 to CO. Turnover 

numbers (TON) up to 487 (5 h) with selectivities up to 99% and ΦCO = 13.3% 

were observed. Stern–Volmer analysis allowed us to establish a reductive 

quenching mechanism between the Cu PS and electron donor. 

 

 

Au naturel catalyst mimics nature to break tenacious 

carbon-hydrogen bond 

Angew. Chem. Int. Ed. 2016, 55, 12873–12876. DOI: 10.1002/anie.201607216 
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The chemical industry must break the tenacious bond between carbon and 

hydrogen molecules to synthesize oxidative products such as methanol and 

phenols. It's called oxidizing because it causes the molecule to undergo a 

reaction in which it combines with oxygen, breaking C-H bonds and forming 

new carbon-oxygen bonds. The conventional chemical recipe calls for 

inefficient and expensive oxidants to break the C-H bond. That process is costly, 

difficult and leaves behind dirty waste products. Chemists have found a cheaper, 

cleaner way to crack the stubborn C-H bond. 

 

 

Isobutane/butene alkylation catalyzed by ionic liquids: a 

more sustainable process for clean oil production 

Green Chem., 2017, Advance Article. DOI: 10.1039/C6GC02791A 

The alkylation of isobutane with butene is an important refining process for the 

production of a complex mixture of branched alkanes, which is an ideal 

blending component for gasoline. The current catalysts used in industrial 

processes are concentrated H2SO4 and HF, which have problems including 

serious environmental pollution, equipment corrosion, potential safety hazard, 

high energy consumption in waste acid recycling, etc. Solid catalysts are 

another type of catalyst for this alkylation; however, they suffer from problems 

related to rapid deactivation. Ionic liquids (ILs) can be considered as catalysts 

of the third generation to replace traditional catalysts in isobutane/butene 

alkylation to produce clean oil. In this review, alkylation catalyzed by various 
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kinds of acidic ILs, including Lewis acidic ILs (such as chloroaluminate ones) 

and ILs containing Brønsted acidic functional groups (e.g., –SO3H, [HSO4]−), 

is reviewed. The currently reported ILs used in the catalysis of isobutane 

alkylation and their corresponding catalytic activity are summarized and 

compared. This will help the readers to know what kinds of ILs are effective for 

the alkylation of isobutane with butene and to understand which factors affect 

the catalytic performance. The advantages of the catalysis of isobutane/butene 

alkylation by ILs include tunable acidity of the catalyst by varying the ion 

structure, limited solubility of the products in the IL phase and therefore easy 

separation of the alkylate from the catalyst, environmental friendliness, less 

corrosion of equipment, etc., thus making catalysis by ILs greener. The 

mechanism and kinetics of the alkylation catalyzed by ILs are discussed. Finally, 

perspectives and challenges of the isobutane/butene alkylation catalyzed by ILs 

are given. 

 

 

Visible light dye-photosensitised oxidation of pyrroles 

using a simple LED photoreactor 

Org. Biomol. Chem., 2016, 14, 8873-8880. DOI: 10.1039/C6OB01719C 

The photooxidation of pyrrole is typically low yielding due to the absorbance of 

ultraviolet light, which leads to uncontrolled polymerisation and 

decomposition. Presented herein is the development of a simple and cost-

effective photoreactor utilising Light Emitting Diodes (LEDs) as the light source, 

and its application to the dye-sensitised oxidation of a range of pyrroles to give 

corresponding 3-pyrrolin-2-ones. The broader applicability of this approach to 

the generation of 1O2 is also explored. 
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Chemists uncover a means to control catalytic reactions 

Nature Communications 2016, 7, 13690. DOI:10.1038/ncomms13690 

The team of researchers, led by Nobel Prize-winning chemist John Polanyi, 

employed a combination of experiment and theory to discover that the position 

of the molecule on the catalytic surface is a key factor in determining the rate at 

which particular bonds break. 
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Green Materials and Devices 

Nanowires Offer Low-Cost Printed Electronics 

ACS Appl. Mater. Interfaces, 2017, 9, 1870–1876. 

DOI:10.1021/acsami.6b12289 

The need to heat up the nanoparticles so they melt together and achieve good 

conductivity is now reduced by researchers at Duke University. They have 

developed a solution for this after an exhaustive look at a range of silver-

based nanostructures. They discovered that silver nanowires are able to 

achieve the desired level of conductivity for printed circuits without needing 

to be heated to the point where they would harm the less expensive substrates.  

 

 

Single-step ambient-air synthesis of graphene from 

renewable precursors as electrochemical genosensor 

Nature Communications 2017, 8, 14217. DOI:10.1038/ncomms14217 

A renewable natural precursor, soybean oil, is transformed into continuous 

graphene films, composed of single-to-few layers, in a single step. The 

functionality of the graphene is demonstrated through direct utilization as an 

electrode to realize an effective electrochemical genosensor. 
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Deep eutectic solvents (DESs) as low-cost and green 

electrolytes for electrochromic devices 

Green Chem., 2017, Advance Article. DOI: 10.1039/C7GC00347A 

The application of deep eutectic solvents based on choline chloride or lithium 

chloride with ethylene glycol and glycerol as low-cost, recyclable and green 

electrolytes for electrochromic devices is reported. Reversible electrochromic 

devices incorporating DESs as alternative electrolytes and bipyridinium 

electrochromic probes have been tested and compared to conventional systems. 

 

 

Green Processing 

Simplifying recycling of rare-earth metals 

PNAS 2016, 113, 14887-14892. DOI:10.1073/pnas.1612628113 

Mining and purifying rare-earth metals is not only expensive and labor-

intensive, but takes a devastating toll on the environment. The current methods 

for recycling them are wasteful and inefficient. A process that could enable the 

efficient recycling of the entire series of rare-earth metals is developed now.  
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Application of switchable hydrophilicity solvents for 

recycling multilayer packaging materials 

Green Chem., 2017, Advance Article. DOI: 10.1039/C6GC03527B 

A new procedure based on switchable hydrophilicity solvents (SHS) was 

proposed for polyethylene and aluminium recovery from food aseptic 

packaging. Treatment with N,N-dimethylcyclohexylamine (DMCHA) allowed 

very high material recovery (>99% for aluminium and >80% for polyethylene), 

without compromising the quality in terms of oxidation or polymer degradation. 

Moreover, the results from a simplified and preliminary life cycle analysis 

confirm the potential environmental benefits of a SHS approach compared with 

other treatment and disposal scenarios. 

 

 

Recent advances in flow chemistry in the pharmaceutical 

industry 

Green Chem., 2017, Advance Article. DOI: 10.1039/C7GC90017A 

Continuous flow technology is increasingly being used in both the discovery and 

development of therapeutic agents. As might be expected for such a wide-

ranging technology and an industry with such diverse needs, a wide diversity of 

applications of flow chemistry are discussed. 
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Combining batch and continuous flow setups in the end-

to-end synthesis of naturally occurring curcuminoids 

React. Chem. Eng., 2017, Advance Article. DOI: 10.1039/C6RE00207B 

A successful end-to-end continuous flow synthesis of pure curcumin (1) and 

two other natural derivatives present in turmeric is described. Batch and 

continuous flow conditions were combined in order to develop the end-to-end 

process. Three operations were telescoped yielding the three different natural 

curcuminoids in a safe, gram-scale and reproducible manner. 

 

 

Advanced reactor engineering with 3D printing for the 

continuous-flow synthesis of silver nanoparticles 

React. Chem. Eng., 2017, Advance Article. DOI: 10.1039/C6RE00210B 

The implementation of advanced reactor engineering concepts employing 

additive manufacturing is demonstrated. The design and manufacturing of 

miniaturised continuous flow oscillatory baffled reactors (mCOBR) employing 

low cost stereolithography based 3D printing is reported for the first time. 

Residence time distribution experiments have been employed to demonstrate 

that these small scale reactors offer improved mixing conditions at a millimetre 
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scale, when compared to tubular reactors. Nearly monodisperse silver 

nanoparticles have been synthesised employing mCOBR, showing higher 

temporal stability and superior control over particle size distribution than 

tubular flow reactors. 

 

 

Synthesis and Solvent 

Future perspectives for formaldehyde: pathways for 

reductive synthesis and energy storage 

Green Chem., 2017, Advance Article. DOI: 10.1039/C6GC03093A 

Formaldehyde has been a key platform reagent in the chemical industry for 

many decades in a large number of bulk scale industrial processes. Thus, the 

annual global demand reached 30 megatons per year, and currently it is solely 

produced under oxidative, energy intensive conditions, using high-temperature 

approaches for the methanol oxidation. In recent years, new fields of 

application beyond the use of formaldehyde and its derivatives as i.e. a 

synthetic reagent or disinfectant have been suggested. For example 

dialkoxymethane could be envisioned as a direct fuel for combustion engines or 

aqueous formaldehyde and paraformaldehyde may act as a liquid organic 

hydrogen carrier molecule (LOHC) for hydrogen generation to be used for 

hydrogen fuel cells. To turn these new perspectives in feasible approaches, it 

requires also new less energy-intensive technologies for the synthesis of 

formaldehyde. This perspective article spreads light on the recent directions 

towards the low-temperature reductive synthesis of formaldehyde and its 

derivatives and low-temperature formaldehyde reforming for hydrogen 

generation. These aspects are important for the future demands on modern 

societies’ renewable energy management, in the form of a methanol and 
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hydrogen economy, and the required formaldehyde-feedstock for the 

manufacture of many formaldehyde-based daily products. 

 

 

Metal-free photocatalysts for various applications in 

energy conversion and environmental purification 

Green Chem., 2017, 19, 882-899. DOI: 10.1039/C6GC02856J 

During the past few decades, photocatalysis as a green and sustainable 

technology has received increasing attention owing to its potential to solve 

energy and environmental problems. For the purpose of obtaining highly 

efficient and low-cost photocatalysts, various metal-free photocatalytic 

materials have been designed and developed in recent years for energy 

conversion and environmental purification because of their unique properties 

and characteristics. This critical review presents the recent crucial applications 

and progress in metal-free photocatalysis, including photocatalytic water 

reduction for H2 evolution, photocatalytic CO2 reduction, photoremoval of NOx, 

photodegradation of pollutants and so on. The review also ends with some study 

highlights and suggestions for future research topics. We hope this review can 

facilitate deep-level investigation on the subject and provide new opportunities 

to develop metal-free photocatalytic materials with other important 

applications in the future. 
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Ionic liquids in the processing and chemical modification 

of chitin and chitosan for biomedical applications 

Green Chem., 2017, Advance Article. DOI: 10.1039/C6GC02827F 

Ionic liquids (ILs) have huge potential to provide advances in many areas such 

as energy, pharmaceutical formulations, biomedical sciences, and technology. 

In the biomedical field, ILs have been intensively investigated for use as 

potential solvents for some polysaccharides to overcome their lack of solubility 

and processability. This review focuses on the application of ILs as solvents and 

reaction media to develop chitin- and chitosan-based materials. Dissolution of 

chitin and chitosan in ILs such as 1-butyl-imidazolium acetate (BMIMAc) and 

1-ethyl-3-methylimidazolium chloride (BMIMCl) has been used to create 

materials including sponges, films, microspheres, and aerogels. Moreover, ILs 

have a key role in chemical reactions, hydrolysis, acetylation, deacetylation and 

graft copolymerization of chitin/chitosan, promoting homogeneous media and 

thus enhancing the efficiency of the reactions. The resulting materials can be 

applied in wound healing, tissue regeneration, gene delivery, and drug delivery 

systems. In particular, they have been designed to support tissue regeneration 

and to act as hemostatic and antibacterial agents and/or delivery vehicles for 

drugs. Although IL platforms offer new ways for the sustainable processing of 

chitin and chitosan to a variety of matrices, studies involving their in 

vivo biocompatibility are scarce, and this has prevented these advances being 

turned into clinical solutions. 
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Green Analytical Techniques 

Microfluidics with in situ Raman spectroscopy for the 

characterization of non-polar/aqueous interfaces 

React. Chem. Eng., 2017, Advance Article. DOI: 10.1039/C6RE00177G 

The design of microfluidics with in situ Raman spectroscopy is reported in the 

present work for the investigation of immiscible non-polar/aqueous 

interactions. A dynamic aqueous phase in contact with a static hydrophobic 

phase (semi-flow) was engineered on-chip by performing a force balance, and 

it was validated using high-resolution in situ Raman spectroscopy. The semi-

flow microfluidic device isolated non-polar solvents in a series of micro-

reservoirs that communicated with aqueous laminar flows via molecular 

diffusion. As a consequence, the inspection of concentration and density 

profiles from the bulk-to-bulk of toluene–, diethyl ether–, and xylenes–water 

were made possible. The Schlieren pattern was observed for all solvent pairs, 

and the bulk-to-bulk region was characterized by water rarefaction (17.5 to 23.2 

μm), mixing (3.4 to 6.4 μm), and hydrophobic shockwaves (34.9 to 38.8 μm). 

Understanding the position, thickness, and profiles of each zone revealed new 

insight on the chemistry at the interface, which could someday be used to 

validate molecular simulations, reduce the quantities of solvents wasted during 

separations/purifications of compounds, and improve kinetic models for mixed 

mass-transfer-reaction-rate-limited and mass-transfer-limited scenarios in 

continuous-flow processes. 
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DNA as an environmental sensor: detection and 

identification of pesticide contaminants in water with 

fluorescent nucleobases 

Org. Biomol. Chem., 2017, 15, 1801-1809. DOI: 10.1039/C6OB02830F 

Environmental contaminants pose a substantial health risk in many areas of 

the world. One of these risks is contamination of water with toxic organic 

species, such as herbicides and insecticides. Here we describe the discovery and 

properties of a set of fluorescent chemosensors that respond to micromolar 

concentrations of a broad range of common organic pesticides. The 

chemosensors are short DNA-like oligomers with fluorophores replacing DNA 

bases that are assembled via a DNA synthesizer. We screened a library of 1296 

tetrameric compounds on polystyrene microbeads, and identified a set of 

chemosensor sequences that respond strongly to a set of structurally varied 

pesticide analytes. We show that ten chemosensors on beads can be used to 

detect and identify 14 different common pesticides at 100 μM, using the pattern 

of fluorescence intensity and wavelength changes. Limits of detection for two 

analytes were as low as 2 μM. The chemosensors are shown to function 

successfully in a practical setting, correctly identifying unknown pesticide 

contaminants in water from Felt Lake, California. The results establish a simple, 

low cost strategy for sensing environmental spills of toxic organics. 
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Mathematical Modeling of Fast Biomass Pyrolysis and Bio-

Oil Formation. Note I: Kinetic Mechanism of Biomass 

Pyrolysis 

ACS Sustainable Chem. Eng., 2017, Advance Article. DOI: 

10.1021/acssuschemeng.6b03096 

The detailed kinetic modeling of pyrolysis and combustion of biomass and bio-

oil formation is discussed. Different critical steps are involved in this 

multicomponent, multiphase and multiscale problem. The first complexity 

relies on biomass characterization with the selection of reference species: 

cellulose, hemicellulose, lignins, and extractives. Fast pyrolysis involves kinetic 

mechanisms, first in the solid phase for biomass pyrolysis, then in gas-phase 

for secondary reactions of released products. These mechanisms involve large 

number of species and reactions, which make computations expensive. They 

need to be simplified, while still maintaining their description capability. 

Lumping procedures are extensively applied to allow the development of the 

overall model. Multistep pyrolysis mechanisms of reference species are 

discussed with several comparisons with experimental data.  
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綠能前線：「碳」為觀止，減碳新利用 

喬治華盛頓大學研究團隊近期在美國化學學會（American Chemical Society , ACS）

及奈米快報（Nano Letter）上發布一項新的奈米材料技術，可將二氧化碳分解為

碳奈米纖維，這項新技術幾乎可以在所有類型的電廠中運作。 

 

碳奈米纖維強度是鋼或鋁的20 倍以上，重量更輕，未來將成為鋼與鋁材料市場

的替代商品之一。目前碳奈米纖維高端應用廣泛，如電子零組件、電池、飛機與

汽車零組件、紡織品如防彈背心等。該項研究已在天然氣複循環機組電廠中試行，

首席研究員 Stuart Licht 說明，在複循環機組中搭載電解槽，將碳酸鹽加熱到

750°C 熔化後，通電做為電解液。這時把燃燒廢氣導入，燃燒廢氣中的二氧化碳

便會被分解為氧氣和固態的碳奈米纖維，再從不鏽鋼製成的電極上取下碳奈米纖

維即可。此項技術的優勢在於所需的能量不高，除了電費以外，所需的原料即為

燃燒廢氣，研究團隊已經成功結合高效能太陽能電池應用及溫度控制，將空氣中

的二氧化碳轉化為碳奈米纖維。 

研究團隊指出，複循環電廠每公噸甲烷燃料可產出909 美元的電力，並排出2.74 

噸的二氧化碳；若能將碳捕捉奈米纖維技術導入，每公噸甲烷燃料可產出835 美

元電力（發電產能約降低8%），卻能產出0.75 公噸的碳奈米纖維，市價約22 萬

5 千美元，同時達到低碳發電的目標。換句話說，碳纖維奈米的商業價值以及二

氧化碳減排效益，遠遠超過發電效率微幅下滑的缺點。以目前的技術水準，每小

時能生產10 克碳奈米纖維，每噸碳奈米纖維所需的電能成本僅約2,000美元，而
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工業級的碳奈米纖維平均售價1 噸30 萬美元，其價值是碳稅（約30 美元／噸）

的1 萬倍。不但減碳，還具有相當高的投資報酬率。 

 

(原文與圖片轉自經濟部能源局能源報導2016年第12期<<「碳」為觀止，減碳新

利 用 >>, http://energymonthly.tier.org.tw/cnt.asp?issue=201612&page=34) 

(參考原文及文獻: Researchers assess power plants that convert all of their CO2 

emissions into carbon nanotubes, https://phys.org/news/2016-06-power-co2-

emissions-carbon-nanotubes.html; 

One-Pot Synthesis of Carbon Nanofibers from CO2 

Nano Lett., 2015, 15, 6142–6148. DOI: 10.1021/acs.nanolett.5b02427 

Thermodynamic assessment of CO2 to carbon nanofiber transformation for 

carbon sequestration in a combined cycle gas or a coal power plant 

Energy Conversion and Management, 2016, 122, 400–410. DOI: 

10.1016/j.enconman.2016.06.007 

 

http://energymonthly.tier.org.tw/cnt.asp?issue=201612&page=34
https://phys.org/news/2016-06-power-co2-emissions-carbon-nanotubes.html
https://phys.org/news/2016-06-power-co2-emissions-carbon-nanotubes.html
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中央研究院化學研究所 江明錫 

引言 

隨著天氣越來越熱，街上人群的穿著也就越來越短。鏡頭轉向化學實驗室內，我

們可以看到的是，在大多數的化學實驗室中，工作人員的穿著竟和逛街的人潮並

無太大差異，這景像令人觸目驚心了。想想化學實驗室內有各式各樣危險物，工

作人員穿著短衣短褲、涼鞋，甚至不戴手套及護目鏡。有時化學抽氣櫃也不能正

常發揮功用，同時地上堆滿廢液桶、開封的溶劑罐，空氣中迷漫著“異國風味”(此

時的異國是天堂還是地獄?)，在這種環境下工作是充滿危險的。雖然台灣的化學

實驗環境相較多年前已大幅改善，但仍有很大的進步空間。這中間最大的癥結是

工作者及提供工作者並無足夠的認知：化學安全是化學的根基。 

 

Adapted from https://www.tes.com/lessons/SWQZZ_OQjbrCAA/lab-safety 
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然而，從過去以來，我們從法規的制訂與執行到化學操作之安全訓練皆不到位，

因此造成不時有事故發生。並且未獲得足夠安全訓練的人員離開學校進入產業界，

也造成業者的困擾及需要對新進者再訓練。為了提供在學人員更多的訓練以及協

助他們進入產業有更好的銜接，化學學會趙奕姼秘書長(中研院化學所)在 4/23 

招開一次集思會，參與者包含多位產、學、研先進，討論如何落實實驗室安全。

初部的想法包含主動與勞動部環保署教育部互動、比照美國化學會發佈化學實驗

室安全規範、制定化學環安衛的教育訓練模式與統一教材，建議化學藥品資料庫

格式，提升通用性與便利性等。 

本次 newsletter 中，特別包含數個 ACS 發表的 webinars，其中內容包含如何

評估化學實驗室中的潛在危險、如何避免新手容易發生的意外、以及如何透過執

行綠色化學守則去建立更安全更永續的化學實驗室。另外，本次也提供一個簡易

的工具 the Ecoscale，大家可利用此工具快速評估所從事的有機製備方法永續程

度有多少。 

在完成本文之當下，英國牛津大學才報導發生一起化學意外，四人被緊急送往當

地醫院急救。同時，位於美國北卡州 Dunn 的 Brained Chemical 也發生危險

物質外洩，一位工作者受輕傷。總言而之，假如我們能夠多用心，化學實驗室是

安全的工作場所。倘若，我們忽略其中潛在危險，那化學實驗室就可能是不安全

的工作場所。對於實驗室中潛在危險，我們要抱持的原則是“勿恃敵之不來，恃

吾有以待之”。 

 

 

Tools: 

the Ecoscale 

 

Hazard assessment in research laboratories by ACS, providing the information 

to everyone in the laboratory understands how to identify hazards, assess risk, 

and select the appropriate control measures to eliminate a hazard or minimize 

risk, accidents, injuries and near misses can be reduced. 

 

Identifying and evaluating hazards in research laboratories, Guidelines 

developed by the Hazard Identification and Evaluation Task Force of the 

American Chemical Society’s Committee on Chemical Safety  

  

http://ecoscale.cheminfo.org/calculator
http://www.heart.co.uk/thamesvalley/news/local/chemical-incident-at-university-of-oxford/#MfslODLI0hXZglPt.97
http://abc11.com/news/accidental-chemical-release-under-control/2141343/
http://abc11.com/news/accidental-chemical-release-under-control/2141343/
http://ecoscale.cheminfo.org/calculator
https://www.acs.org/content/acs/en/about/governance/committees/chemicalsafety/hazard-assessment.html
https://www.acs.org/content/dam/acsorg/about/governance/committees/chemicalsafety/publications/identifying-and-evaluating-hazards-in-research-laboratories.pdf
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Webinars 

1. ACS Webinar: Creating a 21st Century Chemical 

Research Laboratory: Hazard Assessments and 

Fundamentals 

Safety in the laboratory requires a full team effort to be successful. When 

everyone in the laboratory understands how to identify hazards, assess risk, 

and select the appropriate control measures to eliminate a hazard or 

minimize risk, accidents, injuries and near misses can be reduced. 

2. ACS Webinar: How to Create a Safer and More 

Sustainable Lab Through Green Chemistry 

Incorporating the principles of green chemistry into your lab can do more 

than lessen your ecological footprint.  

3. ACS Webinar: Tragic Chemical Accidents: Tales, 

Investigations, and Lessons Learned 

You may have heard about the university lab accident at Texas Tech, fatal 

firework accident in Hawaii, and natural gas explosion at ConAgra plant. Dr. 

Mary Beth Mulcahy of the US Chemical Safety Board shares the amazing 

work done by the CSB investigative staff and the valuable lessons all 

chemists can learn to prevent chemical accidents.  

4. ACS Webinar: Rookie Lab Mistakes and Other Facts Not 

Found in Textbooks 

There is a learning curve for everything, but mistakes made in the lab can 

ruin your research and cause dangerous accidents. 

5. ACS Webinar: Tragic Chemical Accidents: Combustible 

Dust Hazards 

Combustible dust continues to be responsible for catastrophic incidents in 

the chemical processing industry. Despite recommendations from CSB 

urging OSHA to develop regulations which enforce NFPA dust standards 

which already exist, OSHA has not released any new regulations.  

https://www.acs.org/content/acs/en/acs-webinars/professional-development/hazard.html
https://www.acs.org/content/acs/en/acs-webinars/professional-development/hazard.html
https://www.acs.org/content/acs/en/acs-webinars/professional-development/hazard.html
https://www.acs.org/content/acs/en/acs-webinars/professional-development/green-safety.html
https://www.acs.org/content/acs/en/acs-webinars/professional-development/green-safety.html
https://www.acs.org/content/acs/en/acs-webinars/professional-development/tragic-chemical-accidents-mulcahy.html
https://www.acs.org/content/acs/en/acs-webinars/professional-development/tragic-chemical-accidents-mulcahy.html
https://www.acs.org/content/acs/en/acs-webinars/professional-development/rookie-mistakes.html
https://www.acs.org/content/acs/en/acs-webinars/professional-development/rookie-mistakes.html
https://www.acs.org/content/acs/en/acs-webinars/professional-development/accidents-dust.html
https://www.acs.org/content/acs/en/acs-webinars/professional-development/accidents-dust.html
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Upcoming Conferences 

1. International Conference on Green and Sustainable 

Chemistry 

July 23-26, 2017, Melbourne, Australia 

Theme: Energy Security and General Storage, Clean Synthesis - Cell to Flow 

Reactors, New Green Chemical Processes and Their Optimization, Green 

Catalysts, Green Materials and their Engineering, Business Models in Green 

Chemistry, Education Initiatives in Green Chemistry 

2. 5th International Conference on Green Chemistry and 

Technology 

July 24-26, 2017, Rome, Italy 

Theme: Recent Innovations and Concerns of Green Chemistry towards 

Sustainability 

5th International Conference on Green Chemistry will focus on many interesting 

scientific sessions and covers all frontier topics in Green Chemistry, which 

include: Basic Principles in Green Chemistry, Green Catalysis, Green Materials, 

Green Synthesis and Designing, Greener Bioprocesses, Green Energy, Waste 

Valorization Techniques, Green Economy, Green Engineering & Manufacturing, 

Green Polymers, Green Catalyst & Reagents, and many more. The focus is 

mainly on minimizing the hazards and maximizing the efficiency of any 

chemical choice. The conference also includes keynote speeches by prominent 

personalities from around the globe in addition to both oral and poster 

presentations. 

3. 6th International Congress on Sustainability Science & 

Engineering 

October 1-5, 2017, Barcelona, Spain 

Theme: The transition to sustainable living, Sustainable technologies in 

manufacturing and processing industries, Bringing sustainability to the 

mainstream 

4. 7th IUPAC International Conference on Green 

Chemistry 

October 2-5, 2017, Moscow, Russia 

Theme: development of chemistry within planetary boundaries 
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The 7th IUPAC International Conference on Green Chemistry mainly focuses 

on the following topics: Green Materials, Green Industrial Processes (Cleaner 

production and Green Nanotechnologies), Green nature-like technology 

(Supramolecular systems and life-sustaining functions of non-living organic 

matter), Capacity-building and technical cooperation (Education). 

5. 4th International Conference on Past and Present 

Research Systems of Green Chemistry 

October 16-18, 2017, Atlanta, Georgia, USA 

Theme: Advances in Continuous Green Chemistry: Back to the Future 
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News 

1. Want to cut your electric bill? This solar paint could do 

the trick 

A team of Australian scientists has invented a solar paint that could soon 

power our homes and cars. The team, led by Torben Daeneke, says they are 

hopeful that this new solar paint will provide a clean and affordable source 

of energy for people around the globe. While the idea of powering our cars 

by paint might sound like something out of a science-fiction novel, the 

concept behind this paint is fairly simple. By combining a catalyst with the 

white color used in toothpaste, the research team was able to create a white 

paint that, when combined with sunlight, turns water into hydrogen which 

can then be used to power cars. 

http://www.techtimes.com/articles/210056/20170615/want-to-cut-your-

electric-bill-this-solar-paint-could-do-the-trick.htm 

 

2. Organic acids grow on the farm: Livestock farmers 

adopt the additives as replacements for growth-

promoting antibiotics 

With antibiotics increasingly being shunned as growth promoters, chemical 

makers are investing in short-chain organic acids as a new way to help 

http://www.techtimes.com/articles/208535/20170529/forward-labs-has-solar-roofs-that-are-33-percent-more-affordable-than-teslas.htm
http://www.techtimes.com/articles/210056/20170615/want-to-cut-your-electric-bill-this-solar-paint-could-do-the-trick.htm
http://www.techtimes.com/articles/210056/20170615/want-to-cut-your-electric-bill-this-solar-paint-could-do-the-trick.htm
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farmers increase meat production without contributing to antimicrobial 

resistance. The specialty chemical company Oxea just completed an 

expansion of its plant in Oberhausen, Germany, that boosts output of short-

chain organic acids such as propionic acid, butyric acid, and isobutyric acid. 

http://cen.acs.org/articles/95/i23/Organic-acids-grow-on-the-

farm.html?type=paidArticleContent 

3. Green chemistry efforts honored: 2017 Green 

Chemistry Challenge Awards hail streamlined 

syntheses, dye-free printing, and more 

The 12 Principles of Green Chemistry are a how-to guide written 20 years 

ago for chemists and chemical engineers. They provide insight on 

developing new chemicals and chemical processes and revitalizing existing 

ones so that they achieve their desired function while being environmentally 

and economically friendly. It’s a creative challenge to put the 12 principles 

into action. 

Five technologies that have succeeded in meeting that creative challenge are 

being recognized with 2017 Green Chemistry Challenge Awards. 

Merck, Dow Chemical, Koehler, Amgen, Bachem, UniEnergy Technologies, 

and University of Pennsylvania chemistry professor Eric J. Schelter were 

honored for their achievements at a ceremony held on June 12 at the 

National Academy of Sciences in Washington, D.C. 

http://cen.acs.org/articles/95/i25/Green-chemistry-efforts-honored.html 

 
Dow R&D manager Brian Einsla prints logos on BPA-free, polymer-coated thermal paper. 

http://cen.acs.org/articles/95/i23/Organic-acids-grow-on-the-farm.html?type=paidArticleContent
http://cen.acs.org/articles/95/i23/Organic-acids-grow-on-the-farm.html?type=paidArticleContent
https://www.acs.org/content/acs/en/greenchemistry/what-is-green-chemistry/principles/12-principles-of-green-chemistry.html
http://www.compoundchem.com/2015/09/24/green-chemistry/
https://www.epa.gov/greenchemistry/information-about-presidential-green-chemistry-challenge
http://www.dow.com/
https://www.koehlerpaper.com/en/
http://scheltergroup.chem.upenn.edu/
http://cen.acs.org/articles/95/i25/Green-chemistry-efforts-honored.html
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4. These natural beauty brands are using big data to give 

skin care a makeover 

Armed with a new website, Follain is teaming up with brands that take a 

science-based approach to natural beauty. The goal? To demystify the 

industry and bust the long-prevailing myth that beauty products need toxins. 

Store associates at Follain are used to hearing people’s intimate secrets. 

Tara Foley, who founded the natural beauty chain in 2013, says it’s not 

unusual for employees at its locations in New York and Boston to be the first 

to learn that, for instance, someone is pregnant. That only makes sense 

when you think about the nature of the business. “Doctors advise women to 

stop using certain chemicals during their pregnancy,” Foley tells Fast 

Company. “So they come here as soon as they find out, looking for 

alternative beauty products.” 

https://www.fastcompany.com/40402317/these-natural-beauty-brands-

are-using-big-data-to-give-skin-care-a-makeover 

 

5. Experts agree EPA review of dioxane, other toxic 

chemicals is needed 

From a public health standpoint, there's a lot at stake in how the U.S. 

Environmental Protection Agency decides to implement new rules and 

regulations for toxic chemicals in the coming years. 

One of the first 10 chemicals the EPA has chosen to closely evaluate 

following 2016 amendments to the Toxic Substances Control Act of 1976 is 

1,4-dioxane, an industrial pollutant spreading through Ann Arbor's 

groundwater. 

https://www.fastcompany.com/40402317/these-natural-beauty-brands-are-using-big-data-to-give-skin-care-a-makeover
https://www.fastcompany.com/40402317/these-natural-beauty-brands-are-using-big-data-to-give-skin-care-a-makeover
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http://www.mlive.com/news/ann-

arbor/index.ssf/2017/03/experts_agree_epa_review_of_di.html 

6. Pesticides can cause brain damage and organic food is 

the future, EU report says: Organic food contains fewer 

chemicals so may be healthier 

Eating food with high levels of pesticides has an adverse effect on the brain, 

according to a review of existing scientific evidence commissioned by 

the European Parliament.  

The MEPs wanted to know whether organic food was healthier than 

conventionally grown crops and asked experts to look at the relevant 

research. A report based on the review said a California study had found that 

children whose mothers had traces of organophosphate metabolites – the 

basis for many pesticides – during pregnancy were more likely to have 

“adverse mental development at two years of age, attention problems at 

three-and-a-half and five years, and poorer intellectual development at 

seven years". 

http://www.independent.co.uk/environment/environment-report-eu-

pesticide-link-brain-damage-lower-iq-billions-of-pounds-lost-organic-

food-a7771056.html 

 

http://www.mlive.com/news/ann-arbor/index.ssf/2017/03/experts_agree_epa_review_of_di.html
http://www.mlive.com/news/ann-arbor/index.ssf/2017/03/experts_agree_epa_review_of_di.html
http://www.independent.co.uk/environment/environment-report-eu-pesticide-link-brain-damage-lower-iq-billions-of-pounds-lost-organic-food-a7771056.html
http://www.independent.co.uk/environment/environment-report-eu-pesticide-link-brain-damage-lower-iq-billions-of-pounds-lost-organic-food-a7771056.html
http://www.independent.co.uk/environment/environment-report-eu-pesticide-link-brain-damage-lower-iq-billions-of-pounds-lost-organic-food-a7771056.html
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7. These Shoes Help Clean Lakes–Because They’re Made 

Of Polluting Algae: The new water-resistant Ultra II’s 

have a little less oil, because some of it’s been replaced 

by the massive clouds of algae that have been poisoning 

a Chinese lake. 

After a massive explosion of algae growth in China’s Lake Taihu a 

decade ago left more than two million people in the area temporarily 

without safe drinking water, the government started spending 

hundreds of millions of dollars a year to try to solve the algae problem. 

One part of the solution: working with a company that harvests algae 

from the lake before it grows out of control, and turns it into a flexible, 

rubbery material that is now being made into shoes. 

Vivobarefoot’s water-resistant Ultra III shoes are usually made from a 

petroleum-based version of the same material, ethylene-vinyl acetate 

(EVA). But a version that will launch in July is made from a blend of 

algae and EVA, instead. To get enough algae to make one pair means 

cleaning 57 gallons of water, which are then returned to the lake. 

https://www.fastcompany.com/40425032/these-shoes-help-clean-

lakes-because-theyre-made-of-polluting-algae 

 

8. Microplastics plague the lagoon 

The crabs and oysters we eat from the Indian River Lagoon harbor tiny bits 

of plastic, with unknown health risks to us and to them, new research 

suggests. 

https://www.vivobarefoot.com/us/blog/may-2017/vivobarefootxbloom
https://www.fastcompany.com/40425032/these-shoes-help-clean-lakes-because-theyre-made-of-polluting-algae
https://www.fastcompany.com/40425032/these-shoes-help-clean-lakes-because-theyre-made-of-polluting-algae
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University of Central Florida researchers say our old fraying boat ropes, 

fishing equipment, fibers from synthetic clothes and other broken-down 

plastic bits are the source. The so-called microplastics can harm oysters, 

crabs and other marine life, but long-term health and ecological effects 

remain uncertain. "In general, microplastic fibers dominated in oyster and 

crab tissue," Heidi R. Waite, wrote in a recent paper she submitted as part 

of her honors thesis at University of Central Florida. 

http://www.floridatoday.com/story/news/local/environment/2017/05/26

/microplastics-plague-lagoon/349106001/ 

 

9. China steps up pollution fight: National government 

deploys inspectors to crack down on industrial 

pollution 

China’s Ministry of Environmental Protection (MEP) is sending 5,600 

inspectors throughout the north of China as part of a one-year crackdown 

on the air pollution that afflicted Beijing, Tianjin, and other major Chinese 

cities for most of the winter. The national government’s move suggests that 

it doubts the ability or willingness of provincial and municipal 

administrations to confront polluters. 

http://www.floridatoday.com/story/news/local/environment/2017/05/26/microplastics-plague-lagoon/349106001/
http://www.floridatoday.com/story/news/local/environment/2017/05/26/microplastics-plague-lagoon/349106001/
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http://cen.acs.org/articles/95/i16/China-steps-up-pollution-

fight.html?type=paidArticleContent 

10. Experts call for global standard to communicate 

chemicals in products: Chemical Watch Summit hears 

views on last decade and predictions for next 

The need for much more information on which chemicals are in finished 

products featured highly in a panel discussion at this week's Chemical 

Watch Global Business Summit in Amsterdam. Looking back over ten years 

of international chemicals management – and forward to the next ten – 

several members of the panel said there is a growing need for a system to 

provide such information. 

https://chemicalwatch.com/54570/experts-call-for-global-standard-to-

communicate-chemicals-in-products 

 

11. Lack of safety management system led to explosion: 

CSB releases a report on the 2016 explosion at an Airgas 

facility that killed one worker 

A 2016 Airgas facility explosion that killed one worker reveals a gap in 

federal process safety requirements for facilities that manufacture 

hazardous substances, a new reportsays. The plant in Cantonment, Fla., 

which makes nitrous oxide, was not in violation of federal regulations when 

the explosion happened, the U.S. Chemical Safety Board (CSB) says in an 

investigation report released last week. 

http://cen.acs.org/articles/95/i17/Lack-safety-management-system-

led.html?type=paidArticleContent 

12. A ‘bionic leaf’ could help feed the world 

In the second half of the 20th century, the mass use of fertilizer was part of 

an agricultural boom called the “green revolution” that was largely credited 

http://cen.acs.org/articles/95/i16/China-steps-up-pollution-fight.html?type=paidArticleContent
http://cen.acs.org/articles/95/i16/China-steps-up-pollution-fight.html?type=paidArticleContent
https://chemicalwatch.com/54570/experts-call-for-global-standard-to-communicate-chemicals-in-products
https://chemicalwatch.com/54570/experts-call-for-global-standard-to-communicate-chemicals-in-products
http://www.csb.gov/csb-releases-final-report-into-2016-nitrous-oxide-explosion-at-airgas-facility-in-cantonment-florida-noting-safety-management-system-and-regulatory-deficiencies-contributed-to-the-incident/
http://cen.acs.org/articles/95/i17/Lack-safety-management-system-led.html?type=paidArticleContent
http://cen.acs.org/articles/95/i17/Lack-safety-management-system-led.html?type=paidArticleContent
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with averting a global food crisis. Now, the challenge of feeding the world 

looms again as the population continues to balloon. To help spur the next 

agricultural revolution, researchers have invented a “bionic” leaf that uses 

bacteria, sunlight, water and air to make fertilizer in the very soil where 

crops are grown. 

https://www.acs.org/content/acs/en/pressroom/newsreleases/2017/april

/bionic-leaf-could-help-feed-the-world.html 

 
 

 

 

 

 

 

  

https://www.acs.org/content/acs/en/pressroom/newsreleases/2017/april/bionic-leaf-could-help-feed-the-world.html
https://www.acs.org/content/acs/en/pressroom/newsreleases/2017/april/bionic-leaf-could-help-feed-the-world.html
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Reviews and Papers 

Decarboxylative borylation 

Science 2017, 356, eaam7355. DOI: 10.1126/science.aam7355 

The widespread use of alkyl boronic acids and esters is frequently hampered by 

the challenges associated with their preparation. We describe a simple and 

practical method to rapidly access densely functionalized alkyl boronate esters 

from abundant carboxylic substituents. This broad-scope nickel-catalyzed 

reaction uses the same activating principle as amide bond formation to replace 

a carboxylic acid moiety with a boronate ester. Application to peptides allowed 

expedient preparations of α-amino boronic acids, often with high 

stereoselectivity, thereby facilitating synthesis of the alkyl boronic acid drugs 

Velcade and Ninlaro as well as a boronic acid version of the iconic antibiotic 

vancomycin. The reaction also enabled the discovery and extensive biological 

characterization of potent human neutrophil elastase inhibitors, which offer 

reversible covalent binding properties. 
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Remote carboxylation of halogenated aliphatic 

hydrocarbons with carbon dioxide 

Nature 2017, 545, 84–88. DOI: 10.1038/nature22316 

Catalytic carbon–carbon bond formation has enabled the streamlining of 

synthetic routes when assembling complex molecules1. It is particularly 

important when incorporating saturated hydrocarbons, which are common 

motifs in petrochemicals and biologically relevant molecules. However, cross-

coupling methods that involve alkyl electrophiles result in catalytic bond 

formation only at specific and previously functionalized sites2. Here we describe 

a catalytic method that is capable of promoting carboxylation reactions at 

remote and unfunctionalized aliphatic sites with carbon dioxide at atmospheric 

pressure. The reaction occurs via selective migration of the catalyst along the 

hydrocarbon side-chain3with excellent regio- and chemoselectivity, 

representing a remarkable reactivity relay when compared with classical cross-

coupling reactions. Our results demonstrate that site-selectivity can be 

switched and controlled, enabling the functionalization of less-reactive 

positions in the presence of a priori more reactive ones. Furthermore, we show 

that raw materials obtained in bulk from petroleum processing, such as alkanes 

and unrefined mixtures of olefins, can be used as substrates. This offers an 

opportunity to integrate a catalytic platform en route to valuable fatty acids by 

transforming petroleum-derived feedstocks directly. 

 

 

Bifluoride-catalysed sulfur(VI) fluoride exchange 

reaction for the synthesis of polysulfates and 

polysulfonates 

Nature Chem. 2017, ASAP. DOI:10.1038/nchem.2796 

Polysulfates and polysulfonates possess exceptional mechanical properties 

making them potentially valuable engineering polymers. However, they have 

been little explored due to a lack of reliable synthetic access. Here we report 

bifluoride salts (Q+[FHF]–, where Q+ represents a wide range of cations) as 

powerful catalysts for the sulfur(VI) fluoride exchange (SuFEx) reaction 

https://www.nature.com/nature/journal/v545/n7652/full/nature22316.html#ref1
https://www.nature.com/nature/journal/v545/n7652/full/nature22316.html#ref2
https://www.nature.com/nature/journal/v545/n7652/full/nature22316.html#ref3
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between aryl silyl ethers and aryl fluorosulfates (or alkyl sulfonyl fluorides). The 

bifluoride salts are significantly more active in catalysing the SuFEx reaction 

compared to organosuperbases, therefore enabling much lower catalyst-

loading (down to 0.05 mol%). Using this chemistry, we are able to prepare 

polysulfates and polysulfonates with high molecular weight, narrow 

polydispersity and excellent functional group tolerance. The process is practical 

with regard to the reduced cost of catalyst, polymer purification and by-product 

recycling. We have also observed that the process is not sensitive to scale-up, 

which is essential for its future translation from laboratory research to 

industrial applications. 

 

 

A catalytic fluoride-rebound mechanism for C(sp3)-CF3 

bond formation 

Science 2017, 356, pp. 1272-1276. DOI: 10.1126/science.aan1411 

The biological properties of trifluoromethyl compounds have led to their 

ubiquity in pharmaceuticals, yet their chemical properties have made their 

preparation a substantial challenge, necessitating innovative chemical 
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solutions. We report the serendipitous discovery of a borane-catalyzed formal 

C(sp3)-CF3 reductive elimination from Au(III) that accesses these compounds 

by a distinct mechanism proceeding via fluoride abstraction, migratory 

insertion, and C-F reductive elimination to achieve a net C-C bond construction. 

The parent bis(trifluoromethyl)Au(III) complexes tolerate a surprising breadth 

of synthetic protocols, enabling the synthesis of complex organic derivatives 

without cleavage of the Au-C bond. This feature, combined with the “fluoride-

rebound” mechanism, was translated into a protocol for the synthesis of 18F-

radiolabeled aliphatic CF3-containing compounds, enabling the preparation of 

potential tracers for use in positron emission tomography. 

 

 

Understanding the Unusual Reduction Mechanism of 

Pd(II) to Pd(I): Uncovering Hidden Species and 

Implications in Catalytic Cross-Coupling Reactions 

J. Am. Chem. Soc. 2017, 139, pp 5194–5200. DOI: 10.1021/jacs.7b01110 

The reduction of Pd(II) intermediates to Pd(0) is a key elementary step in a vast 

number of Pd-catalyzed processes, ranging from cross-coupling, C–H 

activation, to Wacker chemistry. For one of the most powerful new generation 

phosphine ligands, PtBu3, oxidation state Pd(I), and not Pd(0), is generated 

upon reduction from Pd(II). The mechanism of the reduction of Pd(II) to Pd(I) 

has been investigated by means of experimental and computational studies for 

the formation of the highly active precatalyst {Pd(μ-Br)(PtBu3)}2. The 

formation of dinuclear Pd(I), as opposed to the Pd(0) complex, (tBu3P)2Pd was 
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shown to depend on the stoichiometry of Pd to phosphine ligand, the order of 

addition of the reagents, and, most importantly, the nature of the palladium 

precursor and the choice of the phosphine ligand utilized. In addition, through 

experiments on gram scale in palladium, mechanistically important additional 

Pd- and phosphine-containing species were detected. An ionic Pd(II)Br3 dimer 

side product was isolated, characterized, and identified as the crucial driving 

force in the mechanism of formation of the Pd(I) bromide dimer. The potential 

impact of the presence of these side species for in situ formed Pd complexes in 

catalysis was investigated in Buchwald–Hartwig, α-arylation, and Suzuki–

Miyaura reactions. The use of preformed and isolated Pd(I) bromide dimer as 

a precatalyst provided superior results, in terms of catalytic activity, in 

comparison to catalysts generated in situ. 

 

 

Direct one-pot conversion of monosaccharides into high-

yield 2,5-dimethylfuran over a multifunctional Pd/Zr-

based metal–organic framework@sulfonated graphene 

oxide catalyst 

Green Chem. 2017, 19, pp 2482-2490. DOI: 10.1039/C7GC00269F 

A one-pot conversion of monosaccharides (fructose and glucose) into high-yield 

2,5-dimethylfuran (2,5-DMF) is demonstrated over a multifunctional catalyst 

obtained by loading Pd on a Zr-based metal–organic framework (UiO-66) that is 

deposited on sulfonated graphene oxide (Pd/UiO-66@SGO). The Brønsted acidity 

associated with UiO-66@SGO activates the fructose dehydration to form 5-

hydroxymethylfurfural (5-HMF), while the Pd nanoparticles further convert 5-

HMF to 2,5-DMF by hydrogenolysis and hydrogenation. The results show that 

under the optimized reaction conditions of 160 °C and 1 MPa H2 in tetrahydrofuran 

for 3 h, the yield of 2,5-DMF is as high as 70.5 mol%. This value is higher than the 

previously reported values, and the direct conversion of fructose can be achieved 
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without additional purification of 5-HMF from the reaction mixture. In addition, 

for the first time, glucose is converted to 2,5-DMF with a high yield of 45.3 mol%. 

A recyclability test suggests that the 4.8 wt% Pd loaded on the UiO-66@SGO 

catalyst can be re-used up to five times. 

 

 

 

A Sensor for Trace H2O Detection in D2O 

Chem 2017, 2, 579–589. DOI: 10.1016/j.chempr.2017.02.010 

PCM-22, a metal-organic framework material comprising triphenylphosphine 

and Ln3+ions (Ln = Pr–Yb), exhibits solid-state luminescence at room 

temperature. Mixed-metal versions of PCM-22 that contain controlled amounts 

of Eu3+, Gd3+, and Tb3+ function as highly sensitive, broad-scope solid-state 

sensors that can rapidly identify unknown solvents by providing a unique 

“eight-factor” fingerprint. The sensors allow for immediate solvent 

identification via color changes that are obvious to the naked eye and also 

permit quantitative chemical analysis by uncomplicated spectrophotometry. 

These same materials achieve quantitative detection of H2O in D2O from 10 to 

120,000 ppm. The detection of trace H2O is also demonstrated in a range of 

common solvents, including those incompatible with conventional laboratory 

titration methods. 
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Ultralight Cut-Paper-Based Self-Charging Power Unit for 

Self-Powered Portable Electronic and Medical Systems 

ACS Nano 2017, 11, 4475–4482. DOI: 10.1021/acsnano.7b00866 

The development of lightweight, superportable, and sustainable power sources 

has become an urgent need for most modern personal electronics. Here, we 

report a cut-paper-based self-charging power unit (PC-SCPU) that is capable of 

simultaneously harvesting and storing energy from body movement by 

combining a paper-based triboelectric nanogenerator (TENG) and a 

supercapacitor (SC), respectively. Utilizing the paper as the substrate with an 

assembled cut-paper architecture, an ultralight rhombic-shaped TENG is 

achieved with highly specific mass/volume charge output (82 nC g–1/75 nC cm–

3) compared with the traditional acrylic-based TENG (5.7 nC g–1/5.8 nC cm–3), 

which can effectively charge the SC (∼1 mF) to ∼1 V in minutes. This wallet-

contained PC-SCPU is then demonstrated as a sustainable power source for 

driving wearable and portable electronic devices such as a wireless remote 

control, electric watch, or temperature sensor. This study presents a potential 

paper-based portable SCPU for practical and medical applications. 
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Degradable Poly(lactic acid)/Metal–Organic Framework 

Nanocomposites Exhibiting Good Mechanical, Flame 

Retardant, and Dielectric Properties for the Fabrication of 

Disposable Electronics 

Ind. Eng. Chem. Res. 2017, 56, 3887–3894. DOI: 10.1021/acs.iecr.6b04204 

Nano metal–organic frameworks (ZIF-8) particles were synthesized, and 

poly(lactic acid) (PLA)/ZIF-8 nanocomposite films were prepared by solution-

blending and film-casting methods. The addition of nano ZIF-8 particles 

improved the mechanical properties and had an impact on the crystallization of 

PLA. The electrical properties of the PLA/ZIF-8 nanocomposites were found to 

be dependent on the frequency and the ZIF-8 content. The prepared PLA/ZIF-

8 films had good transparency even as the content of the nano ZIF-8 particles 

reached 3 wt %. Compared with 21.5% of pure PLA, the limited oxygen index 

value of the nanocomposite film containing 1 wt % ZIF-8 reached 26.0%. 

Therefore, it is proposed that the prepared nanocomposites can be used as the 

substrates and dielectric to make disposable electronics. The char residues after 

burning were studied in detail by scanning electron microscopy and Raman and 

X-ray photoelectron spectroscopies, and the flame retardant mechanism was 

also discussed. 
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CO2-Selective Absorbents in Air: Reverse Lipid Bilayer 

Structure Forming Neutral Carbamic Acid in Water 

without Hydration 

J. Am. Chem. Soc. 2017, 139, 4639–4642. DOI: 10.1021/jacs.7b01049 

Emission gas and air contain not only CO2 but also plentiful moisture, making 

it difficult to achieve selective CO2 absorption without hydration. To generate 

absorbed CO2 (wet CO2) under heating, the need for external energy to release 

the absorbed water has been among the most serious problems in the fields of 

carbon dioxide capture and storage (CCS) and direct air capture (DAC). We 

found that the introduction of the hydrophobic phenyl group into alkylamines 

of CO2 absorbents improved the absorption selectivity between CO2 and water. 

Furthermore, ortho-, meta-, and para-xylylenediamines (OXDA, MXDA, 

PXDA, respectively) absorbed only CO2 in air without any hydration. Notably, 

MXDA·CO2 was formed as an anhydrous carbamic acid even in water, 

presumably because it was covered with hydrophobic phenyl groups, which 

induces a reverse lipid bilayer structure. Dry CO2 was obtained from heating 

MXDA·CO2 at 103–120 °C, which was revealed to involve chemically the 

Grignard reaction to form the resulting carboxylic acids in high yields. 
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β-Cyclodextrin Polymer Network Sequesters 

Perfluorooctanoic Acid at Environmentally Relevant 

Concentrations 

J. Am. Chem. Soc. 2017, 139, 7689–7692. DOI: 10.1021/jacs.7b02381 

Per- and poly fluorinated alkyl substances (PFASs), notably perfluorooctanoic 

acid (PFOA), contaminate many ground and surface waters and are 

environmentally persistent. The performance limitations of existing 

remediation methods motivate efforts to develop effective adsorbents. Here we 

report a β-cyclodextrin (β-CD)-based polymer network with higher affinity for 

PFOA compared to powdered activated carbon, along with comparable capacity 

and kinetics. The β-CD polymer reduces PFOA concentrations from 1 μg L–1 to 

<10 ng L–1, at least 7 times lower than the 2016 U.S. EPA advisory level (70 ng 

L–1), and was regenerated and reused multiple times by washing with MeOH. 

The performance of the polymer is unaffected by humic acid, a component of 

natural organic matter that fouls activated carbons. These results are promising 

for treating PFOA-contaminated water and demonstrate the versatility of β-CD-

based adsorbents. 
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Mimicking Melanosomes: Polydopamine Nanoparticles as 

Artificial Microparasols 

ACS Cent. Sci. 2017, Article ASAP. DOI: 10.1021/acscentsci.6b00230 

A primary role of melanin in skin is the prevention of UV-induced nuclear DNA 

damage to human skin cells, where it serves to screen out harmful UV radiation. 

Melanin is delivered to keratinocytes in the skin after being excreted as 

melanosomes from melanocytes. Defects in melanin production in humans can 

cause diseases, many of which currently lack effective treatments due to their 

genetic origins (e.g., skin cancer, vitiligo, and albinism). The widespread 

prevalence of melanin-related diseases and an increasing interest in the 

performance of various polymeric materials related to melanin necessitates 

novel synthetic routes for preparing melanin-like materials. In this work, we 

prepared melanin-like nanoparticles (MelNPs) via spontaneous oxidation of 

dopamine, as biocompatible, synthetic analogues of naturally occurring 

melanosomes, and investigated their uptake, transport, distribution, and UV-

protective capabilities in human keratinocytes. Critically, we demonstrate that 

MelNPs are endocytosed, undergo perinuclear aggregation, and form a 

supranuclear cap, or so-called microparasol in human epidermal keratinocytes 
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(HEKa), mimicking the behavior of natural melananosomes in terms of cellular 

distribution and the fact that they serve to protect the cells from UV damage. 

 

 

Nanoengineered Ultralight and Robust All-Metal Cathode 

for High-Capacity, Stable Lithium–Oxygen Batteries 

ACS Cent. Sci. 2017, Article ASAP. DOI: 10.1021/acscentsci.7b00120 

The successful development of Li–O2 battery technology depends on resolving 

the issue of cathode corrosion by the discharge product (Li2O2) and/or by the 

intermediates (LiO2) generated during cell cycling. As an important step toward 

this goal, we report for the first time the nanoporous Ni with a nanoengineered 

AuNi alloy surface directly attached to Ni foam as a new all-metal cathode 

system. Compared with other noncarbonaceous cathodes, the Li–O2 cell with 

an all-metal cathode is capable of operation with ultrahigh specific capacity 

(22,551 mAh g–1 at a current density of 1.0 A g–1) and long-term life (286 cycles). 

Furthermore, compared with the popularly used carbon cathode, the new all-

metal cathode is advantageous because it does not show measurable reactivity 

toward Li2O2 and/or LiO2. As a result, extensive cyclability (40 cycles) with 

87.7% Li2O2 formation and decomposition was obtained. These superior 

properties are explained by the enhanced solvation-mediated formation of the 

discharge products as well as the tailored properties of the all-metal cathode, 

including intrinsic chemical stability, high specific surface area, highly porous 

structure, high conductivity, and superior mechanical stability. 
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Colorful polymer solar cells employing an energy transfer 

dye molecule 

Nano Energy 2017, 38, 36–42. DOI: 10.1016/j.nanoen.2017.05.032 

Over the past decade, there has been significant improvement in the 

performance of polymer solar cells (PSCs). Devices with power conversion 

efficiency (PCE) well over 10% have been developed and in some cases the 

estimated device lifetime is approaching 10 years. In contrast, there has been 

limited research into the aesthetics of PSCs, which may be crucial to successful 

commercialization. Here, we report a variety of colored polymer solar cells by 

employing different amounts of an energy transfer dye molecule in a polymer-

polymer binary photoactive system. In fact, by varying the amount of the dye 

molecule in the device, PSCs covering one third of the Munsell standard color 

chart (in this case green to red) are observed. Additionally, the dye molecule 

serves as an energy transfer donor to the host photoactive system which leads 

to 10% enhancement in PCE. Our approach may broaden the appeal of PSCs in 

applications where aesthetics are important. 
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Record Atmospheric Fresh Water Capture and Heat 

Transfer with a Material Operating at the Water Uptake 

Reversibility Limit 

ACS Cent. Sci. 2017, Article ASAP. DOI: 10.1021/acscentsci.7b00186 

The capture of water vapor at low relative humidity is desirable for producing 

potable water in desert regions and for heat transfer and storage. Here, we 

report a mesoporous metal–organic framework that captures 82% water by 

weight below 30% relative humidity. Under simulated desert conditions, the 

sorbent would deliver 0.82 gH2O gMOF–1, nearly double the quantity of fresh 

water compared to the previous best material. The material further 

demonstrates a cooling capacity of 400 kWh m–3 per cycle, also a record value 

for a sorbent capable of creating a 20 °C difference between ambient and output 

temperature. The water uptake in this sorbent is optimized: the pore diameter 

of our material is above the critical diameter for water capillary action, enabling 

water uptake at the limit of reversibility. 
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Green chemistry and polymers made from sulfur 

Green Chem. 2017, 19, pp 2748-2761. DOI: 10.1039/C7GC00014F 

Polymers are among the most important mass-produced materials on the planet, 

yet they are largely derived from a finite supply of petrochemicals. To ensure the 

sustainable production of polymers and functional materials, alternative feedstocks 

are required. This Perspective examines this challenge in the context of an emerging 

class of polymers made from elemental sulfur. Because sulfur is a by-product of the 

petroleum industry, converting it into useful polymers and related materials is an 

advance in waste valorisation. Additionally, co-polymerisation of sulfur with 

renewable monomers represents an additional contribution to sustainability. These 

reactions are often solvent free and benefit from full atom economy, futher 

augmenting their Green Chemistry credentials. Applications of these materials will 

be discussed, with a spotlight on environmental benefits. A forward looking 

assessment of the opportunities for using sulfur polymers in Green Chemistry is 

also included. 

 

 

 

Bioconversion of Tithonia diversifolia (Mexican 

Sunflower) and Poultry Droppings for Energy Generation: 

Optimization, Mass and Energy Balances, and Economic 

Benefits 

Energy Fuels, 2017, 31, 5145–5157. DOI: 10.1021/acs.energyfuels.7b00148 

Anaerobic co-digestion of pretreated and untreated samples of Tithonia 

diversifolia with poultry droppings was carried out to establish a permanent 

solution to the menace of this stubborn weed present in crops worldwide. The 
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physicochemical and microbial characteristics of the substrates (T. diversifolia, 

poultry droppings, and rumen contents) were evaluated using standard 

methods. The initial high chemical oxygen demand (COD) values were 

significantly reduced by 60.45 and 56.33% after digestion. In all the 

experiments, biogas production was progressive until between the 16th and 21st 

days in most cases, after which a decrease was observed until the end of the 

experiments. The most desirable actual/experimental biogas yields from both 

experiments were 2984.20 and 1408.02 m3/kg total solids (TS) fed, with 

desirability of 100% for both experiments. Gas chromatographic analysis 

revealed the CH4 and CO2 contents of both experiments to be 67 ± 1.5%; 22 ± 

2% and 60 ± 1%; 23 ± 2%, respectively. The response surface methodology 

(RSM) model and the artificial neural networks (ANNs) model were employed 

in data optimization, and the optimal values for each of the five major 

parameters optimized are as follows: temperature (A) = 37.20 °C, pH (B) = 7.50, 

retention time (C) = 27.95 days, total solids (D) = 11.97 g/kg, and volatile solids 

(E) = 8.50 g/kg. The root-mean-square error of biogas for RSM (105.61) was 

much higher than that for ANNs (84.65). In the pretreated experiment, the 

most desirable predicted yield for RSM model was 3111.07 m3/kg TS fed, while 

that of ANNs model was 3058.50 m3/kg TS fed; for the experiment without 

pretreatment, it was 1417.39 and 1412.50 m3/kg TS fed, respectively. In all, 

there was a 54.44% increase in predicted biogas yield in the experiment with 

pretreatment over the untreated. Based on the coefficient of determination (R2), 

the mean error, and predicted biogas yields, the ANNs model was found to be 

more accurate than RSM in the study. The energy balance revealed a positive 

net energy which adequately compensated for the thermal and electrical 

energies used in carrying out thermo-alkaline pretreatment. The co-digestion 

of these substrates for bioenergy generation is hereby advocated. 
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Complete Biosynthesis of Anthocyanins Using E. 

coliPolycultures 

mBio 2017, 8, e00621-17. DOI: 10. 1128/mBio.00621-176 

Fermentation-based chemical production strategies provide a feasible route for 

the rapid, safe, and sustainable production of a wide variety of important 

chemical products, ranging from fuels to pharmaceuticals. These strategies 

have yet to find wide industrial utilization due to their inability to economically 

compete with traditional extraction and chemical production methods. Here, 

we engineer for the first time the complex microbial biosynthesis of an 

anthocyanin plant natural product, starting from sugar. This was accomplished 

through the development of a synthetic, 4-strain Escherichia coli polyculture 

collectively expressing 15 exogenous or modified pathway enzymes from 

diverse plants and other microbes. This synthetic consortium-based approach 

enables the functional expression and connection of lengthy pathways while 

effectively managing the accompanying metabolic burden. The de 

novo production of specific anthocyanin molecules, such as calistephin, has 

been an elusive metabolic engineering target for over a decade. The utilization 

of our polyculture strategy affords milligram-per-liter production titers. This 

study also lays the groundwork for significant advances in strain and process 
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design toward the development of cost-competitive biochemical production 

hosts through nontraditional methodologies. 

 

 

Rigid Polyurethane Foam Fabrication Using Medium 

Chain Glycerides of Coconut Oil and Plastics from End-of-

Life Vehicles 

ACS Sustainable Chem. Eng., Article ASAP. DOI: 

10.1021/acssuschemeng.7b01197 

Polycarbonate and polyurethane scraps from end-of-life vehicles were 

converted into liquid recycled polyols with hydroxyl number around 300 

mgKOH·g–1 by using medium chain glycerides of coconut oil. The obtained 

polyols were used for preparation of low-density rigid polyurethane foams. It 

was found that up to 50 wt % of the virgin petrochemical polyol can be replaced 

by the recycled polyols without any negative effect on the foaming process. The 

obtained foams exhibited the apparent density of 40–44 kg·m–3, the 

homogeneous cellular structure with a high content of closed cells (>91 vol %) 

and the beneficially low value of lambda coefficient (∼23 mW·m–1·K–1). The 

exceptionally high compressive strength (>350 kPa in parallel to foam rise 

direction) of the rigid PUR foams with 50 wt % of recycled polyol derived from 

polycarbonate scrap resulted probably from the unique structure of recycled 

polyol combining rigid aromatic segments together with flexible coconut oil 

glyceride units. In conclusion, this approach utilizing the renewable coconut 

oil-derived reagent provides a sustainable recycling solution for two major 

plastics from automotive waste. 
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Ultrasonic Spray Processed, Highly Efficient All-Inorganic 

Quantum-Dot Light-Emitting Diodes 

ACS Photonics 2017, 4, 1271–1278. DOI: 10.1021/acsphotonics.7b00216 

All-inorganic and low-cost quantum-dot light-emitting diodes (QLEDs) are 

always desired considering the easy processing and outstanding physical and 

chemical stability of inorganic oxides. Herein, efficient all-inorganic QLEDs are 

demonstrated by using NiO and ZnO as the charge transport layers fabricated 

via ultrasonic spray processes. Excellent device performance is achieved thanks 

to the introduction of an Al2O3 interlayer between quantum dots (QDs) and an 

amorphous NiO layer. Transient photoluminescence and electricity 

measurements indicate that the Al2O3 layer can suppress the exciton quenching 

induced by the NiO layer and reduce the electron leakage from QDs to NiO. In 

consequence, relative to that of a device without an Al2O3layer, the efficiency of 

an Al2O3-containing device is enhanced by a factor of 539%, increasing from 3.8 

cd/A to 20.5 cd/A, and it exhibits color-saturated green emission (peak at 530 

nm) and high luminescence (>20 000 cd/m2). These are the best performances 

for all-inorganic QLEDs reported to date. Meanwhile, it is demonstrated that 

ultrasonic spray is a feasible and cost-effective technology to construct efficient 

all-inorganic QLEDs. We anticipate that these results will spur the progress 

toward realization of high performance and mass production of all-inorganic 

QLEDs as a platform for QD-based full-color displays. 
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Redox Catalysis Facilitates Lignin Depolymerization 

ACS Cent. Sci. 2017, Article ASAP. DOI: 10.1021/acscentsci.7b00140 

Lignin is a recalcitrant and underexploited natural feedstock for aromatic 

commodity chemicals, and its degradation generally requires the use of high 

temperatures and harsh reaction conditions. Herein we present an ambient 

temperature one-pot process for the controlled oxidation and depolymerization 

of this potent resource. Harnessing the potential of electrocatalytic oxidation in 

conjugation with our photocatalytic cleavage methodology, we have developed 

an operationally simple procedure for selective fragmentation of β-O-4 bonds 

with excellent mass recovery, which provides a unique opportunity to expand 

the existing lignin usage from energy source to commodity chemicals and 

synthetic building block source. 
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Electroplating lithium transition metal oxides 

Science Advances 2017, 3, e1602427. DOI: 10.1126/sciadv.1602427 

Materials synthesis often provides opportunities for innovation. We 

demonstrate a general low-temperature (260°C) molten salt electrodeposition 

approach to directly electroplate the important lithium-ion (Li-ion) battery 

cathode materials LiCoO2, LiMn2O4, and Al-doped LiCoO2. The crystallinities 

and electrochemical capacities of the electroplated oxides are comparable to 

those of the powders synthesized at much higher temperatures (700° to 

1000°C). This new growth method significantly broadens the scope of battery 

form factors and functionalities, enabling a variety of highly desirable battery 

properties, including high energy, high power, and unprecedented electrode 

flexibility. 

 

 

Controlled Photoredox Ring-Opening Polymerization 

of O-Carboxyanhydrides 

J. Am. Chem. Soc. 2017, 139, pp 6177–6182. DOI: 10.1021/jacs.7b01462 

Poly(α-hydroxy acids) are important biodegradable polymers with wide 

applications. Attempts to synthesize them from O-carboxyanhydrides with 

pendant functional groups by various methods, including methods involving 
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organocatalysts or organometallics, have been plagued by uncontrolled 

polymerization, including epimerization for some monomers, which hampers 

the preparation of stereoregular high-molecular-weight polymers. Herein we 

describe an effective protocol that combines photoredox Ni/Ir catalysis with the 

use of a Zn-alkoxide for efficient ring-opening polymerization, allowing for the 

synthesis of isotactic polyesters with expected molecular weights (>140 kDa) 

and narrow molecular weight distributions (Mw/Mn < 1.1). Mechanistic studies 

indicate that the use of a low temperature (−20 °C) and photoredox Ni/Ir 

catalysis synergistically accelerates ring-opening and decarboxylation of the 

monomer for chain propagation while avoiding the formation of the undesired 

Ni-carbonyl complex. 

 

 

Kilogram-scale prexasertib monolactate monohydrate 

synthesis under continuous-flow CGMP conditions 

Science 2017, 356, pp. 1144-1150. DOI: 10.1126/science.aan0745 

Advances in drug potency and tailored therapeutics are promoting 

pharmaceutical manufacturing to transition from a traditional batch paradigm 

to more flexible continuous processing. Here we report the development of a 

multistep continuous-flow CGMP (current good manufacturing practices) 

process that produced 24 kilograms of prexasertib monolactate monohydrate 

suitable for use in human clinical trials. Eight continuous unit operations were 

conducted to produce the target at roughly 3 kilograms per day using small 

continuous reactors, extractors, evaporators, crystallizers, and filters in 

laboratory fume hoods. Success was enabled by advances in chemistry, 

engineering, analytical science, process modeling, and equipment design. 
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Substantial technical and business drivers were identified, which merited the 

continuous process. The continuous process afforded improved performance 

and safety relative to batch processes and also improved containment of a 

highly potent compound. 

 

 

Polymeric peptide pigments with sequence-encoded 

properties 

Science 2017, 356, pp. 1064-1068. DOI: 10.1126/science.aal5005 

Melanins are a family of heterogeneous polymeric pigments that provide 

ultraviolet (UV) light protection, structural support, coloration, and free radical 

scavenging. Formed by oxidative oligomerization of catecholic small molecules, 

the physical properties of melanins are influenced by covalent and noncovalent 

disorder. We report the use of tyrosine-containing tripeptides as tunable 

precursors for polymeric pigments. In these structures, phenols are presented 

in a (supra-)molecular context dictated by the positions of the amino acids in 

the peptide sequence. Oxidative polymerization can be tuned in a sequence-

dependent manner, resulting in peptide sequence–encoded properties such as 

UV absorbance, morphology, coloration, and electrochemical properties over a 

considerable range. Short peptides have low barriers to application and can be 

easily scaled, suggesting near-term applications in cosmetics and biomedicine. 
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A chlorine-free protocol for processing germanium 

Science Advances 2017, 3, e1700149. DOI: 10.1126/sciadv.1700149  

Replacing molecular chlorine and hydrochloric acid with less energy- and risk-

intensive reagents would markedly improve the environmental impact of metal 

manufacturing at a time when demand for metals is rapidly increasing. We 

describe a recyclable quinone/catechol redox platform that provides an 

innovative replacement for elemental chlorine and hydrochloric acid in the 

conversion of either germanium metal or germanium dioxide to a germanium 

tetrachloride substitute. Germanium is classified as a “critical” element based 

on its high dispersion in the environment, growing demand, and lack of suitable 

substitutes. Our approach replaces the oxidizing capacity of chlorine with 

molecular oxygen and replaces germanium tetrachloride with an air- and 

moisture-stable Ge(IV)-catecholate that is kinetically competent for conversion 

to high-purity germanes. 
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Continuous Production of Cellulose Microbeads via 

Membrane Emulsification 

ACS Sustainable Chem. Eng. 2017, Article ASAP. 

DOI: 10.1021/acssuschemeng.7b00662 

We report on the continuous manufacturing of cellulose microbeads as a 

sustainable alternative to plastic microparticles, currently used in a wide range 

of consumer products from toothpaste to paints. Plastic microbeads are not 

retained by, or degraded in, wastewater treatment plants (due to their size and 

composition), accumulating in the environment in general and aquatic life in 

particular, eventually finding their way into the human food supply chain. Here, 

it is demonstrated, for the first time, that a cross-flow membrane 

emulsification–phase inversion process can be used to generate stabilized 

microdroplets of cellulose dissolved in an organic electrolyte solution (1-ethyl-

3-methylimidazolium acetate:DMSO) in a sunflower oil-Span 80 continuous 

phase. The emulsion is subsequently coagulated with an antisolvent, resulting 

in the formation of solid, spherical, and biodegradable cellulose microbeads. A 

systematic analysis of process parameters (continuous and disperse phase flow 

rate, viscosity, and applied pressure) allowed the determination of a regime 

within which microspheres can be predictably produced using a 10 μm pore-

sized porous glass membrane. Cross-linking of the cellulose beads with glyoxal 

led to a 3-fold increase in compressive strength of the beads, broadening the 

potential range of applications where these biodegradable particles could 

replace current environmentally persistent materials. 
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Base-catalysed, one-step mechanochemical conversion of 

chitin and shrimp shells into low molecular weight 

chitosan 

Green Chem. 2017, 19, pp2783-2792. DOI: 10.1039/C7GC00089H 

A facile, solid-state mechanochemical method was developed for the synthesis of 

low molecular weight chitosan (LMWC) in one step from chitin and crude shrimp 

shell powders, in which chitin undergoes simultaneous deacetylation and 

depolymerisation in the presence of a base catalyst under mechanical milling. The 

method is advantageous over traditional multi-step methods, featuring enhanced 

efficiency and significantly reduced environmental impact. Compared to traditional 

approaches, the base usage is reduced to about 1/10, and the molecular weight of 

the obtained LMWC product is much more narrowly distributed, with a 

polydispersity value of only 1.1. The degree of deacetylation and the molecular 

weight can be adjusted by varying the ball milling parameters. The influences of 

different types of bases were investigated by solid-state NMR analysis and control 

experiments, pointing out the critical role of base in both depolymerisation and 

deacetylation. Base-catalysed mechanochemical transformation of chitin and 

shrimp shells provides a solvent-free way to effectively valorize shellfishery waste 

for valuable products. 

 

 

Metal-free and VOC-free O-glycosylation in supercritical 

CO2 

Green Chem. 2017, 19, 2687-2694. DOI: 10.1039/C7GC00722A 

Supercritical carbon dioxide (scCO2) is a suitable medium to perform transition 

metal-free glycosylation reactions in the absence of volatile organic solvents (VOCs) 

using glycosyl halides as glycosyl donors. The methodology described here can be 
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applied for obtaining O-glycosides in a totally green reaction, as well as orthoesters, 

depending on the reaction conditions. The process is much more sensitive to 

temperature changes than to pressure modification, with glycosyl chlorides 

requiring higher temperatures to be activated than glycosyl bromides. Pivaloyl 

groups act as good CO2-philic units and are shown to be the best choice to obtain 

good stereoselectivities. The relevance of the fluid nature and supercritical 

conditions was also evidenced. 

 

 

 

Multiple exciton generation for photoelectrochemical 

hydrogen evolution reactions with quantum yields 

exceeding 100% 

Nature Energy 2017, 2, 17052. DOI: 10.1038/nenergy.2017.52 

Multiple exciton generation (MEG) in quantum dots (QDs) has the potential 

to greatly increase the power conversion efficiency in solar cells and in solar-

fuel production. During the MEG process, two electron–hole pairs (excitons) 

are created from the absorption of one high-energy photon, bypassing hot-

carrier cooling via phonon emission. Here we demonstrate that extra carriers 

produced via MEG can be used to drive a chemical reaction with quantum 

efficiency above 100%. We developed a lead sulfide (PbS) QD 

photoelectrochemical cell that is able to drive hydrogen evolution from 

aqueous Na2S solution with a peak external quantum efficiency exceeding 

100%. QD photoelectrodes that were measured all demonstrated MEG when 
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the incident photon energy was larger than 2.7 times the bandgap energy. Our 

results demonstrate a new direction in exploring high-efficiency approaches 

to solar fuels. 

 

 

Photo-assisted water oxidation by high-nuclearity cobalt-

oxo cores: tracing the catalyst fate during oxygen 

evolution turnover 

Green Chem. 2017, 19, pp 2416-2426. DOI: 10.1039/C7GC00052A 

Multi-nuclear cobalt cores have been proposed as molecular analogues of the 

natural oxygen evolving complex, enabling water oxidation for artificial 

photosynthesis schemes and the production of solar fuels. In particular, cobalt 

containing polyoxometalates (Co-POMs) display a record activity as water 

oxidation catalysts (WOCs) in terms of the turnover number, turnover frequency, 

and quantum yield, when combined in a light activated oxygen evolving cycle with 

Ru(bpy)32+ (bpy = 2,2′-bipyridine) as the photosensitizer. The unique behavior of 

high-nuclearity cobalt clusters is addressed herein by employing Co-POMs with Co 

≥9 as molecular WOCs. The temporal dissection of the catalytic events is framed 

herein to investigate the initial photo-induced electron transfer (ET) occurring in 

the micro-to-millisecond time domain, and followed by the oxygen evolution 

kinetics taking place within a minute-to-hours regime. In particular, flash 

photolysis shows ET from the Co-POM to photogenerated Ru(bpy)33+ with well-

behaved diffusional kinetics (bimolecular rate constants in the range kET = 2.1–5.0 

× 109 M−1 s−1) and counting up to 32 ET events in a 60 ms timeframe. The evolution 

of the Co-POMs is then traced under oxygenic conditions, where infrared and X-

ray absorption spectroscopy (XAS) indicate that POM based structures are 

competent catalysts under the photo-assisted turnover regime. 
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Surface Water Dependent Properties of Sulfur-Rich 

Molybdenum Sulfides: Electrolyteless Gas Phase Water 

Splitting 

ACS Nano 2017, Article ASAP. DOI: 10.1021/acsnano.7b01632 

Sulfur-rich molybdenum sulfides are an emerging class of inorganic 

coordination polymers that are predominantly utilized for their superior 

catalytic properties. Here we investigate surface water dependent properties of 

sulfur-rich MoSx (x = 32/3) and its interaction with water vapor. We report that 

MoSx is a highly hygroscopic semiconductor, which can reversibly bind up to 

0.9 H2O molecule per Mo. The presence of surface water is found to have a 

profound influence on the semiconductor’s properties, modulating the 

material’s photoluminescence by over 1 order of magnitude, in transition from 

dry to moist ambient. Furthermore, the conductivity of a MoSx-based moisture 

sensor is modulated in excess of 2 orders of magnitude for 30% increase in 

humidity. As the core application, we utilize the discovered properties of 

MoSx to develop an electrolyteless water splitting photocatalyst that relies 

entirely on the hygroscopic nature of MoSxas the water source. The catalyst is 

formulated as an ink that can be coated onto insulating substrates, such as glass, 

leading to efficient hydrogen and oxygen evolution from water vapor. The 

concept has the potential to be widely adopted for future solar fuel production. 
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Syngas production from electrochemical reduction of CO2: 

current status and prospective implementation 

Green Chem. 2017, 19, pp 2326-2346. DOI: 10.1039/C7GC00398F 

The CO2 that comes from the use of fossil fuels accounts for about 65% of the global 

greenhouse gas emission, and it plays a critical role in global climate changes. 

Among the different strategies that have been considered to address the storage and 

reutilization of CO2, the transformation of CO2into chemicals or fuels with a high 

added-value has been considered a winning approach. This transformation is able 

to reduce the carbon emission and induce a “fuel switching” that exploits renewable 

energy sources. The aim of this brief review is to gather and critically analyse the 

main efforts that have been made and achievements that have been made in the 

electrochemical reduction of CO2 for the production of CO. The main focus is on the 

prospective of exploiting the intrinsic nature of the electrolysis process, in which 

CO2 reduction and H2 evolution reactions can be combined, into a competitive 

approach, to produce syngas. Several well-established processes already exist for 

the generation of fuels and fine-chemicals from H2/CO mixtures of different ratios. 

Hence, the different kinds of electrocatalysts and electrochemical reactors that have 

been used for the CO and H2 evolution reactions have been analysed, as well as the 

main factors that influence the performance of the system from the thermodynamic, 

kinetic and mass transport points of view. 
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Storing solar energy with chemistry: the role of 

thermochemical storage in concentrating solar power 

Green Chem. 2017, 19, pp 2427-2438. DOI: 10.1039/C7GC00023E 

Concentrating solar power (CSP) with thermal energy storage has the potential for 

grid-scale dispatchable power generation. Thermochemical energy storage (TCES), 

that is, the reversible conversion of solar-thermal energy to chemical energy, has 

high energy density and low heat loss over long periods. To systematically analyze 

and compare candidate reactions for TCES, we design an integrated process and 

develop a general process model for CSP plants with TCES systems. We illustrate 

our model applicability by using ammonia and methane systems with two gas 

storage options. The analysis allows us to identify critical issues as well as key 

targets for fluid phase TCES systems. Gas storage is identified as the main cost 

driver and compressor electricity consumption as the main energy driver. The 

impacts of reaction temperature, operating pressure and plant characteristics are 

also studied. 
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Versatile Barometer Biosensor Based on Au@Pt 

Core/Shell Nanoparticle Probe 

ACS Sens. 2017, 2, pp 789–795. DOI: 10.1021/acssensors.7b00156 

There is a high global demand for sensitive, portable, user-friendly, and cost-

effective biosensors. In this work, we introduce a barometer-based biosensor 

for the detection of a broad range of targets. The device is operated by 

measuring the pressure change produced by oxygen (O2) generation in a limited 

chamber using a portable barometer. The design employs core–shell Au@Pt 

nanoparticles (Au@PtNPs) as the bioassay probe to catalyze the decomposition 

of H2O2 and the release of O2. As a proof of concept, we developed barometer-

based immunosensors to detect carcinoembryonic antigen (CEA) and 

ractopamine (Rac). In addition, barometer-based aptasensors for sensitive 

detection of thrombin and mercury ion (Hg2+) were also developed. In order to 

facilitate the analysis of results, we have developed smartphone software to 

calculate, save, and wirelessly trsnsmit the results. Linear detection ranges for 

detection of CEA, Rac, thrombin, and Hg2+ were 0.025–1.6 ng/mL, 0.0625–4 

ng/mL, 4–128 U/L, and 0.25–16 ng/mL, respectively. The detection limit of 

these four analytes is 0.021 ng/mL, 0.051 ng/mL, 2.4 U/L, and 0.22 ng/mL, 

respectively. Furthermore, the developed barometer-based biosensors 

exhibited high specificities for these four analytes. CEA in serum samples, Rac 

in urine samples, thrombin in serum samples, and Hg2+ in river water samples 
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were measured by the barometer-based biosensors. Obtained results of these 

targets from barometer-based biosensors were consistent with detection results 

from traditional methods, indicating that barometer-based biosensors are 

widely applicable. 

 

 

Dual Targeting Nanoparticle Stimulates the Immune 

System To Inhibit Tumor Growth 

ACS Nano 2017, Article ASAP. DOI: 10.1021/acsnano.6b08152 

We describe the development of a nanoparticle platform that overcomes the 

immunosuppressive tumor microenvironment. These nanoparticles are coated 

with two different antibodies that simultaneously block the inhibitory 

checkpoint PD-L1 signal and stimulate T cells via the 4-1BB co-stimulatory 

pathway. These “immunoswitch” particles significantly delay tumor growth and 

extend survival in multiple in vivo models of murine melanoma and colon 

cancer in comparison to the use of soluble antibodies or nanoparticles 

separately conjugated with the inhibitory and stimulating antibodies. 

Immunoswitch particles enhance effector-target cell conjugation and bypass 

the requirement for a priori knowledge of tumor antigens. The use of the 

immunoswitch nanoparticles resulted in an increased density, specificity, 

and in vivo functionality of tumor-infiltrating CD8+ T cells. Changes in the T 

cell receptor repertoire against a single tumor antigen indicate immunoswitch 
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particles expand an effective set of T cell clones. Our data show the potential of 

a signal-switching approach to cancer immunotherapy that simultaneously 

targets two stages of the cancer immunity cycle resulting in robust antitumor 

activity. 
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中央研究院化學研究所 江明錫 

引言 
自從 2011年日本福島發生嚴重核災後，各國民眾對於核電的感觀大幅轉變，談
核色變。對核電 大的打擊就是德國政府宣布提前至2022年，淘汰核電為其基
礎電力來源。各國皆熱烈討論此選項，台灣也正式於 2014年將核四廠封存，並
選擇不再延役其它三座既有核電廠，邁向”2025 年無核家園”的目標前進。在達
到此神聖目標前，原先核電能源的空缺，需要由其它能源來補足。以德國來說

，在 2012 年核電、火力(包含燃煤、天然氣及燃油)和再生能源佔其總能源供給
分別為 16.1%、61.8%和 22.0%。截至 2016 年各項比例變成 13.1%、53.1%和
29.5%。由下圖可看出，核電佔德國的能源結構下降了 3.0%，再生能源卻大幅
上升了 7.5%。 

 
Photo credit: http://nuclear.udn.com/storypage.jsp?f_ART_ID=1043, https://read01.com/zh-

mo/6QmG5n.html#.WfSAaUyB3-Y 

反觀台灣總能源供給，相關的比例由 2012 年的 18.4%、75.7%和 6.0%到 2016
年的 13.5%、79.9%和 6.6%，再生能源部份無大幅變化。這裡核能下降的比例
，不同於德國主要由再生能源來替代。在台灣，這些減少是由火力發電來補足
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。過去因國家能源政策不清以及核電爭議，再生能源發展受到阻擾，並無明顯

的增加。雖然台灣預計在 2025年前要完成開發在台灣海峽中部達 5.5 GW的離
岸風力，以及近期大力推動廢耕地，嚴重地層下陷農魚塭地及屋頂種電(太陽能
光電)，預計在 2025年可達 20 GW，這些措施對於補足核電的立即空缺，卻緩
不濟急。因此，政府計畫近期再增加 3.6 GW燃煤機組裝置容量，以救此燃眉之
急。 

 
離岸風電潛力場址 (from經濟部能源局，2015). Photo credit (right): 

https://technews.tw/2017/08/06/offshore-wind-power/ 

當討論此臨時補救方案時，大眾想到的第一個議題是溫室氣體的排放會因此大

幅上升。台灣已自主規範在 2030 年時全國碳排放量要削減至 2.14 億噸 (為
2015 年排放量 2.51 億噸的 85%)，去符合巴黎協定的規範。至少在短期間內達
到目標，可能困難重重，我們也不需要灰心。在前幾期綠色與永續化學通訊 (
參見 2016 年 11 月號及 2017 年 3 月號)，我們已介紹新式二氧化碳捕捉及轉化
的技術。大家也對此相關議題有相當的認知。另一項大眾容易忽略的議題，則

是隨著火力發電的增加，懸浮粒子 (PM10、PM2.5) 的排放也隨之增加。這些微
小卻致命的物質。以單位發電量計算，燃煤電廠造成的死亡人數超過核電廠，

更超過燃油電廠。 著名的例子為英國由於經濟大幅發展，在 1950年代遭遇到
著名之 ”Great Smog of London” 的苦楚。近期中國大陸各地也因同樣原因而
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讓人民生活在厚厚的塵霧中 (例如 2016年 12月京津冀地區空氣中 PM2.5 的數
值 > 500 µg/m3)。 

 
The London Fog of 1952 (Left) that killed thousands of people is thought to have formed through the same 

chemical reactions as the heavy bouts of air pollution in northern China. The right photo displays heavy 

air pollution enshrouded Tiananmen Square in Beijing in December 2016. Photo credit: C&EN. 

https://cen.acs.org/articles/95/i4/Peering-Chinas-thick-haze-air.html 

下圖為 10 月 29 日早上台北市區空氣品質的指標。松山偵測站所測得的空氣品
質並不良好，大於美國 EPA 的標準 (12 µg/m3)。 新的研究報導指出，PM2.5 
容易深入人體較深部的呼吸道，進而附著肺泡區，引起肺部發炎，氣喘、心血

管疾病及肺癌等。PM2.5 濃度每增加 5 µg/m3 冠狀動脈鈣化會增加 20%，導致
高血壓的因子增加 22%。此外，空氣品質污染嚴重，會讓兒童的認知能力受損
，而成年人的認知能力會下降，且導致抑鬱。 

從中興大學環工系莊秉潔教授的研究中，可以看出全台男性氣管、支氣管和肺

癌等標準化死亡率與燃煤電廠間的關係，當燃煤電廠運轉期間，鄰近地區的男

性因呼吸道疾病而死亡的比例比其他地區要來得高。雖然新建的燃煤電廠，採

用 高規格的燃煤電廠環保標準，然而粒狀污染物、硫氧化物和氮氧化物的排

放量，仍是一個大污染源。以計畫興建的新深澳電廠，其所有的排放量仍然能

讓它「躋身」全台前 30大污染工廠、也是大台北前五大。 

思考在未來五年內，全台的空氣品質可能大幅變糟，以及短時間內火力發電仍

是全球初級能源的主要供給者之下，我們學界是否有所準備?? 在本期的綠能前
線中，介紹兩個新技術。分別將空氣中的懸浮例子捕捉並轉換為有經濟價值的

碳材料。希望這些範例可以引發大家靈感，想出更新穎的方法，來移除懸浮粒

子，還給地球一個乾淨的天空。 
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數據取自環保署即時資料, https://taqm.epa.gov.tw/taqm/en/default.aspx 

Additional Information: 
德國觀察／廢核，德國憑什麼？ 
http://nuclear.udn.com/storypage.jsp?f_ART_ID=1043 
What Germany learned from its war on coal, 
https://www.vox.com/2015/9/24/9366341/germany-coal-renewables-
energiewende 
什麼是懸浮粒子 (PM10、PM2.5), https://www.epa.gov/pm-pollution,  
懸浮粒子對健康的影響, http://taiwancancermap.csmu-liawyp.tw, 
http://www.twhealth.org.tw/index.php?option=com_zoo&task=item&item_i
d=972&Itemid=22, 
Impact of air pollution on the burden of chronic respiratory diseases in China: 
time for urgent action, Lancet, 2016, 388, 1939-1951. DOI: 10.1016/S0140-
6736(16)31597-5 
Long-term exposure to ambient air pollution and traffic noise and incident 
hypertension in seven cohorts of the European study of cohorts for air pollution 
effects (ESCAPE), Eur. Heart J., 2017, 38, 983-990, DOI: 
10.1093/eurheartj/ehw413 
前央視記者柴靜的記錄片「穹頂之下」

https://www.youtube.com/watch?v=xbK4KeD2ajI 
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Webinars 

1. ACS Webinar: Hazards HPLC Method Development 
Bootcamp: A Straight-Forward Approach to Solve 80% 
of Separation Problems 

High-performance liquid chromatography is supposed to be complicated, 
right?  Imagine trying to find the correct mobile phase, stationary phase, 
column length, diameter, particle size, solvent strength, buffer, pH, etc. But 
it is a lot simpler than people think. The majority of HPLC analyses can be 
accomplished on a good reversed phase column with the correct 
acetonitrile/water or methanol/water gradient. The major limitation is 
often our knowledge of HPLC fundamentals. 

2. ACS Webinar: How to Create Sustainable Product 
Design that Satisfies Production Demand and Eco-
Awareness 

Chemical product design, with its emphasis on formulations and a mixture 
of quantitative and qualitative specifications, always leads to problems with 
trade-offs, where improvement in one desired outcome inevitably leads to a 
decline in another. In effect, you’re trying to please two sets of customers, 
one human and the other Mother Nature. Join Eric Beckman, an 
entrepreneur and Professor of Engineering at the University of Pittsburgh, 
as he discusses thoughts on how to create viable new products in harmony 
with both.  

3. ACS Webinar: Nano 2.0: Multi-scale Nanomaterials 

The next generation of nanomaterials will consist of nanoscale super-
structures that show collective responses. Celebrate nano and its future with 
pioneer Teri Odom of Northwestern University on National Nano Day as she 
discusses the exquisite properties of structures with nanoscale dimensions. 
Join live to discover how nanoscale building blocks organized into super-
structures open new classes of multi-scale nanomaterials with 
unprecedented physical characteristics. 

4. ACS Webinar: Nanomaterial Design Guided by the 
Principles of Green Chemistry 
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How can green chemistry be applied to nanotechnology to achieve the high 
performance needed for advanced applications while preventing or 
reducing health and environmental impacts? Join James Hutchison from 
the University of Oregon as he discusses the foundations for greener 
nanotechnology and presents a case study that uses nanomaterial product 
innovation guided by green chemistry. 

5. ACS Webinar: Sustainable Bioenergy Systems: 
Unlocking the Power of Renewable Plant Biomass 

Humankind requires food as well as sustainable bioenergy, however, these 
two needs may conflict. Thus we must envision, design and implement 
sustainable bioenergy systems for our successful future. Tune in as Bruce 
Dale shares how we can create systems to that can work together to create 
more while using less.  

6. ACS Webinar: The Chemistry of Life: Treating Cancer 
with Nanoparticles Powered by the Sound of Light 

How can we improve the modern methods of cancer treatment? Join Justin 
Harris of NanoHybrids as he discusses revolutionary non-invasive methods 
like Photoacoustic imaging and Photothermal therapy that allow for the 
development of molecularly-targeted nanoparticles to detect diseased tissue. 
The unique design of nanoparticles allows for the visualization and 
treatment of diseased tissue at the cellular level, especially with cancer, 
minimizing the typical nasty side effects of chemotherapeutics, radiation, 
and surgical removal. 

Upcoming Conferences 

1. Chemistry Conference 2017: Green and Sustainable 
Chemistry 
November 13-15, 2017, Muscat, Oman 

Topics: Green chemical processes, Sustainable catalysis, Alternative energy, 
Green Synthesis, Nano technology in water treatment, Environmental 
remediation, Microfluidic systems in environmental analysis, Analysis of 
emerging pollutants, Wastewater treatment, Utilization of waste, Lignin 
Chemistry, Air pollution 
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2. Green Chemistry New Zealand 2017 
December 8-9, 2017, Auckland, New Zealand 

Green Chemical Science is the use of chemical principles, science and 
technology to advance society in ways that are benign to the environment and 
sustainable for the foreseeable future. Green Chemical Science often involves 
studies in catalysis, synthesis, toxicology, analytical methodology, materials 
science, and biochemistry to tackle global issues and problems that impact on 
sustainability. 

3. Frontiers in Green Materials 
December 11, 2017, London, UK 

This one-day event will provide a forum to discuss and inspire inter-
disciplinary, innovative research based on reducing the use of hazardous 
substances in the design, manufacture and application of chemical and material 
products. 

4. 255th ACS National Meeting & Exposition 
March 18-22, 2018, New Orleans, LA 

Theme: Nexus of Food, Energy & Water.  

5. GC3 Innovators Roundtable 
May 8-10, 2018, Kingsport, TN 

The GC3 Innovators Roundtable is a dynamic forum for business leaders to 
exchange green chemistry strategies and network to form new partnerships and 
collaborative projects. The Roundtable presents a unique opportunity for 
businesses to connect across supply chains and sectors. Networking events and 
receptions are productive and enjoyable. Attendees focus on developing 
practical solutions in a safe, collegial environment. 

6. 3rd Green & Sustainable Chemistry Conference 
May 13-16, 2018, Berlin, Germany 

The goal of the conference is to bring together international researchers from 
academia and industry, from authorities and other institutions to communicate 
and share the latest developments across the broad and diverse fields of green 
and sustainable chemistry. 
Topics: Bioresources; Inorganic resources; Waste reduction, waste capture 
and recycling; New molecules, materials and products; Organic synthesis; 
Catalysis; Photochemistry; Renewable energy; Green and sustainable 
pharmacy; Environmental science and sustainable chemistry; Cleaner 
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production; The UN Sustainable Development Goals and sustainable 
chemistry; Industry and sustainable chemistry; New business models; 
Circular economy and sustainable chemistry; Education and sustainable 
chemistry. 

7. 9th International Conference on Engineering 
Education for Sustainable Development 
June 3-6, 2018, Glassboro, New Jersey 

An integrated and comprehensive way to approach engineering problems 
includes the ability to understand and implement multidisciplinary projects in 
the context of a research problem, the ability to provide leadership, and a life-
long desire to learn. The new kind of engineer is expected to have a broad, 
multidisciplinary approach to research problems keeping a human dimension 
at the heart of every design and solution. Holistic and transformative 
engineering incorporates elements across the fields of engineering, sustainable 
design, environmental science, economics, sociology, psychology, biology, 
chemistry, physics and business to zero in on optimized and sustainable 
solutions. The education afforded to engineers in training and professional 
engineers shall broaden their global thinking with an integrated and all-
inclusive approach to design and problem solving; thus, providing them with 
the necessary tools to advance society towards a more sustainable future. 

8. ICGC 2018 : 20th International Conference on Green 
Chemistry 
June 6-7, 2018, San Francisco, USA 

Theme: Benign Synthesis/Process; Green Chemistry for Energy Production; 
Chemicals from Renewables; Green Engineering; Education in Green 
Chemistry and Engineering; Policy. 
The ICGC 2018: 20th International Conference on Green Chemistry aims to 
bring together leading academic scientists, researchers and research scholars 
to exchange and share their experiences and research results about all aspects 
of Green Chemistry. It also provides the premier interdisciplinary forum for 
researchers, practitioners and educators to present and discuss the most 
recent innovations, trends, and concerns, practical challenges encountered 
and the solutions adopted in the field of Green Chemistry. 

9. 7th International Conference on Green Chemistry and 
Technology 
June 18-20, 2018, Dublin, Ireland 
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All frontier topics in Green Chemistry are covered, which includes Basic 
Principles in Green Chemistry, Green Catalysis, Environmental Chemistry 
aspects, Green Materials, Green Synthesis and Designing, Greener 
Bioprocesses, Green Chemistry applications in Agriculture, Green energy, 
Waste Valorization techniques, Green Economy, Green Engineering & 
Manufacturing, Green Polymers, Green Chemistry applications in different 
industries, Green Catalyst & Reagents and many more.  

10. 22nd Annual Green Chemistry & Engineering 
Conference: Product Innovation Using Greener 
Chemistries 
June 18-20, 2018, Portland, Oregon 

GC&E brings a unique mix of participants—approximately 35% industry, 28% 
academia, 15% university students, 7% government, 9% NGOs/NPOs. The mix 
and size of the conference—just over 500 participants—has been noted by many 
attendees perfect for networking. Sessions range across the many areas green 
chemistry and engineering touch from organic synthesis to nanomaterials, 
sessions focused on different industries, to education. Since 2016, the 
conference has been thematically tracking the chemical life cycle—from design 
to making to use to closing the loop. In 2018, we will be focusing on the use 
phase – connecting greener chemistries to the innovative products they enable. 

11. Postgraduate Summer School on Green Chemistry 
July 7-14, 2018, Palazzo Ducale Venice, Italy 

Theme: Chemistry beyond chlorine; New reaction pathways; Exploitation of 
renewable resources; Green Chemistry for cultural heritage restoration 
This edition of the Post-graduate Summer School on Green Chemistry will 
provide the participants with an understanding of the latest developments of 
the concepts and management of green and sustainable chemistry. Lectures will 
be at the level of state-of-the-art research contributions in the Green Chemistry 
field, but they will also cover background material. Existing clean chemical 
processes, case histories, and topics related to current research in Green 
Chemistry will be explained in order to familiarize students with the strategies 
behind designing “greener” synthetic routes. A research policy session will be 
addressed to the issues which steer the Green Chemistry at the industrial, 
academic and governmental levels. Also in view of the need to anticipate the 
evolution of environmental regulations, for the chemical industry, for the 
cultural heritage field and metrics on green syntheses. 
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12. 27th IUPAC International Symposium on 
Photochemistry 
July 8-13, 2018, University College Dublin, Dublin, Ireland 

The scientific topics to be covered in the Symposium include areas of 
unparalleled impact in the world today: renewable energy sources, green 
chemistry, atmospheric photochemistry, single molecule microscopy and super 
resolution imaging. The latter are key for biosciences and trace analysis of 
proteins, nucleic acids, and small bioregulators. With more efficient light 
sources and means to collect solar energy, there is an on-going resurgence in 
the development of photochemical reactions using flow process, which are 
beginning to make an impact in an industrial context. This will be an excellent 
opportunity to engage scientists from pharmaceutical, materials, and other 
industries. The symposium will also cover advanced spectroscopic methods 
with increased time and space resolution and methods for analyzing complex 
samples. 

13. 5th World Congress on Green Chemistry and Green 
Engineering 
July 16-18, 2018, Melbourne, Australia 

Theme: The Sustainable Future of Earth with Green Chemistry and 
Engineering 
Green Chemistry and Green Engineering Conference will be a multidisciplinary 
gathering and present major areas such as green synthesis, green catalysis, 
education and policies. The forum of Scientists, students and researchers from 
all corners of the globe, come together to discuss future science. Each session 
of the meeting will be included with expert lectures, poster and discussions, join 
us to design sustainable development processes, innovations by which and how 
these strategies drive new policies, advances the business and human health 
protection.  

14. 2nd International Conference & Expo on Green 
Chemistry and Engineering 
July 23-24, 2018, Barcelona, Spain 

Theme: Exploring the Advances and Challenges in Green Chemistry and 
Engineering 

15. Gordon Research Seminar: Green Chemistry and Its 
Relevance to Society 
July 28-29, 2018, Castelldefels, ES 
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The focus of this meeting is to discuss the latest R&D advances showing how 
major societal challenges can be addressed using a sustainable chemistry 
outlook, with an emphasis on the design of safer chemistry and processes, and 
green catalysis. Scientists are encouraged to build a collaborative network 
within the Green Chemistry community, to nurture forward thinking on the role 
of green chemists in society and to work together towards reaching a more 
sustainable future. 

16. Gordon Research Conference: Addressing the 
Challenges at the Energy-Materials-Food-Water Nexus 
Through Green Chemistry 
July 29-August 3, 2018, Castelldefels, ES 

Theme: Advances in Renewable Energy and Sustainable Materials; Catalysis 
for Sustainability; Biocatalysis Including Novel Enzymes; Catalysis for Plant-
Based Chemicals and Fuels; Novel Materials for Energy and Other 
Applications; Electrocatalysis for CO2 and H2O Conversion to Fuels and 
Chemicals; Sustainability Metrics; Sustainable Process Design; Future 
Challenges in Green Chemistry and Engineering 
The Food-Energy-Water nexus is a complex problem requiring a 
multidisciplinary research approach for understanding how they are linked and 
how sustainable solutions can be developed to ensure the continued provision 
of these necessary resources for humanity. Chemists and chemical engineers 
possess unique and diverse core skills to address some of the grand challenges 
in this area such as sustainable energy production, the use of renewable 
feedstocks that do not compete with food sources while conserving soil 
nutrients, energy-efficient water purification/desalination, CO2 fixation and 
sustainable ammonia production. These challenges provide exciting R&D 
opportunities for the green chemistry community, including the development 
of new chemistries and resource-efficient technologies to produce fuels and 
every-day chemical products from distributed feedstocks such as plant-based 
biomass, shale gas and CO2. To effectively harness these diverse and 
geographically distributed resources, a paradigm shift away from the 
centralized "bigger is better" approach towards chemical processing concepts 
that are viable at much smaller scales is required. The GRC brings together 
leading experts from academia and industry to discuss the latest advances and 
future R&D directions for meeting these grand challenges. 

17. 8th International Conference on Environmental 
Chemistry and Engineering 
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September 20-22, 2018, Berlin, Germany 
Theme: Accentuating Novel Researches and Frontline Advances of 
Environmental Chemistry 
Environmental chemistry is the study of chemical processes occurring in the 
environment which are impacted by humankind's activities. These impacts may 
be felt on a local scale, through the presence of urban air pollutants or toxic 
substances arising from a chemical waste site, or on a global scale, through 
depletion of stratospheric ozone or global warming. The focus in our courses 
and research activities is upon developing a fundamental understanding of the 
nature of these chemical processes, so that humankind's activities can be 
accurately evaluated. 

18. International Conference on Catalysis and Pyrolysis 
2018 
November 05-06, 2018, San Francisco, USA 

Theme: Advanced catalysis for Energy Conversion, Chemical Transformation 
and Computational Catalysis 
This International Conference on Catalysis and Pyrolysis (ICCP 2018) meeting 
creates a platform for Policy-makers, Scientists, representatives and decision 
makers in Catalysis and pyrolysis to present their latest catalytic and pyrolytic 
research and learn about all the important developments in catalysis and 
pyrolysis research. The applications of catalysis and pyrolysis include Catalyst 
Design, Synthesis Reaction Dynamics and Operando Characterization, 
Hydrogen Production, Waste treatment, Environmental, Geochemical, 
Biological, Medical, Forensic and Energy production. ICCP-2018 is an excellent 
opportunity for the delegates from Universities and Institutes to interact with 
the world class Scientists. Major topics discussed are Chemical Reaction 
Engineering, Kinetics and catalysis, Catalysis for Chemical Synthesis, Bio 
catalysis, Biotransformation, Organometallic catalysis and Organocatalysis, 
Spectroscopy in Catalysis, Photo catalysis and Nano Catalysis, Environmental 
and green catalysis, Advances in Catalysis, Polymer Engineering, Pyrolysis, 
Biomass, Characterization of pyrolysis reaction and applications of analytical 
pyrolysis. 
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News 

1. Fuel-cell cars cruise onto the market 
Fuel-cell powered cars that emit only water vapor when driven have been in 
the works for decades, but progress seemed to keep stalling. Now, the wait 
is over with growing manufacturing experience and steady improvements to 
efficiency. Motorists can finally lease or buy hydrogen-powered, fuel-cell 
cars, but the road ahead for these vehicles still faces some bumps. How 
quickly the market will grow remains uncertain for a variety of reasons. 
Degradation and durability of components remain a concern. The relatively 
high cost keeps the cars out of reach for many consumers. Additionally, 
there are currently only 29 retail hydrogen filling stations in the U.S. — and 
they’re all in California. But researchers are continuing to search for ways to 
lower costs and make improvements, betting that more and more private 
motorists will want to own one of these vehicles in the future. 

 

https://www.acs.org/content/acs/en/pressroom/presspacs/2017/acs-
presspac-september-27-2017/fuel-cell-cars-cruise-onto-the-market.html 

2. Is 3-D printing living up to the hype? 
The growth in 3-D printing is allowing manufacturers to reduce production 
time and save money. Metal fabrication shops, industrial firms and 
engineers are also capitalizing on the technology. For example, Volkswagen 
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has started using 3-D printers for tools and parts, which has saved the 
company time and hundreds of thousands of dollars. Others are also getting 
on board, spurring global sales of 3-D printing equipment and related 
materials to grow to $2.7 billion last year. But the predicted mass production 
of 3-D printed products for consumers has not yet come to pass. How much 
further the market will expand depends on polymer science to some degree. 
Polymers are heated and applied in layers during 3-D printing to produce 
an object. But material flaws and less-than-ideal printing conditions can 
lead to gaps between layers or shrinkage. Corn-derived polylactic acid 
addresses these problems but is still too brittle for widespread applications. 
To search for more robust and versatile materials, scientists are adding 
modifiers to the polymers and developing new materials that could one day 
help expand 3-D printing in the industrial market. 

 

https://www.acs.org/content/acs/en/pressroom/presspacs/2017/acs-
presspac-october-18-2017/is-3-D-printing-living-up-to-the-hype.html 

3. Ozone limits at play as EPA, industry and 
environmental groups weigh in 
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After the Environmental Protection Agency initially announced a delay in 
enforcing stricter ozone limits, the agency now plans to meet the original 
October deadline for implementing the new standards. But industry-
supported legislation could put a hold on the new limits once again. On 
another front to fight the new limits, the House of Representatives passed 
the Ozone Standards Implementation Act in July. A nearly identical bill is 
pending in the Senate.  The legislation would postpone enforcement of the 
new rule until 2025. Manufacturers support this bill for a variety of reasons. 
They say the stricter standard could hurt investments and job creation, and 
it doesn’t allow businesses enough time to comply. The legislation would 
also allow EPA to consider the impact of technological advancements when 
reviewing air pollution limits. Additionally, it would extend the timeline for 
updating standards to every 10 years, instead of every five years, as is 
currently the case. 

 

https://www.acs.org/content/acs/en/pressroom/presspacs/2017/acs-
presspac-september-6-2017/ozone-limits-at-play-as-epa-industry-and-
environmental-groups-weigh-in.html 

4. Climeworks joins project to trap carbon dioxide in 
rocks 
The Swiss company Climeworks has launched a pilot plant in Hellisheidi, 
Iceland, that can capture carbon dioxide directly from the air to be pumped 
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into underground rock formations, effectively locking the greenhouse gas 
away for good. Installed on the grounds of a geothermal power plant, the 
new direct air capture plant joins a project called CarbFix2, led by Reykjavik 
Energy and funded partly by the European Union’s Horizon 2020 research 
and innovation program. CarbFix2 is an extension of the decade-old 
CarbFix project, which has injected 18,000 metric tons of CO2 dissolved in 
large amounts of water deep into the surrounding basalt-rich rock. The 
dissolved CO2 reacts with basalt to form solid carbonate mineral, a 
transformation that occurs relatively quickly, according to a 2016 study by 
CarbFix researchers. Coupling Climeworks’ direct air capture technology 
with carbon sequestration is exciting because it could potentially produce 
negative emissions, meaning the permanent removal of CO2 from the 
atmosphere, says Giana Amador, managing director of the nonprofit Center 
for Carbon Removal. Climate experts agree that along with drastic emissions 
reductions, negative emissions are necessary to meet international goals to 
mitigate climate change, she says. 

 

https://cen.acs.org/articles/95/i41/Climeworks-joins-project-trap-
carbon.html 

5. How ambient energy could power the internet of 
things 
In the modern world, we are increasingly surrounded by digital sensors, 
cameras and communications devices sending data cloud-based analysis 
services. Those devices need power, and designers are finding new ways to 
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draw it from ambient sources rather than rely on batteries or hard-wired 
grid connections. Batteries, which must be periodically replaced or 
recharged, may also be unsuitable for hard-to-reach places. To meet this 
need for more versatile power sources, device makers are turning to energy 
harvesters, which extract trickles of free power from ambient light, heat or 
motion. Designs heading to the market include everything from 
comparatively simple solar cells to a wall switch that, rather than being 
hard-wired to a light fixture, uses the energy from pressing the switch to 
send a wireless signal to turn a light on or off. Batteries and wired 
connections are unlikely to go extinct any time soon, however. Since the 
ambient energy that harvesters rely on may not always be present, they 
cannot meet the demand for 100 percent reliability that some applications 
require. Instead, energy harvesters can be used alongside batteries to extend 
charge life and provide passive recharging. Still, those in the energy-
harvesting business remain optimistic. They say the technology is 
improving, and that it will soon take off. 

 

https://www.acs.org/content/acs/en/pressroom/presspacs/2017/acs-
presspac-august-9-2017/how-ambient-energy-could-power-the-internet-
of-things.html 

6. Chemists are uncovering how and why marine 
organisms synthesize flame-retardant-like molecules 
Christopher Reddy vividly remembers the first time he heard about a 
perplexing organohalogen compound found by researchers in seabird eggs 
along the Pacific and Atlantic coasts, as well as in the Great Lakes region. 
He was sitting in the audience at an American Chemical Society meeting in 
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the late 1990s listening to Sheryl Tittlemier, then a graduate student at 
Carleton University, present her findings. Structurally, the halogenated 
bipyrrole discovered by the Carleton team resembled polychlorinated 
biphenyls (PCBs), a class of synthetic molecules used as coolants, stabilizers, 
insulators, and flame retardants whose production was banned in the U.S. 
in the late 1970s because of concerns over their toxicity and persistence in 
the environment. But there was no record of this particular compound 
having ever been synthetically produced. Tittlemier, now a scientist at the 
Canadian Grain Commission, said she suspected the compound might be a 
natural product. 

 

https://cen.acs.org/content/cen/articles/95/i42/Chemists-uncovering-
marine-organisms-synthesize.html 

7. Executive reveals how Amgen shifted to greener 
chemistry 
Margaret Faul, a synthetic organic chemist by training, led the sustainability 
transition at Amgen, one of the world’s largest biotechnology companies. 
The process involved not only developing greener and more sustainable 
chemical processes but also embedding this approach in the organization’s 
work culture. The efforts paid off: Amgen went from 106th in 2014 to 34th 
in 2015 in the Global Green Rankings. The company has also earned a spot 
on the selective Dow Jones Sustainability World Index. 
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https://cen.acs.org/articles/95/i13/Executive-reveals-Amgen-shifted-
greener.html 

8. Ecology: The effect of conservation spending 
Global biodiversity loss is occurring at a rate that is 1,000 times greater than 
the estimated background rate of species extinction1. The factors affecting 
the decline in biodiversity, and the actions and resources needed to arrest 
that decline, change over time and geographical region. Without 
conservation interventions, the rate of species extinctions will continue to 
increase. For the interventions undertaken, how can the effectiveness of 
these attempts be assessed? In a recent study, statistical analysis was 
performed to provide evidence-based insights into the relationship between 
a country's national investments to protect threatened species and the 
country's rate of biodiversity decline. 

 

https://www.nature.com/nature/journal/vaop/ncurrent/full/nature24158
.html 
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9. AkzoNobel has new route to ethyleneamines: Dutch 
firm claims technology is a ‘game changer’ 
AkzoNobel says it has developed a breakthrough process for making higher 
ethyleneamines and derivatives. The new process will reduce raw material 
consumption and substantially improve cost and environmental 
performance compared with existing processes, the firm says. 
Ethyleneamines are intermediate chemicals for products such as epoxy 
curing agents, which are in demand for wind turbine fabrication. They are 
also additives for oil, road materials, and paper. The global ethyleneamines 
market is between 550,000 and 600,000 metric tons per year, according to 
IHS Markit. The new process generates high yields of amines that contain 
at least three ethylene units, including diethylenetriamine and 
triethylenetetramine, the firm says. It claims that the new technology can 
unseat existing processes and will markedly strengthen its product portfolio. 
AkzoNobel plans to build a demonstration plant for the technology in 2018. 

 

https://cen.acs.org/articles/95/i40/AkzoNobel-new-route-
ethyleneamines.html 
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Reviews and Papers 

Catalysis 

A Hexa-rhodium Metallopeptide Catalyst for Site-Specific 
Functionalization of Natural Antibodies 
J. Am. Chem. Soc., 2017, 139, 12617-12622. DOI: 10.1021/jacs.7b06428 
Preparation of antibody–drug conjugates (ADCs), an emerging novel class of 
highly targeted biological hybrid agents, necessitates precise control of 
conjugation reactivity. Antibodies have complex multistranded architectures, 
and specific modification of natural antibodies has proven quite challenging. 
Here, we demonstrate that cooperative activity of a multimetallic 
metallopeptide enables efficient site-specific antibody functionalization, based 
on molecular recognition of the constant Fc region. This interplay of multiple 
metal centers enables introduction of an orthogonal alkyne handle into 
monoclonal or polyclonal antibodies from different species in an Fc-specific 
fashion. Elaboration of this simple functionalization allows preparation of 
conjugates with fluorophore, affinity handle, and pharmacological agents. This 
method opens a new opportunity for quick and easy production of well-defined 
antibody conjugates from a variety of antibody sequence and species of origin. 

 

Direct instrumental identification of catalytically active 
surface sites 
Nature, 2017, 549, 74–77. DOI: 10.1038/nature23661 
The activity of heterogeneous catalysts—which are involved in some 80 per cent 
of processes in the chemical and energy industries—is determined by the 
electronic structure of specific surface sites that offer optimal binding of 
reaction intermediates. Directly identifying and monitoring these sites during 
a reaction should therefore provide insight that might aid the targeted 
development of heterogeneous catalysts and electrocatalysts (those that 



 25 

participate in electrochemical reactions) for practical applications. The 
invention of the scanning tunnelling microscope (STM) and the 
electrochemical STM promised to deliver such imaging capabilities, and both 
have indeed contributed greatly to our atomistic understanding of 
heterogeneous catalysis. But although the STM has been used to probe and 
initiate surface reactions, and has even enabled local measurements of 
reactivity in some systems, it is not generally thought to be suited to the direct 
identification of catalytically active surface sites under reaction conditions. 
Here we demonstrate, however, that common STMs can readily map the 
catalytic activity of surfaces with high spatial resolution: we show that by 
monitoring relative changes in the tunnelling current noise, active sites can be 
distinguished in an almost quantitative fashion according to their ability to 
catalyse the hydrogen-evolution reaction or the oxygen-reduction reaction. 
These data allow us to evaluate directly the importance and relative 
contribution to overall catalyst activity of different defects and sites at the 
boundaries between two materials. With its ability to deliver such information 
and its ready applicability to different systems, we anticipate that our method 
will aid the rational design of heterogeneous catalysts. 

 

Anti-Markovnikov alkene oxidation by metal-oxo–
mediated enzyme catalysis 
Science, 2017, 358, 215-218. DOI: 10.1126/science.aao1482 
Catalytic anti-Markovnikov oxidation of alkene feedstocks could simplify 
synthetic routes to many important molecules and solve a long-standing 
challenge in chemistry. Here we report the engineering of a cytochrome P450 
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enzyme by directed evolution to catalyze metal-oxo–mediated anti-
Markovnikov oxidation of styrenes with high efficiency. The enzyme uses 
dioxygen as the terminal oxidant and achieves selectivity for anti-Markovnikov 
oxidation over the kinetically favored alkene epoxidation by trapping high-
energy intermediates and catalyzing an oxo transfer, including an 
enantioselective 1,2-hydride migration. The anti-Markovnikov oxygenase can 
be combined with other catalysts in synthetic metabolic pathways to access a 
variety of challenging anti-Markovnikov functionalization reactions. 

 

 

Single Turnover at Molecular Polymerization Catalysts 
Reveals Spatiotemporally Resolved Reactions 
Angew. Chem. Int. Ed., 2017, 56, 13772–13775. 
DOI: 10.1002/anie.201708284 
Multiple active individual molecular ruthenium catalysts have been pinpointed 
within growing polynorbornene, thereby revealing information on the reaction 
dynamics and location that is unavailable through traditional ensemble 
experiments. This is the first single-turnover imaging of a molecular catalyst by 
fluorescence microscopy and allows detection of individual monomer reactions 
at an industrially important molecular ruthenium ring-opening metathesis 
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polymerization (ROMP) catalyst under synthetically relevant conditions (e.g. 
unmodified industrial catalyst, ambient pressure, condensed phase, ca. 
0.03 m monomer). These results further establish the key fundamentals of this 
imaging technique for characterizing the reactivity and location of active 
molecular catalysts even when they are the minor components. 

 

Single polymer growth dynamics 
Science, 2017, 358, 352-355. DOI: 10.1126/science.aan6837 
In chain-growth polymerization, a chain grows continually to reach thousands 
of subunits. However, the real-time dynamics of chain growth remains 
unknown. Using magnetic tweezers, we visualized real-time polymer growth at 
the single-polymer level. Focusing on ring-opening metathesis polymerization, 
we found that the extension of a growing polymer under a pulling force does 
not increase continuously but exhibits wait-and-jump steps. These steps are 
attributable to the formation and unraveling of conformational entanglements 
from newly incorporated monomers, whose key features can be recapitulated 
with molecular dynamics simulations. The configurations of these 
entanglements appear to play a key role in determining the polymerization 
rates and the dispersion among individual polymers. 
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An algal photoenzyme converts fatty acids to 
hydrocarbons 
Science, 2017, 357, 903-907. DOI: 10.1126/science.aan6349 
Although many organisms capture or respond to sunlight, few enzymes are 
known to be driven by light. Among these are DNA photolyases and the 
photosynthetic reaction centers. Here, we show that the microalga Chlorella 
variabilis NC64A harbors a photoenzyme that acts in lipid metabolism. This 
enzyme belongs to an algae-specific clade of the glucose-methanol-choline 
oxidoreductase family and catalyzes the decarboxylation of free fatty acids to n-
alkanes or -alkenes in response to blue light. Crystal structure of the protein 
reveals a fatty acid–binding site in a hydrophobic tunnel leading to the light-
capturing flavin adenine dinucleotide (FAD) cofactor. The decarboxylation is 
initiated through electron abstraction from the fatty acid by the photoexcited 
FAD with a quantum yield >80%. This photoenzyme, which we name fatty acid 
photodecarboxylase, may be useful in light-driven, bio-based production of 
hydrocarbons. 
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Dynamic multinuclear sites formed by mobilized copper 
ions in NOx selective catalytic reduction 
Science, 2017, 357, 898-903. DOI: 10.1126/science.aan5630 
Copper ions exchanged into zeolites are active for the selective catalytic 
reduction (SCR) of nitrogen oxides (NOx) with ammonia (NH3), but the low-
temperature rate dependence on copper (Cu) volumetric density is inconsistent 
with reaction at single sites. We combine steady-state and transient kinetic 
measurements, x-ray absorption spectroscopy, and first-principles calculations 
to demonstrate that under reaction conditions, mobilized Cu ions can travel 
through zeolite windows and form transient ion pairs that participate in an 
oxygen (O2)–mediated CuI→CuII redox step integral to SCR. Electrostatic 
tethering to framework aluminum centers limits the volume that each ion can 
explore and thus its capacity to form an ion pair. The dynamic, reversible 
formation of multinuclear sites from mobilized single atoms represents a 
distinct phenomenon that falls outside the conventional boundaries of a 
heterogeneous or homogeneous catalyst. 
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Green Materials and Devices  

Ultrafast Charging High Capacity Asphalt–Lithium Metal 
Batteries 
ACS Nano, Article ASAP. DOI: 10.1021/acsnano.7b05874 
Li metal has been considered an outstanding candidate for anode materials in 
Li-ion batteries (LIBs) due to its exceedingly high specific capacity and 
extremely low electrochemical potential, but addressing the problem of Li 
dendrite formation has remained a challenge for its practical rechargeable 
applications. In this work, we used a porous carbon material made from asphalt 
(Asp), specifically untreated gilsonite, as an inexpensive host material for Li 
plating. The ultrahigh surface area of >3000 m2/g (by BET, N2) of the porous 
carbon ensures that Li was deposited on the surface of the Asp particles, as 
determined by scanning electron microscopy, to form Asp–Li. Graphene 
nanoribbons (GNRs) were added to enhance the conductivity of the host 
material at high current densities, to produce Asp–GNR–Li. Asp–GNR–Li has 
demonstrated remarkable rate performance from 5 A/gLi (1.3C) to 40 
A/gLi (10.4C) with Coulombic efficiencies >96%. Stable cycling was achieved 
for more than 500 cycles at 5 A/gLi, and the areal capacity reached up to 9.4 
mAh/cm2 at a highest discharging/charging rate of 20 mA/cm2 that was 10× 
faster than that of typical LIBs, suggesting use in ultrafast charging systems. 
Full batteries were also built combining the Asp–GNR–Li anodes with a 
sulfurized carbon cathode that possessed both high power density (1322 W/kg) 
and high energy density (943 Wh/kg). 
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All Plant Oil Derived Epoxy Thermosets with Excellent 
Comprehensive Properties 
Macromolecules, 2017, 50, 5729–5738. DOI: 10.1021/acs.macromol.7b01068 
Epoxidized plant oil (EPO) thermosets usually exhibit poor performance due to 
the short, brittle, and amorphous cross-link structures. To fabricate fully 
biobased high performance EPO thermoset, we synthesized dicarboxyl-
terminated polyamide1010 (NYL) oligomers from castor oil derived monomers, 
i.e., sebacic acid and decamethylene diamine, and used the NYL to cure 
epoxidized soybean oil (ESO) to fabricate all plant oil derived epoxy thermoset 
through a catalyst-free curing method. Chemorheological study indicated that 
the curing rate decreases with increasing NYL chain length. The cross-link 
density of the epoxy thermoset decreases while the crystallization enhances 
with increasing NYL chain length, which results in drastic enhancement in 
tensile strength, Young’s modulus, and elongation at break of the resultant 
thermosets, enabling those parameters to enhance by up to 59, 145, and 18 
times, respectively, compared to sebacic acid cured ESO thermoset. The 
melting temperature and thus the heat resistance of the thermosets are also 
enhanced obviously with increasing NYL chain length. In addition, the 
thermosets show good durability and excellent thermal stability. With excellent 
comprehensive properties, the all plant oil derived epoxy thermosets could find 
some structural applications other than adhesive and coating. 



 32 

 

Organic long persistent luminescence 
Nature, 2017, 550, 384–387. DOI: 10.1038/nature24010 
Long persistent luminescence (LPL) materials—widely commercialized as 
‘glow-in-the-dark’ paints—store excitation energy in excited states that slowly 
release this energy as light. At present, most LPL materials are based on an 
inorganic system of strontium aluminium oxide (SrAl2O4) doped with 
europium and dysprosium, and exhibit emission for more than ten hours. 
However, this system requires rare elements and temperatures higher than 
1,000 degrees Celsius during fabrication, and light scattering by 
SrAl2O4powders limits the transparency of LPL paints1. Here we show that an 
organic LPL (OLPL) system of two simple organic molecules that is free from 
rare elements and easy to fabricate can generate emission that lasts for more 
than one hour at room temperature. Previous organic systems, which were 
based on two-photon ionization, required high excitation intensities and low 
temperatures. By contrast, our OLPL system—which is based on emission from 
excited complexes (exciplexes) upon the recombination of long-lived charge-
separated states—can be excited by a standard white LED light source and 
generate long emission even at temperatures above 100 degrees Celsius. This 
OLPL system is transparent, soluble, and potentially flexible and colour-
tunable, opening new applications for LPL in large-area and flexible paints, 
biomarkers, fabrics, and windows. Moreover, the study of long-lived charge 
separation in this system should advance understanding of a wide variety of 
organic semiconductor devices. 
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Frustrated Lewis Pair Polymers as Responsive Self-
Healing Gels 
J. Am. Chem. Soc., 2017, 139, pp 14232–14236. DOI: 10.1021/jacs.7b07725 
Steric bulk prevents the formation of strong bonds between Lewis acids and 
bases in frustrated Lewis pairs (FLPs), where latent reactivity makes these 
reagents transformative in small molecule activations and metal-free catalysis. 
However, their use as a platform for developing materials chemistry is 
unexplored. Here we report a fully macromolecular FLP, built from linear 
copolymers that containing either a sterically encumbered Lewis base or Lewis 
acid as a pendant functional group. The target functional copolymers were 
prepared by a controlled radical copolymerization of styrene with designer 
boron or phosphorus containing monomers. Mixtures of the B- and P-
functionalized polystyrenes do not react, with the steric bulk of the functional 
monomers preventing the favorable Lewis acid base interaction. Addition of a 
small molecule (diethyl azodicarboxylate) promotes rapid network formation, 
cross-linking the reactive polymer chains. The resulting gel is dynamic, can self-
heal, is heat responsive, and can be reshaped by postgelation processing. 
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Copper nanoparticle ensembles for selective 
electroreduction of CO2 to C2–C3 products 
PNAS, 2017, 114, 10560-10565. DOI: 10.1073/pnas.1711493114 
Direct conversion of carbon dioxide to multicarbon products remains as a grand 
challenge in electrochemical CO2 reduction. Various forms of oxidized copper 
have been demonstrated as electrocatalysts that still require large 
overpotentials. Here, we show that an ensemble of Cu nanoparticles (NPs) 
enables selective formation of C2–C3 products at low overpotentials. Densely 
packed Cu NP ensembles underwent structural transformation during 
electrolysis into electrocatalytically active cube-like particles intermixed with 
smaller nanoparticles. Ethylene, ethanol, and n-propanol are the major C2–
C3 products with onset potential at −0.53 V (vs. reversible hydrogen electrode, 
RHE) and C2–C3 faradaic efficiency (FE) reaching 50% at only −0.75 V. Thus, 
the catalyst exhibits selective generation of C2–C3 hydrocarbons and 
oxygenates at considerably lowered overpotentials in neutral pH aqueous 
media. In addition, this approach suggests new opportunities in realizing 
multicarbon product formation from CO2, where the majority of efforts has 
been to use oxidized copper-based materials. Robust catalytic performance is 
demonstrated by 10 h of stable operation with C2–C3current density 10 
mA/cm2 (at −0.75 V), rendering it attractive for solar-to-fuel applications. 
Tafel analysis suggests reductive CO coupling as a rate determining step for 
C2 products, while n-propanol (C3) production seems to have a discrete 
pathway. 
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Harvesting electrical energy from carbon nanotube yarn 
twist 
Science, 2017, 357, 773-778. DOI: 10.1126/science.aam8771 
Mechanical energy harvesters are needed for diverse applications, including 
self-powered wireless sensors, structural and human health monitoring 
systems, and the extraction of energy from ocean waves. We report carbon 
nanotube yarn harvesters that electrochemically convert tensile or torsional 
mechanical energy into electrical energy without requiring an external bias 
voltage. Stretching coiled yarns generated 250 watts per kilogram of peak 
electrical power when cycled up to 30 hertz, as well as up to 41.2 joules per 
kilogram of electrical energy per mechanical cycle, when normalized to 
harvester yarn weight. These energy harvesters were used in the ocean to 
harvest wave energy, combined with thermally driven artificial muscles to 
convert temperature fluctuations to electrical energy, sewn into textiles for use 
as self-powered respiration sensors, and used to power a light-emitting diode 
and to charge a storage capacitor. 
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Hot carrier-enhanced interlayer electron–hole pair 
multiplication in 2D semiconductor heterostructure 
photocells 
Nature Nanotechnology, 2017, ASAP. DOI: 10.1038/nnano.2017.203 
Strong electronic interactions can result in novel particle–antiparticle 
(electron–hole, e–h) pair generation effects1, which may be exploited to 
enhance the photoresponse of nanoscale optoelectronic devices. Highly 
efficient e–h pair multiplication has been demonstrated in several important 
nanoscale systems, including nanocrystal quantum dots, carbon 
nanotubes and graphene. The small Fermi velocity and nonlocal nature of the 
effective dielectric screening in ultrathin layers of transition-metal 
dichalcogenides (TMDs) indicates that e–h interactions are very strong, so 
high-efficiency generation of e–h pairs from hot electrons is expected. 
However, such e–h pair multiplication has not been observed in 2D TMD 
devices. Here, we report the highly efficient multiplication of interlayer e–h 
pairs in 2D semiconductor heterostructure photocells. Electronic transport 
measurements of the interlayer I–VSD characteristics indicate that layer-
indirect e–h pairs are generated by hot-electron impact excitation at 
temperatures near T = 300	K. By exploiting this highly efficient interlayer e–
h pair multiplication process, we demonstrate near-infrared optoelectronic 
devices that exhibit 350% enhancement of the optoelectronic responsivity at 
microwatt power levels. Our findings, which demonstrate efficient carrier 
multiplication in TMD-based optoelectronic devices, make 2D 
semiconductor heterostructures viable for a new class of ultra-efficient 
photodetectors based on layer-indirect e–h excitations. 
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Liquid metal–organic frameworks 
Nature Materials, 2017, 16, 1149-1154. DOI: 10.1038/nmat4998 
Metal–organic frameworks (MOFs) are a family of chemically diverse 
materials, with applications in a wide range of fields, covering engineering, 
physics, chemistry, biology and medicine. Until recently, research has focused 
almost entirely on crystalline structures, yet now a clear trend is emerging, 
shifting the emphasis onto disordered states, including ‘defective by design’ 
crystals, as well as amorphous phases such as glasses and gels. Here we 
introduce a strongly associated MOF liquid, obtained by melting a zeolitic 
imidazolate framework. We combine in situ variable temperature X-ray, ex 
situ neutron pair distribution function experiments, and first-principles 
molecular dynamics simulations to study the melting phenomenon and the 
nature of the liquid obtained. We demonstrate from structural, dynamical, and 
thermodynamical information that the chemical configuration, coordinative 
bonding, and porosity of the parent crystalline framework survive upon 
formation of the MOF liquid. 
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Green Processing  

Olive Mill Wastewater: From a Pollutant to Green Fuels, 
Agricultural Water Source and Biofertilizer 
ACS Sustainable Chem. Eng., 2017, 5, 8988-8996. 
DOI: 10.1021/acssuschemeng.7b01786 
This investigation has established a complete environmentally friendly strategy 
for the valorization of olive mill wastewater (OMW). This valorization process 
includes different steps, namely, OMW impregnation on sawdust, drying, 
biofertilizer production, and soil amendment. The OMW impregnation on raw 
cypress sawdust (RCS) was performed using batch procedure mode. During this 
impregnation, 59% and 71% of the chemical oxygen demand and total dissolved 
salts of OMW were adsorbed on RCS. The drying of the impregnated sawdust 
(IS) and OMW was realized in a convective dryer at temperature ranging 
between 40 and 60 °C and air velocity ranging between 0.7 and 1.3 m/s. 
Comparison between both samples demonstrated clearly that the impregnation 
procedure accelerated the drying process and consequently allowed an ecologic 
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recovery of water from OMW that could be reused. The IS sample was pyrolyzed 
at 500°C for green fuel (bio-oil, gas) and char production. This residual char 
(IS-Char) exhibited higher mass fraction of 34.5%. The IS char characterization 
showed the presence of important nutrients (potassium, nitrogen, and 
phosphorus) contents. The application of the IS char as a biofertilizer for rye-
grass growth studies under controlled conditions showed promising results in 
terms of leaf dimensions and mass yields of the plant. These preliminary results 
indicated the validity of the established strategy to convert OMW from a 
pollutant to green fuels, agricultural water source, and biofertilizer. 

 

Integrated Depilation and Fiber Opening Using Aqueous 
Solution of Ionic Liquid for Leather Processing 
ACS Sustainable Chem. Eng., 2017, 5, 8610–8618. 
DOI: 10.1021/acssuschemeng.7b01116 
Pollution from the leather industry is of great concern for tanners worldwide. 
The unhairing and fiber-opening processes, which contribute the majority of 
the pollution through the use of sodium sulfide and calcium hydroxide, were 
replaced in this study by processes using an enzyme and the imidiazolium-
based ionic liquid (IL) 1-butyl-3-methylimidazolium tetrafluoroborate. In 
addition, the deliming process, which is typically applied after liming 
operations, was completely avoided, eliminating the use of ammonium salts, 
which leads to other environmental concerns. The extent of fiber opening of the 
matrix was analyzed by estimating the proteoglycan content and performing 
histological studies. The physical strength properties of the IL-treated leathers 
were found to be comparable to standard norms. This study thus demonstrates 
that ILs can be successfully employed for unhairing, where they can enhance 
the activity of unhairing enzymes, as well as for the fiber-opening process of 
leather making. 
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Enhanced Degradation of TCE on a Superfund Site Using 
Endophyte-Assisted Poplar Tree Phytoremediation 
Environ. Sci. Technol., 2017, 51, 10050–10058. 
DOI: 10.1021/acs.est.7b01504 
Trichloroethylene (TCE) is a widespread environmental pollutant common in 
groundwater plumes associated with industrial manufacturing areas. We had 
previously isolated and characterized a natural bacterial 
endophyte, Enterobacter sp. strain PDN3, of poplar trees, that rapidly 
metabolizes TCE, releasing chloride ion. We now report findings from a 
successful three-year field trial of endophyte-assisted phytoremediation on the 
Middlefield-Ellis-Whisman Superfund Study Area TCE plume in the Silicon 
Valley of California. The inoculated poplar trees exhibited increased growth and 
reduced TCE phytotoxic effects with a 32% increase in trunk diameter 
compared to mock-inoculated control poplar trees. The inoculated trees 
excreted 50% more chloride ion into the rhizosphere, indicative of increased 
TCE metabolism in planta. Data from tree core analysis of the tree tissues 
provided further supporting evidence of the enhanced rate of degradation of the 
chlorinated solvents in the inoculated trees. Test well groundwater analyses 
demonstrated a marked decrease in concentration of TCE and its derivatives 
from the tree-associated groundwater plume. The concentration of TCE 
decreased from 300 µg/L upstream of the planted area to less than 5 µg/L 
downstream of the planted area. TCE derivatives were similarly removed with 
cis-1,2-dichloroethene decreasing from 160 µg/L to less than 5 µg/L and trans-
1,2-dichloroethene decreasing from 3.1 µg/L to less than 0.5 µg/L downstream 
of the planted trees. 1,1-dichloroethene and vinyl chloride both decreased from 
6.8 and 0.77 µg/L, respectively, to below the reporting limit of 0.5 µg/L 
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providing strong evidence of the ability of the endophytic inoculated trees to 
effectively remove TCE from affected groundwater. The combination of native 
pollutant-degrading endophytic bacteria and fast-growing poplar tree systems 
offers a readily deployable, cost-effective approach for the degradation of TCE, 
and may help mitigate potential transfer up the food chain, volatilization to the 
atmosphere, as well as direct phytotoxic impacts to plants used in this type of 
phytoremediation. 

 

Massively parallel de novo protein design for targeted 
therapeutics 
Nature, 2017, 550, 74-79. DOI: 10.1038/nature23912 
De novo protein design holds promise for creating small stable proteins with 
shapes customized to bind therapeutic targets. We describe a massively parallel 
approach for designing, manufacturing and screening mini-protein binders, 
integrating large-scale computational design, oligonucleotide synthesis, yeast 
display screening and next-generation sequencing. We designed and tested 
22,660 mini-proteins of 37–43 residues that target influenza haemagglutinin 
and botulinum neurotoxin B, along with 6,286 control sequences to probe 
contributions to folding and binding, and identified 2,618 high-affinity binders. 
Comparison of the binding and non-binding design sets, which are two orders 
of magnitude larger than any previously investigated, enabled the evaluation 
and improvement of the computational model. Biophysical characterization of 
a subset of the binder designs showed that they are extremely stable and, unlike 
antibodies, do not lose activity after exposure to high temperatures. The designs 
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elicit little or no immune response and provide potent prophylactic and 
therapeutic protection against influenza, even after extensive repeated dosing.  

 

A Rapid Total Synthesis of Ciprofloxacin Hydrochloride in 
Continuous Flow 
Angew. Chem. Int. Ed., 2017, 56, 8870-8873. DOI: 10.1002/anie.201703812 
Within a total residence time of 9	min, the sodium salt of ciprofloxacin was 
prepared from simple building blocks via a linear sequence of six chemical 
reactions in five flow reactors. Sequential offline acidifications and filtrations 
afforded ciprofloxacin and ciprofloxacin hydrochloride. The overall yield of the 
eight-step sequence was 60 %. No separation of intermediates was required 
throughout the synthesis when a single acylation reaction was applied to 
remove the main byproduct, dimethylamine. 

 

Bypassing the Kohn-Sham equations with machine 
learning 
Nature Communications, 2017, 8, 872. DOI: 10.1038/s41467-017-00839-3 
Last year, at least 30,000 scientific papers used the Kohn–Sham scheme of 
density functional theory to solve electronic structure problems in a wide 
variety of scientific fields. Machine learning holds the promise of learning the 
energy functional via examples, bypassing the need to solve the Kohn–Sham 
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equations. This should yield substantial savings in computer time, allowing 
larger systems and/or longer time-scales to be tackled, but attempts to 
machine-learn this functional have been limited by the need to find its 
derivative. The present work overcomes this difficulty by directly learning the 
density- potential and energy-density maps for test systems and various 
molecules. We perform the first molecular dynamics simulation with a 
machine-learned density functional on malonaldehyde and are able to capture 
the intramolecular proton transfer process. Learning density models now 
allows the construction of accurate density functionals for realistic molecular 
systems. 

 

Mechanochemical unzipping of insulating polyladderene 
to semiconducting polyacetylene 
Science, 2017, 357, 475-479. DOI: 10.1126/science.aan2797 
Biological systems sense and respond to mechanical stimuli in a complex 
manner. In an effort to develop synthetic materials that transduce mechanical 
force into multifold changes in their intrinsic properties, we report on a 
mechanochemically responsive nonconjugated polymer that converts to a 
conjugated polymer via an extensive rearrangement of the macromolecular 
structure in response to force. Our design is based on the facile 
mechanochemical unzipping of polyladderene, a polymer inspired by a lipid 
natural product structure and prepared via direct metathesis polymerization. 
The resultant polyacetylene block copolymers exhibit long conjugation length 
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and uniform trans-configuration and self-assemble into semiconducting 
nanowires. Calculations support a tandem unzipping mechanism of the 
ladderene units. 

 

Synthesis and Solvent 

Eco-Friendly and Industrially Scalable Synthesis of the 
Sex Pheromone of Lobesia botrana. Important Progress 
for the Eco-Protection of Vineyard 
Org. Process Res. Dev., 2017, 21, 1542–1546. 
DOI: 10.1021/acs.oprd.7b00206 
A one-pot synthesis of the pheromone of Lobesia botrana is described. The 
procedure allows an efficient and economical access to this product which is 
used for the protection of vineyards. 
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Metal-catalyzed electrochemical diazidation of alkenes 
Science, 2017, 357, 575-579. DOI: 10.1126/science.aan6206 
Vicinal diamines are a common structural motif in bioactive natural products, 
therapeutic agents, and molecular catalysts, motivating the continuing 
development of efficient, selective, and sustainable technologies for their 
preparation. We report an operationally simple and environmentally friendly 
protocol that converts alkenes and sodium azide—both readily available 
feedstocks—to 1,2-diazides. Powered by electricity and catalyzed by Earth-
abundant manganese, this transformation proceeds under mild conditions and 
exhibits exceptional substrate generality and functional group compatibility. 
Using standard protocols, the resultant 1,2-diazides can be smoothly reduced 
to vicinal diamines in a single step, with high chemoselectivity. Mechanistic 
studies are consistent with metal-mediated azidyl radical transfer as the 
predominant pathway, enabling dual carbon-nitrogen bond formation. 

 

Stereodivergent synthesis with a programmable 
molecular machine 
Nature, 2017, 549, 374-378. DOI: 10.1038/nature23677 
It has been convincingly argued that molecular machines that manipulate 
individual atoms, or highly reactive clusters of atoms, with Ångström precision 
are unlikely to be realized. However, biological molecular machines routinely 
position rather less reactive substrates in order to direct chemical reaction 
sequences, from sequence-specific synthesis by the ribosome to polyketide 
synthases, where tethered molecules are passed from active site to active site in 
multi-enzyme complexes. Artificial molecular machines have been developed 
for tasks that include sequence-specific oligomer synthesis and the switching of 
product chirality, a photo-responsive host molecule has been described that is 
able to mechanically twist a bound molecular guest, and molecular fragments 
have been selectively transported in either direction between sites on a 
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molecular platform through a ratchet mechanism. Here we detail an artificial 
molecular machine that moves a substrate between different activating sites to 
achieve different product outcomes from chemical synthesis. This molecular 
robot can be programmed to stereoselectively produce, in a sequential one-pot 
operation, an excess of any one of four possible diastereoisomers from the 
addition of a thiol and an alkene to an α,β-unsaturated aldehyde in a tandem 
reaction process. The stereodivergent synthesis includes diastereoisomers that 
cannot be selectively synthesized through conventional iminium–enamine 
organocatalysis. We anticipate that future generations of programmable 
molecular machines may have significant roles in chemical synthesis and 
molecular manufacturing. 

 

SAM-dependent enzyme-catalysed pericyclic reactions in 
natural product biosynthesis 
Nature, 2017, 549, 502-506. DOI: 10.1038/nature23882 
Pericyclic reactions—which proceed in a concerted fashion through a cyclic 
transition state—are among the most powerful synthetic transformations used 
to make multiple regioselective and stereoselective carbon–carbon bonds. They 
have been widely applied to the synthesis of biologically active complex natural 
products containing contiguous stereogenic carbon centres. Despite the 
prominence of pericyclic reactions in total synthesis, only three naturally 
existing enzymatic examples (the intramolecular Diels–Alder reaction, and the 
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Cope and the Claisen rearrangements) have been characterized. Here we report 
a versatile S-adenosyl-L-methionine (SAM)-dependent enzyme, LepI, that can 
catalyse stereoselective dehydration followed by three pericyclic 
transformations: intramolecular Diels–Alder and hetero-Diels–Alder reactions 
via a single ambimodal transition state, and a retro-Claisen rearrangement. 
Together, these transformations lead to the formation of the dihydropyran core 
of the fungal natural product, leporin. Combined in vitro enzymatic 
characterization and computational studies provide insight into how LepI 
regulates these bifurcating biosynthetic reaction pathways by using SAM as the 
cofactor. These pathways converge to the desired biosynthetic end product via 
the (SAM-dependent) retro-Claisen rearrangement catalysed by LepI. We 
expect that more pericyclic biosynthetic enzymatic transformations remain to 
be discovered in naturally occurring enzyme ‘toolboxes’. The new role of the 
versatile cofactor SAM is likely to be found in other examples of enzyme 
catalysis. 
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Green Analytical Techniques 

Wearable Ring-Based Sensing Platform for Detecting 
Chemical Threats 
ACS Sens., Article ASAP. DOI: 10.1021/acssensors.7b00603 
This work describes a wireless wearable ring-based multiplexed chemical 
sensor platform for rapid electrochemical monitoring of explosive and nerve-
agent threats in vapor and liquid phases. The ring-based sensor system consists 
of two parts: a set of printed electrochemical sensors and a miniaturized 
electronic interface, based on a battery-powered stamp-size potentiostat, for 
signal processing and wireless transmission of data. A wide range of 
electrochemical capabilities have thus been fully integrated into a 3D printed 
compact ring structure, toward performing fast square-wave voltammetry and 
chronoamperometric analyses, along with interchangeable screen-printed 
sensing electrodes for the rapid detection of different chemical threats. High 
analytical performance is demonstrated despite the remarkable 
miniaturization and integration of the ring system. The attractive capabilities 
of the wearable sensor ring system have been demonstrated for sensitive and 
rapid voltammetric and amperometric monitoring of nitroaromatic and 
peroxide explosives, respectively, along with amperometric biosensing of 
organophosphate (OP) nerve agents. Such ability of the miniaturized wearable 
sensor ring platform to simultaneously detect multiple chemical threats in both 
liquid and vapor phases and alert the wearer of such hazards offers considerable 
promise for meeting the demands of diverse defense and security scenarios. 
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Integrated Magneto-Chemical Sensor For On-Site Food 
Allergen Detection 
ACS Nano, 2017, 11, 10062–10069. DOI: 10.1021/acsnano.7b04318 
Adverse food reactions, including food allergies, food sensitivities, and 
autoimmune reaction (e.g., celiac disease) affect 5–15% of the population and 
remain a considerable public health problem requiring stringent food 
avoidance and epinephrine availability for emergency events. Avoiding 
problematic foods is practically difficult, given current reliance on prepared 
foods and out-of-home meals. In response, we developed a portable, point-of-
use detection technology, termed integrated exogenous antigen testing (iEAT). 
The system consists of a disposable antigen extraction device coupled with an 
electronic keychain reader for rapid sensing and communication. We optimized 
the prototype iEAT system to detect five major food antigens in peanuts, 
hazelnuts, wheat, milk, and eggs. Antigen extraction and detection with iEAT 
requires <10 min and achieves high-detection sensitivities (e.g., 0.1 mg/kg for 
gluten, lower than regulatory limits of 20 mg/kg). When testing under 
restaurant conditions, we were able to detect hidden food antigens such as 
gluten within “gluten-free” food items. The small size and rapid, simple testing 
of the iEAT system should help not only consumers but also other key 
stakeholders such as clinicians, food industries, and regulators to enhance food 
safety. 
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Ionic Strength Sensing in Living Cells 
ACS Chem. Biol., 2017, 12, 2510–2514. DOI: 10.1021/acschembio.7b00348 
Knowledge of the ionic strength in cells is required to understand the in 
vivo biochemistry of the charged biomacromolecules. Here, we present the first 
sensors to determine the ionic strength in living cells, by designing protein 
probes based on Förster resonance energy transfer (FRET). These probes allow 
observation of spatiotemporal changes in the ionic strength on the single-cell 
level. 

 

Use of Mass Spectrometric Vapor Analysis To Improve 
Canine Explosive Detection Efficiency 
Anal. Chem., 2017, 89, 6482-6490. DOI: 10.1021/acs.analchem.7b00451 
Canines remain the gold standard for explosives detection in many situations, 
and there is an ongoing desire for them to perform at the highest level. This goal 
requires canine training to be approached similarly to scientific sensor design. 
Developing a canine training regimen is made challenging by a lack of 
understanding of the canine’s odor environment, which is dynamic and 
typically contains multiple odorants. Existing methodology assumes that the 
handler’s intention is an adequate surrogate for actual knowledge of the odors 
cuing the canine, but canines are easily exposed to unintentional explosive 
odors through training material cross-contamination. A sensitive, real-time (∼1 
s) vapor analysis mass spectrometer was developed to provide tools, 
techniques, and knowledge to better understand, train, and utilize canines. The 
instrument has a detection library of nine explosives and explosive-related 
materials consisting of 2,4-dinitrotoluene (2,4-DNT), 2,6-dinitrotoluene (2,6-
DNT), 2,4,6-trinitrotoluene (TNT), nitroglycerin (NG), 1,3,5-trinitroperhydro-
1,3,5-triazine (RDX), pentaerythritol tetranitrate (PETN), triacetone 
triperoxide (TATP), hexamethylene triperoxide diamine (HMTD), and 
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cyclohexanone, with detection limits in the parts-per-trillion to parts-per-
quadrillion range by volume. The instrument can illustrate aspects of vapor 
plume dynamics, such as detecting plume filaments at a distance. The 
instrument was deployed to support canine training in the field, detecting 
cross-contamination among training materials, and developing an evaluation 
method based on the odor environment. Support for training material 
production and handling was provided by studying the dynamic headspace of a 
nonexplosive HMTD training aid that is in development. These results 
supported existing canine training and identified certain areas that may be 
improved.  

 

Improved Sensitivity of Acetaldehyde Biosensor by 
Detecting ADH Reverse Reaction-Mediated NADH Fluoro-
Quenching for Wine Evaluation 
ACS Sens., 2017, 2, 940–946. DOI: 10.1021/acssensors.7b00184 

Acetaldehyde (AcH) is found in ambient air, foods, and the living body. This 
toxic substance is also contained in wine and known as an important ingredient 
affecting the quality of wine. Herein, we constructed and evaluated two 
different fiber-optic biosensors for measurement of AcH in the liquid phase 
(AcH biosensor) using aldehyde dehydrogenase (ALDH) or alcohol 
dehydrogenase (ADH). The AcH biosensor measured a concentration of AcH 
using fluorescence intensity of a reduced form of nicotinamide adenine 
dinucleotide (NADH) that was produced or consumed via catalytic reaction of 
the respective enzyme. In the AcH measurement system, an ultraviolet light 
emitting diode (UV-LED) and photomultiplier tube (PMT) were connected to a 
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bifurcated optical fiber and were used to excite and detect NADH. A sensing 
region was developed using an optical fiber probe and an enzyme-immobilized 
membrane, buffer pH, and concentrations of a coenzyme in buffer solution for 
ALDH forward reaction and ADH reverse reaction were optimized, and the 
dynamic ranges were compared. ADH-mediated AcH biosensor showed higher 
sensitivity, wider dynamic range (1–500 µM), and capability of rapid 
measurement (less than 3 min) than ALDH-mediated AcH biosensor (5–200 
µM). ADH biosensor also presented a high selectivity and allowed 
measurement of AcH in 9 different wine samples (5 red and 4 white wines). The 
determined concentrations were comparable to those measured by NADH 
absorbance method, which validated the accuracy of the ADH biosensor in AcH 
measurement. 

 

Optical Measurement of Radiocarbon below Unity 
Fraction Modern by Linear Absorption Spectroscopy 
J. Phys. Chem. Lett., 2017, 8, 4550-4556. DOI: 10.1021/acs.jpclett.7b02105 
High-precision measurements of radiocarbon (14C) near or below a fraction 
modern 14C of 1 (F14C ≤ 1) are challenging and costly. An accurate, 
ultrasensitive linear absorption approach to detecting 14C would provide a 
simple and robust benchtop alternative to off-site accelerator mass 
spectrometry facilities. Here we report the quantitative measurement of 14C in 
gas-phase samples of CO2 with F14C < 1 using cavity ring-down spectroscopy 
in the linear absorption regime. Repeated analysis of CO2 derived from the 
combustion of either biogenic or petrogenic sources revealed a robust ability to 
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differentiate samples with F14C < 1. With a combined uncertainty of 14C/12C = 
130 fmol/mol (F14C = 0.11), initial performance of the calibration-free 
instrument is sufficient to investigate a variety of applications in radiocarbon 
measurement science including the study of biofuels and bioplastics, illicitly 
traded specimens, bomb dating, and atmospheric transport. 
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綠能前線 

Turning Carbon Air Pollution into Artist 

Paints and Inks 
Converting pollution into a usable art medium was an idea concepted by 
Graviky Labs and executed by collaborating with several designers, artists, 
scientists, and automobile experts. After discovering a way to capture pollution, 
Graviky has began repurposing it into an ink called Air-Ink. The benefits of this 
medium is reduced air pollution, recycling the carbon for printing, painting and 
art needs and realizing the soot as a viable resource with creative benefits. 

 
KAALINK. Image courtesy of Graviky Labs 

 
It is no secret that the carbon emissions from car and truck engines contain a 
heavy soot content and that there are risks associated with breathing them in. 
Founded by MIT Media Lab researcher Anirudh Sharma, Nikhil Kaushik and 
Nitesh Kadyan, Graviky have been fusing technology and design to aid in 
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tackling environmental issues. While at MIT Media, Sharma came up with the 
idea of capturing pollution and repurposing it to use as ink. In order to create 
the ink, pollution is filtered through a three-step process. “At first stage, we use 
our proprietary technology “KAALINKTM” that captures soot emitted from 
vehicles. KAALINK  is a contraption retrofitted to the exhaust pipe of vehicles 
to capture the outgoing pollutants.” Sharma says, "The unit automatically turns 
on when an engine is activated and gases start flowing through the exhaust. All 
fine particle matter is then captured within the walls of the unit. In the second 
stage, the soot collected by KAALINKTM undergoes various proprietary 
processes to remove heavy metals and carcinogens. The end product is purified 
carbon pigment.  In the third and final stage, the purified carbon is used to 
make different types of inks and paints.” Sharma continues, “Each stage has its 
own challenge and we are still working on improving the efficiency and 
effectiveness of each process to increase the impact on pollution control.” 

 
KAALINK attached to a tailpipe. Image courtesy of Pavithra Chowdappa | Graviky Labs 

 
Each pen containing the Air-Ink captures approximately 40-50 mins of air 
pollution/PM generated by cars. “Our goal is to take our inks anywhere people 
want to use it and do our bit towards reducing pollution. By using our inks for 
day-to-day needs, he/she has the power to reduce our carbon-footprint,” says 
Sharma. As an art medium, the newly launched Air-Ink is as versatile as other 
products on the market and can be used in a variety of ways. “Our inks are 
formulated to target permanency and shall have an effect similar to any other 
permanent marker.” Sharma explains, “There are seven different grades of Air-
Ink, with different applications: Fabric, outdoor paints, art, graffiti, screen 
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printing, etc. We process the captured pollution to remove the heavy metals and 
carcinogens but the inks used for art work/graffiti etc are not fit for 
inhalation/ingestion. This is similar for any other ink or paint.” 

 
Material from vehicles. Image courtesy of Pavithra Chowdappa | Graviky Labs 

 
At the present time, Air-Inks and paints are being produced in different shades 
of grey and pitch black, though there are other sources of pollution that Graviky 
plans to harvest in the near future to get other colors. Sharma explains to us, “A 
separate effort is being made to broaden our portfolio by adding more varieties 
of inks and paints. Once we add printer cartridges refills to our portfolio, we 
shall be able to reduce the carbon-footprint in business/offices too. We are 
confident on the commercial viability of our products and looking forward to 
commercial launch by the end of this year.” 

This article including pictures are adapted from the report published in Creators, 
https://creators.vice.com/en_au/article/4xq9ed/turning-carbon-air-pollution-into-artist-

paints-and-inks. 

Additional Information: http://fluid.media.mit.edu/projects/kaala-printer-prints-uses-
pollution-ink and https://youtu.be/cwy549sOYb8 
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「空氣清淨塔」，將霧霾化為手上戒指 

荷蘭設計師丹・羅斯格德（Daan Roosegaarde）於 2014年拜訪北京，發現即便
身處飯店高樓，仍然被霧霾遮蔽視野。他認為汽機車的發明固然帶來了便利，排

放的黑煙卻污染了空氣，人們未必能具體感受到，但它確實對人民健康帶來衝擊，

此次經驗使他決定設計「空氣清淨塔」（Smog Free Tower）解決空氣汙染的問
題。 

2015年 7月，羅斯格德在募資平台 Kickstarter發起計畫，短短兩個月便號召了
超過 1500位民眾支持，募資超過 400萬台幣。在中國北京測試「空氣清淨塔」，
期望能改善當地的空氣品質，並喚起大眾對空污問題的重視。 

 

 
Photo credit: Studio Roosegaarde 

「空氣清淨塔」的運作方式就像一個超大型吸塵器，它利用離子技術，每小時僅

耗電 1.4 度（約一個電熱水壺），便能淨化周圍 3 萬立方公尺空氣，成功捕捉
PM2.5。使該區域的空氣清潔度要比其他區域高 75%，有效提升空氣品質。收集
到的霧霾經過高壓處理後，密封在立方體內，使其變身成別緻的戒指鑽石。 
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空氣清淨塔已於荷蘭鹿特丹公園初步測試，居民反應良好，甚至吸引多隻小白兔

聚集在塔旁，讓羅斯格德笑稱連兔子都能感受到空氣變好。除了中國北京，羅斯

格德也計畫帶著空氣清淨塔造訪世界幾個主要霧霾城市，包括新德里、巴黎、洛

杉磯和墨西哥等。然而，羅斯格德也坦承，空氣清淨塔首次在大範圍的城市區域

運作，機器的整體設計和功能運作是否能一如預期將會是一大挑戰。 

同樣的概念也將在台灣實現，鴻海集團旗下新創團隊創星物聯，4月，在新竹工
研院院區內先行建造一座實驗塔，採集實驗數據並優化技術，預計在今年年底前

於台北與台中興建兩座除霾塔，並且正式商轉，試驗其對空氣清淨的成效。 

一手打造除霾塔的是美籍科學家裴有康，裴有康任職於美國明尼蘇達大

學，是美國國家工程院（National Academy of Engineering）院士，也是中國
中科院愛因斯坦講席教授、世界氣溶膠協會前主席，是氣溶膠與空氣凈化領域

的世界頂尖學者，著作等身，光學術論文就有 255 篇，也擁有超過 26 項相
關專利。這兩座除霾塔，是由裴有康所研發的除霾塔，採用一般電力供電，每

座造價不會超過 1 億 5 千萬元新台幣。 

「這個塔叫做大型太陽能城市空氣清潔綜合系（HSALSCS）。」裴有康興
奮地說著自己的發明。去年在中國陝西省已經建成第一座除霾塔，就在西安市

長安區長安街上。裴有康和中科院地球環境所合作，在西安市進行了第一次的

試驗，「這座塔其主要原理是聚集空氣，透過鍍膜玻璃加熱空氣加熱，讓熱空

氣上升，到集熱棚，棚內過濾網牆，會過濾除掉空氣中 PM2.5 及 NOx、SO2 
等霧霾形成物質。」裴有康解釋基本運作原理。由於塔遠觀起來就像煙囪，

「這樣的造型還被當地居民誤會，以為要興建工廠非常反對。」裴有康笑言。 

 
裴有康設計的除霾塔（HSALSCS）實景照（西安）。（Source：創新物聯） 
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裴有康指出，美國洛杉磯也曾在 1940 年代遭受嚴重霧霾，「他們治理霧
霾花了 50 年，但我們已經沒有太多時間。中國的霧霾影響了 25 個省，共 6 
億人口的健康，根據世界衛生組織的調查，其中每年有 120 萬人因此死亡。我
們已經沒有太多時間，需要用 新的科技，快速降低霧霾的污染情況。」裴有

康說。他指出，研究這個領域可以拯救很多人的性命，這樣的信念是驅使他前

進的動力。「不過，霧霾還需要政府政策、產業與學術界，三者相互合作才有

可能成功降低霧霾。」裴有康強調。 

 
裴有康設計的新一代除霾塔（HSALSCS）。（Source：裴有康） 

 

(原文與圖片轉自社企流<<荷蘭設計師打造世界 大「空氣清淨塔」，將北京霧

霾化為手上戒指>>, http://www.seinsights.asia/article/3289/3270/4240, 以
及數位時代<<霧霾退散！創星物聯找世界頂尖學者協助台灣蓋第一座除霾塔
>>, https://technews.tw/2017/03/21/iot-smog-pm2-5/) 

Additional Information: https://www.studioroosegaarde.net/project/smog-free-
project/. https://www.youtube.com/watch?v=QesLlo9bTsA 

 


