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主編的話 

擔任綠色化學與永續化學主編，並不是個人研究生涯規劃，只是因為協助

官田區廢棄菱角殼碳化系統開發，幸運地達到了綠色化學的處理之條件，成為

新的可用資材「菱殼炭」，又稱為「官田烏金」。在一場綠色化學會議上，認識

了中國化學會秘書長趙奕姼老師，便接下了此份任務。因個人因素，第一期專

刊造成了延誤，在此先向所有讀者致歉，目前已經逐漸熟悉編輯程序，未來不

會再造成延誤出刊。 

第一期專刊的完成要感謝台南護專許君漢教授與成功大學化學系劉超慧同

學的協助，才能順利完成。綠色永續化學的議題是值得科學界關注，也需要有實

際的行動和具體的研究探索，才能真正落實綠色永續化學的理想。未來希望有更

多的學者和業界共同參與及互相交流，歡迎給予指正和建議。 
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Webinars 

Transforming Chemistry Education: Models for Transitioning to Green Chemistry 

Education in Higher Education 

April 1, 2020 @ 1:00 pm - 2:00 pm 

https://www.beyondbenign.org/event/transforming-chemistry-education-models-

for-transitioning-to-green-chemistry-education-in-higher-education/ 

Predicting the Biggest Chemistry Advances of 2020 

https://www.beyondbenign.org/event/transforming-chemistry-education-models-for-transitioning-to-green-chemistry-education-in-higher-education/
https://www.beyondbenign.org/event/transforming-chemistry-education-models-for-transitioning-to-green-chemistry-education-in-higher-education/
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December 4, 2019 https://www.acs.org/content/acs/en/acs-webinars/popular-

chemistry/predict-2020.html  

Combating Climate Change with New Nanobugs: Teaching Bacteria to Eat Carbon 

Dioxide and Light with Quantum Dots  

November 7, 2019 https://www.acs.org/content/acs/en/acs-webinars/technology-

innovation/nanobugs.html  

Conferences 

2020 Taipei International Conference on Catalysis 

“TICC-2020 is sponsored and organized by Catalysis Society of Taiwan and its 

members, who have worked very hard to provide an outstanding scientific programs 

related to photo-catalysis, electro-catalysis, biomass conversion, hydrogen 

utilization, modeling and simulation, oxide catalysis, environmental catalysis, etc.” 

June 25-28, 2020, Taipei, Taiwan 

https://www.ticc2020.org/index.html  

 24th Annual Green Chemistry & Engineering Conference 

“The theme for the 2020 conference is “Systems-Inspired Design”. The Green 

Chemistry & Engineering (GC&E) Conference, hosted by the American Chemical 

Society’s Green Chemistry Institute, has been a meeting ground for advancing 

sustainable science and solutions since 1997.” 

June 16-18, 2020, Seattle, Washington, USA 

https://www.gcande.org/  

GreenCarbon 2020 International Symposium 

“The research programme of the network covers all aspects from precursors (the 

nature of biomass) to processing (thermochemical conversion, porosity 

development, chemical functionalization) and application (e.g., CO2 capture, 

heterogeneous catalysis and chemicals from biomass) enabling a unique design of 

engineered sustainable biomass-derived carbon materials.” 

September 22-25, 2020, Zaragoza, Spain 

http://greencarbon-etn.eu/greencarbon2020/  

The 5th Asia Pacific Biochar Conference 2020 

“The Asia Pacific Biochar Conference (APBC) focuses on exploring research, 

development and novel applications in the fields of biochar.” 

October 22-25, 2020, Hong Kong 

http://www.apbc2020.com/  

 

https://www.acs.org/content/acs/en/acs-webinars/popular-chemistry/predict-2020.html
https://www.acs.org/content/acs/en/acs-webinars/popular-chemistry/predict-2020.html
https://www.acs.org/content/acs/en/acs-webinars/technology-innovation/nanobugs.html
https://www.acs.org/content/acs/en/acs-webinars/technology-innovation/nanobugs.html
https://www.ticc2020.org/index.html
https://www.gcande.org/
http://greencarbon-etn.eu/greencarbon2020/
http://www.apbc2020.com/
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News 

Investors chase sustainable aromatics - Processes using lignin, sugar, plastic waste, 

and more are moving out of the lab 

Ludo Diels, a research leader at the Belgian science 

institute Vito, gives a hopeful smile when asked if aromatic 

molecules—which make up about 40% of all industrial 

chemicals produced today—could soon be made from waste 

biomaterials or plastic. 

https://cen.acs.org/environment/green-

chemistry/Investors-chase-sustainable-aromatics/98/i8 

Europeans advance plastics recycling - P&G, Versalis, and Ineos look to novel 

technologies to confront plastic waste 

The consumer goods giant Procter & Gamble is stepping 

up use of recycled plastic to package its leading products in 

Europe. P&G’s move comes as the Italian chemical firm 

Versalis begins developing a process for chemically recycling 

waste plastic and the UK’s Ineos unveils a system that will 

enable the recycling of 6.5 billion bottle caps. The moves are 

a response to increasing consumer concern about plastic 

pollution and strengthening European legislation aimed at 

limiting plastic waste.  

 

https://cen.acs.org/environment/green-chemistry/Europeans-advance-plastics-

recycling/98/i8 

New catalyst recycles greenhouse gases into fuel and hydrogen gas 

Scientists have taken a major step 

toward a circular carbon economy by 

developing a long-lasting, economical 

catalyst that recycles greenhouse gases 

into ingredients that can be used in 

fuel, hydrogen gas, and other 

chemicals. The results could be 

revolutionary in the effort to reverse 

global warming, according to the 

https://cen.acs.org/environment/green-chemistry/Investors-chase-sustainable-aromatics/98/i8
https://cen.acs.org/environment/green-chemistry/Investors-chase-sustainable-aromatics/98/i8
https://cen.acs.org/environment/green-chemistry/Europeans-advance-plastics-recycling/98/i8
https://cen.acs.org/environment/green-chemistry/Europeans-advance-plastics-recycling/98/i8
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researchers. https://www.chemeurope.com/en/news/1165048/new-catalyst-

recycles-greenhouse-gases-into-fuel-and-hydrogen-gas.html  

A real alternative to crude oil - The synthesis of bio-based high-performance 

polyamide from biogenic residues 

A research team from the Fraunhofer Society and the Technical University of 

Munich (TUM) led by chemist Volker Sieber has developed a new polyamide family 

which can be produced from a byproduct of cellulose production – a successful 

example for a more sustainable economy with bio-based materials. 

https://www.chemeurope.com/en/news/1164646/a-real-alternative-to-crude-

oil.html 

How to make it easier to turn plant waste into biofuels - Innovative process to rapidly 

dissolve plant fibers 

Researchers have developed a new process 

that could make it much cheaper to produce 

biofuels such as ethanol from plant waste and 

reduce reliance on fossil fuels. 

Their approach, featuring an ammonia-salt 

based solvent that rapidly turns plant fibers 

into sugars needed to make ethanol, works well 

at close to room temperature, unlike 

conventional processes, according to a 

Rutgers-led study in the journal Green 

Chemistry. 

https://www.chemeurope.com/en/news/1164451/how-to-make-it-easier-to-turn-

plant-waste-into-biofuels.html 

From petroleum to wood - Cost-efficient and more sustainable 

  An interdisciplinary team of bio-

engineers and economists from KU Leuven 

has mapped out how wood could replace 

petroleum in the chemical industry. They 

not only looked at the technological 

requirements, but also whether that 

scenario would be financially viable. A shift 

from petroleum to wood would lead to a 

reduction in CO2 emissions, the 

researchers state in Science. 

https://www.chemeurope.com/en/news/1165048/new-catalyst-recycles-greenhouse-gases-into-fuel-and-hydrogen-gas.html
https://www.chemeurope.com/en/news/1165048/new-catalyst-recycles-greenhouse-gases-into-fuel-and-hydrogen-gas.html
https://www.chemeurope.com/en/news/1164646/a-real-alternative-to-crude-oil.html
https://www.chemeurope.com/en/news/1164646/a-real-alternative-to-crude-oil.html
https://www.chemeurope.com/en/news/1164451/how-to-make-it-easier-to-turn-plant-waste-into-biofuels.html
https://www.chemeurope.com/en/news/1164451/how-to-make-it-easier-to-turn-plant-waste-into-biofuels.html
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https://www.chemeurope.com/en/news/1164970/from-petroleum-to-wood.html 

 

Think all BPA-free products are safe? Not so fast, scientists warn 

Using 'BPA-free' plastic products could be 

as harmful to human health -- including a 

developing brain -- as those products that 

contain the controversial chemical, suggest 

scientists  

https://www.sciencedaily.com/releases/2020/02/200218182202.htm  

 

New green technology generates electricity 'out of thin air'- 

Power generation from ambient humidity using protein nanowires 

  Scientists at the University of 

Massachusetts Amherst have developed a 

device that uses a natural protein to create 

electricity from moisture in the air, a new 

technology they say could have significant 

implications for the future of renewable 

energy, climate change and in the future of 

medicine. 

 

https://www.chemeurope.com/en/news/1165030/new-green-technology-

generates-electricity-out-of-thin-air.html  

 

  

https://www.chemeurope.com/en/news/1164970/from-petroleum-to-wood.html
https://www.sciencedaily.com/releases/2020/02/200218182202.htm
https://www.chemeurope.com/en/news/1165030/new-green-technology-generates-electricity-out-of-thin-air.html
https://www.chemeurope.com/en/news/1165030/new-green-technology-generates-electricity-out-of-thin-air.html
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Reviews and Papers 

Green Perspectives 

Designing for a green chemistry future 

Science, 24 Jan 2020, 367, 6476, pp. 397-400 

DOI: 10.1126/science.aay3060 

The material basis of a 

sustainable society will 

depend on chemical products 

and processes that are 

designed following principles 

that make them conducive to 

life. Important inherent 

properties of molecules need 

to be considered from the 

earliest stage—the design 

stage—to address whether 

compounds and processes are 

depleting versus renewable, 

toxic versus benign, and persistent versus readily degradable. Products, feedstocks, 

and manufacturing processes will need to integrate the principles of green chemistry 

and green engineering under an expanded definition of performance that includes 

sustainability considerations. This transformation will require the best of the traditions 

of science and innovation coupled with new emerging systems thinking and systems 

design that begins at the molecular level and results in a positive impact on the global 

scale 

Tracking complex mixtures of chemicals in our changing environment 

Science, 24 Jan 2020, 367, 6476, pp.388-392 

DOI: 10.1126/science.aay6636 

Chemicals have improved our 

quality of life, but the resulting 

environmental pollution has the 

potential to cause detrimental 

effects on humans and the 

environment. People and biota 

are chronically exposed to 

thousands of chemicals from 

various environmental sources 

https://science.sciencemag.org/content/367/6476/397/tab-article-info
https://science.sciencemag.org/content/367/6476/388.abstract


 

 

10 

10 

through multiple pathways. Environmental chemists and toxicologists have moved 

beyond detecting and quantifying single chemicals to characterizing complex 

mixtures of chemicals in indoor and outdoor environments and biological matrices. 

We highlight analytical and bioanalytical approaches to isolating, characterizing, 

and tracking groups of chemicals of concern in complex matrices. Techniques that 

combine chemical analysis and bioassays have the potential to facilitate the 

identification of mixtures of chemicals that pose a combined riskproject reports. 

Concentrations of many legacy chemicals are decreasing after national and 

international actions led to near-global phase-out of these chemicals . However, the 

number of new chemicals is rising, with the Chemical Abstract Service Registry 

growing from 20 million to 156 million chemicals between 2002 and 2019. 

Regulation of problematic chemicals can take decades; once enacted, such rules can 

lead to chemical substitutions that are less well characterized. There have been 

several cases in which the replacement chemical had properties, including toxicity, 

similar to those of the chemical it was intended to replace. Notable examples 

include plasticizers, flame retardants, chlorinated paraffins, and polyfluoroalkyl 

substances 

Ultrasound and microwave irradiation: contributions of alternative physicochemical 

activation methods to Green Chemistry 

Green Chemistry, 2019, 21, 22, pp.6043 -6050 

DOI: 10.1039/C9GC02534K 

This perspective article 

reviews the evolution of 

research practices and 

challenges reported in 

the literature for the use 

of ultrasound (US) and 

microwave (MW) in 

greener chemical 

processes. Based on the articles published in the Green Chemistry journal from 1999 

to now, deemed as a mirror of the evolution of these technologies in eco-compatible 

applications, this article identifies the main thrust of research involving US and MW. 

Future deliberations involving these technologies by themselves or in combination 

including the current and anticipated challenges are highlighted. 

Covalent triazine frameworks – a sustainable perspective 

Green Chem., 29 Jan, 2020, Advance Article 

DOI: 10.1039/C9GC03482J 

https://pubs.rsc.org/en/content/articlelanding/2019/gc/c9gc02534k#!divAbstract
https://pubs.rsc.org/en/content/articlelanding/2020/gc/c9gc03482j#!divAbstract
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 Porous materials have 

played a major role in 

several applications such as 

catalysis, adsorption, gas 

storage, electronics and 

molecular separation. 

Henceforth, the design of 

porous materials has 

always been an essential 

field of research. Recently, covalent triazine frameworks (CTFs) have emerged as a 

versatile platform for such applications owing to their chemical tunability, high 

surface areas, permanent microporosities and high stability. CTFs have shown great 

potential for tackling important energy and environmental based challenges. This 

review summarizes the development of CTFs and its application in gas storage and 

separation, pollutant removal and catalysis. A critical outlook from a sustainable 

perspective on its design as well as application is provided focusing on its practical 

implementation. 

Z‐Scheme Photocatalytic Systems for Carbon Dioxide Reduction: Where Are We 

Now? 

Angew. Chem., 03, February, 2020 

DOI: 10.1002/ange.201914925 

Transforming CO2 into fuels 

by utilizing sunlight is 

promosing to synchronously 

overcome global warming 

and energy‐supply issues. It is 

crucial to design efficient 

photocatalysts endowing 

intriguing features of robust 

light‐harvesting ability, strong 

redox potential, high charge‐

separation and excellent 

durability. Hitherto, a single‐

component photocatalyst is 

incapable to simultaneously meet all these criteria. Inspired by natural 

photosynthesis, constructing artificial Z‐scheme photocatalysts provides a facile 

tactic to conquer these bottlenecks. In this review, we firstly introduce the 

fundamentals of photocatalytic CO2 reduction and Z‐scheme systems. This is 

https://onlinelibrary.wiley.com/doi/10.1002/ange.201914925
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followed by discussing state‐of‐the‐art Z‐scheme photocatalytic CO2 reduction; 

whilst special attention is put on the predominant factors (e.g. surface, morphology, 

CO2 adsorption) that affect photoactivity. Additionally, further modifications (e.g. 

doping, loading cocatalysts and facet engineering), which can unlock the promise of 

photocatalysis will be reviewed. Lastly, challenges and opportunities are presented 

to open a new epoch in engineering high‐efficiency Z‐scheme photocatalytic CO2 

reduction systems. 

Multi‐Photon Excitation in Photoredox Catalysis: Concepts, Applications, Methods 

Angew. Chem., 16, January, 2020 

DOI: 10.1002/ange.201915762 

 Porous materials 

have played a major 

role in several 

applications such as 

catalysis, adsorption, 

gas storage, 

electronics and 

molecular separation. 

Henceforth, the 

design of porous 

materials has always 

been an essential field 

of research. Recently, 

covalent triazine 

frameworks (CTFs) 

have emerged as a 

versatile platform for 

such applications owing to their chemical tunability, high surface areas, permanent 

microporosities and high stability. CTFs have shown great potential for tackling 

important energy and environmental based challenges. This review summarizes the 

development of CTFs and its application in gas storage and separation, pollutant 

removal and catalysis. A critical outlook from a sustainable perspective on its design 

as well as application is provided focusing on its practical implementation. 

 

Circular Economy 

Bio-coal: A renewable and massively producible fuel from lignocellulosic biomass 

Science Advances, 03 Jan, 2020, 6, 1 

DOI: 10.1126/sciadv.aay0748 

https://onlinelibrary.wiley.com/doi/abs/10.1002/ange.201915762
https://advances.sciencemag.org/content/6/1/eaay0748


 

 

13 

13 

 Development of renewable 

energy is essential to mitigating 

the fossil fuel shortage and 

climate change issues. Here, we 

propose to produce a new type of 

energy, bio-coal, via a fast 

pyrolysis coupled with 

atmospheric distillation process. 

The high heating values of the as-

prepared bio-coals from the 

representative biomass are 

within 25.4 to 28.2 MJ kg−1, which 

are comparable to that of the 

commercial coals. Life cycle 

assessment further shows that 

the bio-coal production process 

could achieve net positive energy, financial, and environmental benefits. By using 

available biomass wastes as feedstock, China is expected to have a total bio-coal 

production of 402 million tons of standard coal equivalent, which is equal to 13% of 

national coal consumption. It would grant China an opportunity to additionally cut 738 

million tons of CO2 emission by substituting an equal amount of coal with bio-coal in 

2030. 

Recycling non-food-grade tree gum wastes into nanoporous carbon for sustainable 

energy harvesting 

Green Chem., 22 Jan, 2020, Advance Article 

DOI : 10.1039/c9gc04310a 

 The disposal of 

natural wastes has 

become a global 

problem and the 

use of lower-grade 

gums is very 

limited owing to 

their impurities as 

well as sticky 

nature. Rather 

than disposing these wastes, nanoporous carbon (nC) has instead been synthesized by 

carbonization and exfoliation. The synthesized nC exhibits a substantially high surface 

https://pubs.rsc.org/en/content/articlelanding/2020/gc/c9gc04310a/unauth#!divAbstract
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area along with abundant micro/mesopores. This desirable and useful nature of nC is 

well-suited for water-driven effective electrical energy conversion, which enables the 

fast evaporation of water via a capillary action through nanopores. Under asymmetric 

wetting in a water container and ambient conditions, the nC-based energy harvesters 

showed high capability of electricity production and reliable output generation, easily 

turning on a blue light-emitting diode (2.5 V and 20 mA) using a stored power source. 

In summary, many energy harvesters can be manufactured for the scale-up of 

electricity, and the suitability of regenerated carbon nanomaterials for green energy 

harvesting can contribute toward alleviating chronic environmental issues. 

A novel closed-loop process for the simultaneous recovery of valuable metals and 

iron from a mixed type of spent lithium-ion batteries 

Green Chem., 2019, 21, 6342-6352 

DOI:10.1039/C9GC02844G

 

It might be of practical significance to recover different metals from the already 

complicated waste spent lithium-ion battery (LIB) stream by simplified recycling 

processes. This study is, therefore, focused on the exploration of a simplified process 

for the simultaneous recovery of different metals from waste cathode materials of 

mixed types of spent LIBs. It is discovered that the leaching agent phosphoric acid 

demonstrates natural repulsion for Fe, while valuable metals such as Ni, Co, Mn, and 

Li can be completely dissolved under optimized leaching conditions, indicating a 

coupling reaction of selective leaching and precipitating for valuable metals and iron, 

respectively. Characterization results indicate valuable metal-enriched solution and 

pure FePO4 in leaching solution and residue, respectively. Kinetics and dynamics 

studies suggest that the leaching of valuable metals is co-controlled by chemical 

reaction and internal diffusion, accompanying a spontaneous formation of FePO4. 

Then, new cathode materials LiFePO4 and LiNi1/3Co1/3Mn1/3O2 with sound 

electrochemical performances can be re-fabricated from leaching residues and 

lixivium, respectively, and phosphoric acid can be regenerated during the co-

precipitating of valuable metals. This entire recycling process can be a highly selective, 

https://pubs.rsc.org/en/content/articlelanding/2019/gc/c9gc02844g#!divAbstract
https://pubs.rsc.org/en/content/articlelanding/2019/gc/c9gc02844g#!divAbstract
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closed-loop and simplified alternative for recycling different metals from the current 

most complicated waste LIB stream. 

Complete waste recycling strategies for improving the accessibility of rice protein 

films 

Green Chem., 2020,22, 490-503 

DOI:10.1039/C9GC03354H 

 Although a plant protein film is a promising alternative to petroleum-based plastic 

films, the insoluble nature of some plant proteins still limits their use as film-forming 

materials. Alkali and thermal treatments are traditional methods to produce films from 

proteins with low solubility, which might pose a risk of caustic burns and harmful 

substances. Three innovative strategies for the preparation of film-forming precursors 

were proposed in this study, namely, a new solvent system using malic acid, a resist 

folding structure modified by wool keratin, and an electrostatic bound structure by 

citrus peel pectin. Furthermore, we successfully prepared these three types of rice 

protein films using glycerin and thermal treatments. The results showed that the film 

prepared with malic acid has the lowest haze, opacity, and water vapor transmission 

ability, and the film containing wool keratin has the highest mechanical strength and 

water resistance. The addition of pectin provided more pronounced whiteness (p < 

0.01) and rapid biodegradability compared with that for the film produced under 

conventional alkaline conditions. This work demonstrates facile preparation methods 

for safer and skin-friendly rice protein films and enlightens broad interests in the 

potential towards completely environment-friendly plant protein films as well. 

Dissolving used rubber tires 

Green Chem., 2020,22, 94-102 

DOI: 10.1039/C9GC03545A 

https://pubs.rsc.org/en/content/articlelanding/2020/gc/c9gc03354h/unauth#!divAbstract
https://pubs.rsc.org/en/content/articlehtml/2020/gc/c9gc03545a
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 Used automobile tires 

present an enormous 

environmental burden. 

Efficient methods for 

degradation of the sulfur 

crosslinks in organic 

elastomers have proven 

elusive. We show that the 

reductive silylation of RS-

SR bonds to silyl thio 

ethers RSSiR3 in up to 90% 

yield using a variety of hydrosilicones occurs in the presence of <1 mol% B(C6F5)3 for 

model compounds. Sulfur-cured automotive rubber required 10 wt% catalyst for 

efficient sulfide cleavage. At temperatures ranging from room temperature to 100°C 

recoveries of organic polymers as oils from tires using this one step process ranged 

from 56% for complex mixtures of rubber crumb from ground tires to 93% for butyl 

rubber (bicycle inner tubes; 87% yield at 100°C over 30 minutes). After removal of 

inorganic materials by simple filtration, the recovered polymeric oils were radically or 

oxidatively crosslinked to generate new elastomers that can be optionally reinforced 

with the solids recovered in the initial reduction procedure. This mild process 

constitutes a facile route to reutilize the organic polymers found in automobile and 

other sulfur-crosslinked rubbers. 

Catalytic Production of Alanine from Waste Glycerol 

Angew. Chem. Int. Ed. 2020, 59, 2289 –2293 

DOI: 10.1002/anie.201912580 

 
Chemical synthesis of amino acids directly from biomass feedstock is rare. Reported 

here is a one‐step protocol to convert crude glycerol, from the biodiesel industry, into 

43% alanine over a Ru1Ni7/MgO catalyst. The multifunctional catalytic system 

promotes glycerol conversion into lactic acid, and then into alanine. X‐ray absorption 

spectroscopy and scanning transmission electron microscopy revealed the existence 

of bimetallic RuNi species, whereas density‐functional theory calculations suggested 

Ni‐doped Ru substantially decreased the Ea of C−H bond dissociation of lactate 

https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201912580
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alkoxide to form pyruvate, which is the rate‐determining step. The catalytic route 

established in this work creates new opportunities for glycerol utilization and enriches 

the substrate scope of renewable feedstock to access value‐added amino acids. 

 

Water Treatment 

Catalytic O–H bond insertion reactions using surface modified sewage sludge as a 

catalyst 

Green Chem., 16 Jan, 2020, Advance Article 

DOI: 10.1039/C9GC03428E 

 

Developing a greener, sustainable catalyst is a very important but challenging task in 

organic synthesis. Herein, for the first time, we choose more economical and greener 

surface modified sewage sludge-derived carbonaceous materials (SW) treated by 

perchloric acid as a new catalyst for carbene insertion of α-aryl α-diazoacetates into O–H 

bonds of phenols with good yields and high functional group tolerance. Significantly, we 

explored the scope of natural phenols with compelling biological activity, and successfully 

afforded the O–H insertion and meta C–H functionalization products. Their structures have 

been confirmed by single-crystal X-ray crystallography. Furthermore, the bioactivities (anti-

tumor and anti-inflammatory) of the majority of O–H insertion products are better than 

those of the natural phenols themselves. The IC50 values indicated that the remarkable 

compounds 7a (IC50 = 16.80 μM) and 7c (IC50 = 16.48 μM) had better inhibition for tumor 

cell A-549 than positive control DDP (IC50 = 20.62 μM). It should be noted that these 

transformations may provide a new strategy to derive natural products and discover new 

drugs. 

A novel recovered compound phosphate fertilizer produced from sewage sludge 

and its incinerated ash 

ACS Sustainable Chem. Eng., February 12, 2020 

DOI: 10.1021/acssuschemeng.9b06861 

https://pubs.rsc.org/en/content/articlelanding/2020/gc/c9gc03428e/unauth#!divAbstract
https://pubs.acs.org/doi/abs/10.1021/acssuschemeng.9b04921
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Current disposal methods of sewage sludge (SS) and its incinerated ash (ISSA) do not 

allow for the recycling of the phosphorus (P) present. The aim of this study was to 

fabricate a P compound fertilizer by using an optimal SS-derived biochar (SSB) with 

enhanced inherent Ca-P content to load P from the P extract of ISSA. For this purpose, 

SS was impregnated with four agents (MgCl2, CaCl2, MgO and CaO) at mass ratios of 

20% or 10% and pyrolysed at 700°C or 300°C. Characterization of the produced SSBs 

indicated that those with 20% MgCl2, CaO and MgO added and pyrolysed at 700°C 

exhibited high surface areas, abundant mesopores and abundant plant-valuable P. 

When in contact with the P extract, these three SSBs showed the highest P adsorption 

efficiencies among the obtained SSBs but CaO/MgO-impregnated SSBs have more 

metal co-precipitation. The post-sorption SSBs were P-enhanced and alkalinity 

decreased, which are favourable for fertilizer application. Furthermore, a pot 

experiment verified that these three post-sorption SSBs had a comparable P fertilizer 

effect to that of commercial P fertilizer. Therefore, the MgCl2-impregnated SSB with P 

loading from the ISSA extract has potential as a P fertilizer alternative that can support 

global P sustainability by reclaiming P from SS and ISSA. 

Sustainable Novel Bamboo-Based Membranes for Water Treatment Fabricated by 

Regeneration of Bamboo Waste Fibers 

ACS Sustainable Chem. Eng., February 19, 2020 

DOI: 10.1021/acssuschemeng.9b07438 

 The waste fibers by-

product of the bamboo 

construction industry 

were used as the 

sustainable feedstock for 

the fabrication of 

cellulose-based 

membranes using 1-butyl-

3-methylimidazolium 

chloride [C4mim][Cl]([C4mim][Cl]) ionic liquid (IL) as a “green” and environmentally 

https://pubs.acs.org/doi/abs/10.1021/acssuschemeng.9b04820
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friendly solvent. The lignin and hemicellulose fractions of the bamboo waste fibers 

were removed, and the extracted cellulose was used at different concentrations (3, 5 

and 10 wt%) for the fabrication of membranes using the phase inversion technique. 

The intrinsic properties of the fabricated membranes such as morphology, crystallinity, 

surface charge, roughness, and chemistry were characterized using scanning electron 

microscopy, powder X-ray diffraction (XRD), Zeta potential, atomic force microscopy 

(AFM) and water contact angle respectively. The transformation of cellulose I to 

cellulose II with different crystallinity index was observed for each membrane based 

on the initial concentration of cellulose digested by [C4mim][Cl]. The performance of 

the bamboo-based membranes in the removal of different dyes (methylene blue, 

methylene orange, and crystal violet) from water was studied regarding membrane 

permeance, anti-fouling, and rejection. In general, the bamboo-based membranes 

performed similarly or better than comparable cellulose-based membranes in water 

flux, antifouling and rejection, which confirmed the successful conversion process of 

waste materials (bamboo waste fibers) to high-value-added product (membrane) 

through sustainable green technology. The size exclusion was observed as the main 

mechanism for dye rejection, and solute-diffusion was identified as the dominant 

transport mechanism through the bamboo-based-membranes. The physical 

membrane structure (dense layer) and the dye size were the two governing factors of 

rejection, and the surface charge and hydrophilicity are the governing factors of 

antifouling ability of the membranes. The 10%-bamboo-based membranes and 3%-

bamboo-membranes showed the highest dye rejection (87%) and water flux 600 LMH 

respectively. 

Electrochemical valorization of carboxylates in aqueous solution for the production 

of biofuels, fine chemicals, and hydrogen 

Green Chem., 2020, 22, 525-531 

DOI: 10.1039/C9GC03007G 

 Clean energy 

and renewable 

fine chemicals 

including 

biofuels, 

hydrogen, and 

bicarbonates are 

critical for a 

sustainable and 

green future. In 

this study, the integrated production of naturally separated high density liquid biofuels 

https://pubs.rsc.org/en/content/articlelanding/2020/gc/c9gc03007g/unauth#!divAbstract


 

 

20 

20 

(mainly C7 and C14 olefins), hydrogen gas, and fine chemicals is achieved in an 

electrochemical cell under ambient conditions. Biofuels are obtained by anodic 

decarboxylation of the carboxylates, hydrogen is obtained by cathodic reduction of water, 

and fine chemicals are obtained by the reaction between the alkaline aqueous solution and 

the anodic carbon dioxide products. An environmentally friendly and low-cost aqueous 

substitution method is employed to prepare self-supporting Pt nanospheres on 3D porous 

titanium sponge (Pt@TS) composite electrodes for such an integrated electrolysis. A Pt@TS 

anode with abundant Pt(100) facets exhibits enhanced activity and stability for 

electrocatalytic biofuel production as compared with commercial Pt anodes. 

Light-triggered syneresis of a water insoluble peptide-hydrogel effectively removes 

small molecule waste contaminants 

Chem. Commun., 18 Feb, 2020, Accepted Manuscript 

DOI: 10.1039/C9CC09225K 

 A short peptide based 

hydrogel exhibits aqueous 

insolubility, thixotropy and 

efficient light induced 

syneresis. Upon irradiation 

with UV light, the hydrogel 

shrinks and expells ~ 50% 

of the solvent. Syneresis is 

caused by light-triggered 

trans-cis isomerisation of 

an azobenzene moiety in 

the peptide derivative. 

This expulsion of solvent 

can be effectively 

exploited in the removal of low molecular weight contaminants in water. 

Sludge Incineration Bottom Ash Enhances Anaerobic Digestion of Primary Sludge 

toward Highly Efficient Sludge Anaerobic Codigestion 

ACS Sustainable Chem. Eng. 2020, 8, 7, 3005-3012 

DOI: 10.1021/acssuschemeng.0c00015 

https://pubs.rsc.org/en/content/articlehtml/2020/cc/c9cc09225k
https://pubs.acs.org/doi/10.1021/acssuschemeng.0c00015
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 In wastewater 

treatment plants 

(WWTPs), two main sludge streams, i.e., primary sludge (PS) and waste activated sludge 

(WAS), are generally mixed for anaerobic codigestion. However, the methane production is 

usually restricted by the poor and slow biodegradability of PS, and an effective approach 

for its efficient codigestion with WAS is still lacking due to its highly different sludge 

properties from those of WAS. Herein, we reported a novel strategy through using the 

sludge incineration bottom ash to enhance the anaerobic digestion of PS and its 

codigestion with WAS. Biochemical methane potential (BMP) test results showed that ash 

additive at 0.6–1.2 g/g-dry matter (DM) significantly enhanced PS anaerobic digestion, 

identified by an up to 18.2% increase in specific methane production. This was 

accompanied by a significantly improved dewaterability in the digestate. The 

transformations of metabolic intermediates revealed that the ash additive accelerated the 

hydrolysis and acidogenesis processes, which were also supported by the increased 

hydrolysis rate (k) of PS determined through kinetic modeling. Ash additive was then 

experimentally demonstrated to be effective in enhancing the anaerobic codigestion of PS 

and WAS, with the increased volatile solids (VS) destruction being approximately 19.8%, 

representing a reduction of digestate volume by 12.6%. The novel strategy proposed in this 

study provides a new paradigm of an integrated sludge-control by sludge to bring 

significant economic benefits to wastewater treatment and sludge disposal. 

 

CO2 Fixation 

CO2 electrolysis to multicarbon products at activities greater than 1 A cm−2 

Science, 07 Feb, 2020, Vol. 367, 6478, pp. 661-666 

DOI:10.1126/science.aay4217 

 Electrolysis offers an attractive route to upgrade greenhouse gases such as carbon 

dioxide (CO2) to valuable fuels and feedstocks; however, productivity is often limited 

by gas diffusion through a liquid electrolyte to the surface of the catalyst. Here, we 

https://science.sciencemag.org/content/367/6478/661
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present a catalyst:ionomer bulk heterojunction (CIBH) architecture that decouples gas, 

ion, and electron transport. The CIBH comprises a metal and a superfine ionomer layer 

with hydrophobic and hydrophilic functionalities that extend gas and ion transport 

from tens of nanometers to the micrometer scale. By applying this design strategy, we 

achieved CO2electroreduction on copper in 7 M potassium hydroxide electrolyte (pH 

≈ 15) with an ethylene partial current density of 1.3 amperes per square centimeter 

at 45% cathodic energy efficiency. 

Strategies in catalysts and electrolyzer design for electrochemical CO2 reduction 

toward C2+ products 

Science Advances, 21 Feb 2020, Vol. 6, no. 8 

DOI: 10.1126/sciadv.aay3111 

 In light of 

environmental concerns and energy transition, electrochemical CO2 reduction (ECR) 

to value-added multicarbon (C2+) fuels and chemicals, using renewable electricity, 

presents an elegant long-term solution to close the carbon cycle with added economic 

benefits as well. However, electrocatalytic C─C coupling in aqueous electrolytes is still 

an open challenge due to low selectivity, activity, and stability. Design of catalysts and 

reactors holds the key to addressing those challenges. We summarize recent progress 

in how to achieve efficient C─C coupling via ECR, with emphasis on strategies in 

electrocatalysts and electrocatalytic electrode/reactor design, and their 

corresponding mechanisms. In addition, current bottlenecks and future opportunities 

for C2+ product generation is discussed. We aim to provide a detailed review of the 

state-of-the-art C─C coupling strategies to the community for further development 

and inspiration in both fundamental understanding and technological applications. 

https://advances.sciencemag.org/content/6/8/eaay3111.abstract
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Selective electrochemical CO2 conversion to multicarbon alcohols on highly efficient 

N-doped porous carbon-supported Cu catalysts 

Green Chem., 2020, 22, 71-84 

DOI: 10.1039/C9GC03088C 

The selective and 

efficient electrocatalytic 

transformation of carbon 

dioxide (CO2) to 

multicarbon alcohols 

(e.g., C2H5OH and 

C3H7OH) is a challenge in 

renewable and 

sustainable energy research. Herein, a series of hybrid catalysts consisting of Cu 

nanoparticles supported on N-doped porous carbon (Cu/NPC) were prepared. It was 

demonstrated that the selectivity for C2H5OH or C3H7OH could be tuned by introducing 

N-doped porous carbon materials as cocatalysts with different pyridinic N contents, 

which could in situ produce a reactive CO intermediate from CO2. By varying the 

pyridinic N content, highly selective production of multicarbon alcohols was achieved 

using the Cu/NPC hybrid catalysts with a high faradaic efficiency for one pot production 

of multicarbon alcohols up to 73.3% at −1.05 V (vs. RHE). The faradaic efficiency for 

C2H5OH and C3H7OH was 64.6% and 8.7%, respectively. The pyridinic N species were 

likely the CO-producing sites and together with Cu catalytic sites acted cooperatively 

to produce C2H5OH and C3H7OH via a two-site mechanism for efficient CO2 reduction 

to multicarbon alcohols. These findings provide novel guidance for the rational design 

of electrocatalysts and for tuning the catalytic activity and selectivity for multicarbon 

alcohol production from CO2. 

CO2 hydrogenation to formic acid over heterogenized ruthenium catalysts using a 

fixed bed reactor with separation units 

Green Chem., 22 Jan, 2020, Advance Article 

DOI: 10.1039/C9GC03088C 

Along with the mitigation 

of CO2 emission, recently, 

the CO2-derived formic 

acid process has drawn 

attention as a promising 

platform for the 

renewable-energy-

derived hydrogen storage 

https://pubs.rsc.org/en/content/articlelanding/2020/gc/c9gc03088c#!divAbstract
https://pubs.rsc.org/en/content/articlelanding/2020/gc/c9gc03088c#!divAbstract
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cycle by using formic acid as a liquid organic hydrogen carrier (LOHC). Here, a 

heterogenized Ru molecular catalyst on a bpyTN-30-CTF support is prepared and 

successfully implemented in an integrated trickle-bed reactor system for continuous 

CO2 hydrogenation to produce formic acid. The bpyTN-30-CTF support with an 

alternative structure of the bpy and TN motif increases the porosity and metal 

anchoring sites. The Ru/bpyTN-30-CTF catalyst prepared using the bpyTN-30-CTF 

support displays sufficient catalytic activity for commercialization. Under the 

continuous process, the catalyst exhibits substantial catalytic performance with the 

highest productivity of 669.0 gform. gcat
−1 d−1 with CO2 conversion of 44.8% for a 

superficial gas velocity of 72 cm s−1. Furthermore, the catalyst shows excellent stability 

in the continuous hydrogenation process with a trickle-bed reactor over 30 days of 

operation, reaching a total turnover number of 524 000 without any significant 

deactivation. Based on kinetic data, a new process to produce formic acid by 

CO2 hydrogenation has thus been proposed here. 

A new strategy for CO2 utilization with waste plastics: conversion of hydrogen 

carbonate into formate using polyvinyl chloride in water 

Green Chem., 2020, 22, 352-358 

DOI: 10.1039/C9GC02484K 

 This work reports the first 

observation of the 

reduction of hydrogen 

carbonate to formate with 

polyvinyl chloride (PVC) as 

a hydrogen source in high-

temperature water. 

Results show that 

NaHCO3 is successfully 

converted into formate with a 16% yield and nearly 100% selectivity based on 

hydrogen carbonate, simultaneously achieving the complete dechlorination of PVC at 

300 °C. The mechanistic study suggests that CH–OH group formation from the 

substitution reaction of chlorine in PVC by OH− is an important starting step, and then 

the CH–OH group and HCO3
− react to form formate via a redox reaction. Moreover, the 

selection of water as the reaction medium played a key role in the reduction of 

HCO3
− to formate using PVC. The present study provides a new and green method for 

not only hydrogen carbonate/CO2 conversion but also PVC waste dechlorination in a 

single step. 

 

https://pubs.rsc.org/en/content/articlelanding/2019/gc/c9gc02484k#!divAbstract
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Solar−Powered Organic Semiconductor−Bacteria Biohybrids for CO2 Reduction into 

Acetic Acid 

Angew. Chem., 17, February, 2020 

DOI: 10.1002/anie.202001047 

 Photosynthetic biohybrid systems have emerged as a promising platform for solar‐to‐

chemical conversion by integrating excellent light‐harvesting ability of semiconductors 

with the synthetic capability of biological cells. How to enhance the utilization of solar 

energy, hole/electron separation efficiency and the electron transfer between the 

semiconductor and biological cells is crucial to develop high‐performance 

photosynthesis platforms. In this work, we developed an organic 

semiconductor−bacteria biohybrid photosynthetic system, which could efficiently 

realize CO2 reduction to produce acetic acid through non‐photosynthetic bacteria 

Moorella thermoacetica. As the photosensitizers, both cationic electron‐transporting 

(n‐type) perylene diimide derivative (PDI) and hole‐transporting (p‐type) 

poly(fluorene‐co‐phenylene) (PFP) were coated on the bacteria surface to form p ‐ n 

heterojunction (PFP/PDI) layer, affording higher hole/electron separation efficiency. 

The π‐conjugated semiconductors possess excellent light‐harvesting ability and 

biocompatibility, and more importantly, the cationic side chains of organic 

semiconductors could intercalate into cell membrane, ensuring the efficient electron 

transfer to bacteria. As a result, Moorella thermoacetica can harvest photoexcited 

electrons from the PFP/PDI heterojunction, which can drive the Wood‐Ljungdahl 

pathway to synthesize acetic acid from CO2 under illumination. The efficiency of this 

organic biohybrid is ∼1.6%, which is comparable to those of reported inorganic 

biohybrid systems. This work opens a new avenue to explore bioenergy application of 

https://onlinelibrary.wiley.com/doi/10.1002/anie.202001047
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organic semiconductors, and also provides a convenient biomanufacturing approach 

to design organic semiconductor−bacteria biohybrids for efficient solar‐to‐chemical 

conversion. 

Bio-based or Biodegradable Materials 

Bioinspired structural color patch with anisotropic surface adhesion 

Science Advances, 24 Jan, 2020, 6, 4 

DOI: 10.1126/sciadv.aax8258 

 Patch plays an 

important role in 

clinical medicine for 

its broad 

applications in 

tissue repair and 

regeneration. Here, 

inspired by the 

diverse adhesion, 

anti-adhesion, and 

responsive 

structural color 

phenomena in 

biological interfaces, we present a hybrid hydrogel film with an adhesive polydopamine 

(PDA) layer and an anti-adhesive poly(ethylene glycol) diacrylate (PEGDA) layer in an 

inverse opal scaffold. It was demonstrated that the resultant hydrogel film could serve as 

a functional tissue patch with an excellent adhesion property on one surface for repairing 

injured tissues and an anti-adhesion property on the other surface for preventing adverse 

adhesion. Besides, because of the responsive structural color, the patch was imparted with 

self-reporting mechanical capability, which could provide a real-time color-sensing 

feedback to monitor the heartbeat activity. Moreover, the catechol groups on PDA 

imparted the patch with high tissue adhesiveness and self-healing capability in vivo. These 

features give the bioinspired patch high potential in biomedical applications. 

In situ Synthesis of Biomimetic Silica Nanofibrous Aerogels with Temperature‐

Invariant Superelasticity over One Million Compressions 

Angew. Chem., 11, February, 2020 

DOI: 10.1002/ange.202001679 

https://advances.sciencemag.org/content/6/4/eaax8258/tab-article-info
https://onlinelibrary.wiley.com/doi/10.1002/anie.202001679
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 Resilient and 

compressible three‐

dimensional 

nanomaterials 

comprising polymers, 

carbon, and metals have 

been prepared in 

diverse forms. However, 

the creation of 

thermostable elastic 

ceramic aerogels 

remains an enormous 

challenge. We 

demonstrate an in situ 

synthesis strategy to 

develop biomimetic silica nanofibrous (SNF) aerogels with superelasticity by integrating 

flexible electrospun silica nanofibers and rubber‐like Si−O−Si bonding networks. The stable 

bonding structure among nanofibers is in situ constructed along with a fibrous freeze‐

shaping process. The resultant SNF aerogels exhibit integrated properties of ultralow 

density (>0.25 mg cm−3), temperature‐invariant superelasticity up to 1100°C, and robust 

fatigue resistance over one million compressions. The ceramic nature also endows the 

aerogels with fire resistance and ultralow thermal conductivity. The successful synthesis of 

the SNF aerogels opens new pathways for the design of superelastic ceramic aerogels in a 

structurally adaptive and scalable form. 

Light-degradable hydrogels as dynamic triggers for gastrointestinal applications 

Science Advances, 17 Jan, 2020, 6, 3 

DOI: 10.1126/sciadv.aay0065 

 Triggerable 

materials 

capable of being 

degraded by 

selective stimuli 

stand to 

transform our 

capacity to 

precisely control 

biomedical 

device activity 

https://advances.sciencemag.org/content/6/3/eaay0065
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and performance while reducing the need for invasive interventions. Here, we describe 

the development of a modular and tunable light-triggerable hydrogel system capable of 

interfacing with implantable devices. We apply these materials to two applications in the 

gastrointestinal (GI) tract: a bariatric balloon and an esophageal stent. We demonstrate 

biocompatibility and on-demand triggering of the material in vitro, ex vivo, and in vivo. 

Moreover, we characterize performance of the system in a porcine large animal model 

with an accompanying ingestible LED. Light-triggerable hydrogels have the potential to be 

applied broadly throughout the GI tract and other anatomic areas. By demonstrating the 

first use of light-degradable hydrogels in vivo, we provide biomedical engineers and 

clinicians with a previously unavailable, safe, dynamically deliverable, and precise tool to 

design dynamically actuated implantable devices. 

Controlled assembly of secondary keratin structures for continuous and scalable 

production of tough fibers from chicken feathers 

Green Chem., 18 Feb, 2020, Advance Article 

DOI: 10.1039/C9GC03896E 

 Tough keratin 

fibers from chicken 

feathers have been 

produced 

continuously via controlled assembly of secondary protein structures. Though 

research on utilization of keratinous wastes began decades ago, very few regenerated 

products with high quality were developed due to damage to the primary structures 

during extraction and poor recovery of the secondary structures in the regenerated 

materials. Fibers have the highest quality requirements among the regenerated keratin 

products, including high toughness and resistance to repeated laundering. Our group 

developed regenerated keratin fibers on a lab scale previously. However, the 

regenerated keratin had poor spinnability with low recovery of secondary protein 

structures. As a result, keratin fibers could not be produced continuously, and their 

properties, especially the wet strength, were not acceptable. In this paper, high 

drawing ratios of keratin fibers on a continuous line have been achieved via stepwise 

oxidation and drawing technology. This technology resulted in controlled assembly of 

disulfide crosslinkages, optimum recovery of the secondary structures, satisfactory 

https://pubs.rsc.org/en/content/articlelanding/2020/gc/c9gc03896e/unauth#!divAbstract
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mechanical properties and scalable production of keratin fibers. Furthermore, the use 

of inexpensive chemicals makes the continuous keratin fiber production developed in 

this work affordable for scale-up. The technology developed for continuous production 

of tough keratin fibers has high potential for the development of high quality 

regenerated products from other cysteine-containing protein materials. 

Facile synthesis of “digestible”, rigid-and-flexible, bio-based building block for high-

performance degradable thermosetting plastics 

Green Chem., 2020, 22, 1275-1290 

DOI: 10.1039/C9GC04020J 

 Plastics are 

indispensable in 

modern society, but 

are non-sustainable 

resources, releasing 

hazardous chemicals 

during their service 

life, and post-disposal 

issues make 

traditional plastics a risk. Herein, we report a “digestible”, rigid-and-flexible, bio-

sourced building block for high-performance degradable plastics. This building block 

was synthesized from the bioresources vanillin (lignin derivative) and glycerol through 

solvent-free acetalization with a high conversion rate and high selectivity. It could be 

extremely rapidly degraded into non-toxic vanillin and glycerol under mild acidic 

conditions even at a similar pH and temperature to gastric juice in the human stomach 

(“digested”), resulting in the outstanding chemical degradability of its corresponding 

epoxy thermosets, which is beneficial for their recycling. By virtue of the benzene ring, 

heterocycle, and methoxyl group-related hydrogen bond, the degradable 

thermosetting plastic showed much higher mechanical properties (stronger and 

tougher) and comparable thermal properties relative to a commercial high-

performance counterpart based on bisphenol A (BPA). This favorable performance 

combination has never been reported for plastics. Thus, this bio-derived building block 

exhibits great potential as a sustainable and upgraded alternative to petroleum-

sourced aromatic chemicals such as BPA for high-performance plastics. 

Chemically Triggered Synthesis, Remodeling, and Degradation of Soft Materials 

J. Am. Chem. Soc., 3, Feb, 2020, 

DOI: 10.1039/C9GC04020J 

https://pubs.rsc.org/en/content/articlelanding/2020/gc/c9gc04020j#!divAbstract
https://pubs.rsc.org/no/content/articlelanding/2020/gc/c9gc04020j/unauth#!divAbstract
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 Polymer topology 

dictates dynamic and 

mechanical properties of 

materials. For most 

polymers, topology is a 

static characteristic. In 

this article, we present a 

strategy to chemically 

trigger dynamic topology 

changes in polymers in response to a specific chemical stimulus. Starting with a 

dimerized PEG and hydrophobic linear materials, a lightly cross-linked polymer, and a 

cross-linked hydrogel, transformations into an amphiphilic linear polymer, lightly cross-

linked and linear random copolymers, a cross-linked polymer, and three different 

hydrogel matrices were achieved via two controllable cross-linking reactions: 

reversible conjugate additions and thiol–disulfide exchange. Significantly, all the 

polymers, before or after topological changes, can be triggered to degrade into thiol- 

or amine-terminated small molecules. The controllable transformations of polymeric 

morphologies and their degradation herald a new generation of smart materials. 

 

Synthesis and Manufacture 

Bioinspired structural color patch with anisotropic surface adhesion 

Science, 20 Dec, 2019, 366, 6472, pp.1500-1504 

DOI: 10.1126/science.aay8224 

 Over the past decade, 

photoredox catalysis has 

harnessed light energy to 

accelerate bond-forming 

reactions. We postulated that a 

complementary method for the 

redox-activation of small organic 

molecules in response to 

applied mechanical energy 

could be developed through the 

piezoelectric effect. Here, we 

report that agitation of 

piezoelectric materials via ball 

milling reduces aryl diazonium 

salts. This mechanoredox 

https://science.sciencemag.org/content/366/6472/1500
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system can be applied to arylation and borylation reactions under mechanochemical 

conditions. 

Fast synthesis of hierarchical Al-free Ti-BEA plate-like nanocrystals from low-

templated dry gel via a steam-assisted conversion method 

Green Chem., 08 Jan, 2020, Advance Article 

DOI: 10.1039/C9GC03869H 

 A hierarchical 

nanosized Ti-

BEA zeolite was 

prepared via a 

green steam-

assisted 

conversion (SAC) 

method taking 

inorganic titanium source as the raw material. Neither aluminum source nor 

hydrofluoric acid was required, instead, only a bit of template agent (TEAOH/SiO2 = 0.2) 

and 2 days period were sufficient, much less than that reported (TEAOH/SiO2 ≥ 0.55, 

7–14 days). Comprehensively, the role of seeds, alkali ions, and ion exchange on the 

physicochemical properties of Ti-BEA products were investigated via a series of 

characterization. Innovatively, the tetracoordinated Ti active sites could be directly 

constructed by a simple ion exchange process instead of conventional acid washing; 

furthermore, the mechanism of ion exchange inducing Ti coordination transformation 

was also proposed to guide other titanosilicate zeolites. Excellent Ti active sites, 

surface properties, and textural properties endowed the Ti-BEA catalyst with excellent 

activity over cyclohexene epoxidation, while its synthesis procedure and cost were far 

better than reported. 

Achieving Multiple and Tunable Ratios of Syngas to Meet Various Downstream 

Industrial Processes 

ACS Sustainable Chem. Eng., February 9, 2020, 

DOI: 10.1021/acssuschemeng.9b07255 

 Electrochemical reduction of 

carbon dioxide (CO2) to syngas 

is one of the most promising 

routes to realize 

industrialization without 

additional separation issues. To 

achieve this, where the H2/CO 

ratio in syngas changes in a 

https://pubs.rsc.org/en/content/articlelanding/2020/gc/c9gc03869h/unauth#!divAbstract
https://pubs.acs.org/doi/abs/10.1021/acssuschemeng.9b02172
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wide range to further meet various downstream industrial processes, a highly efficient 

catalyst is concerned and required. Here, we introduce a series of CuZIF and their 

derived carbon catalysts to adjust the H2/CO ratio in syngas to meet the requirements 

of downstream processes in industry. The carbonization temperature for CuZIF is 

correlated with the CO2 adsorption ability, the local concentration of CO2, and mass 

transport. The current density reaches up to 7.91 mA cm–2 at −1.2 VRHE, corresponding 

to the enhanced production rate of the syngas. Furthermore, with copper doping, the 

carbon yield of samples has also been improved significantly, up to ∼30%. Remarkably, 

the as-produced H2/CO ratio of syngas can be adjusted in a wide range of 0.5–3 to 

satisfy different downstream processes at a potential of −1.5 VRHE by controlling the 

carbonization temperature of CuZIF. 

A sustainable preparation of catalytically active and antibacterial cellulose metal 

nanocomposites via ball milling of cellulose 

Green Chem., 2020, 22, 455-464 

DOI: 10.1039/C9GC02781E 

Cellulose, the most 

abundant polymer 

on Earth, and its 

composites have 

recently gained 

importance for the 

production of 

sustainable 

materials. These materials should be produced using green methods that avoid the 

utilization of toxic chemicals to ensure integrity for environmental sustainability. Ball 

milling, which gives a straightforward and (often) green synthetic access to materials, 

can be used to achieve this goal. Previously, it was shown that mechanochemical bond 

breakages in polymers generate mechanoradicals, which can be used to drive further 

reactions and to form polymer composites. In this study, we show that cellulose 

mechanoradicals generated during the ball milling of cellulose can reduce various 

metal ions to the corresponding metal nanoparticles (NPs) (Au, Ag, Pt, Pd, Co, and Cu), 

which are deposited and stabilized in the cellulose matrix. Using mechanoradicals to 

reduce the metal ions and form the cellulose composites, (1) the number of synthetic 

steps is reduced, and (2) the conventionally used, toxic reducing and stabilizing agents 

are avoided, which also prevents the contamination of the composites. The cellulose–

metal nanoparticle composites can exhibit a wide range of properties that depend on 

the metal nanoparticle in the composite; e.g., Au–cellulose nanocomposites exhibit 

catalytic activity, and Ag–cellulose nanocomposites exhibit antibacterial properties. 

https://pubs.rsc.org/en/content/articlelanding/2020/gc/c9gc02781e#!divAbstract
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The ball-milling method also permits blend formation using synthetic polymers, which 

allows tuning the physical properties of the final material. Finally, the method shown 

here provides a quick access to versatile metal nanoparticle cellulose composites (and 

their blends), which may find applications, such as in paper-based diagnostics and 

catalysis. 

(Non-)Kolbe electrolysis in biomass valorization – a discussion of potential 

applications 

Green Chem., 2020, 22, 286-301 

DOI: 10.1039/C9GC03264A 

Driven by the goal of a 

circular economy, the 

importance of 

renewable energies and 

sustainable sources of 

raw materials is steadily 

increasing. The 

electrochemical 

conversion of biomass-

based compounds into 

liquid energy sources 

and basic chemicals 

enables the direct combination of renewable energies with sustainable carbon sources. 

A variety of carboxylic acids are efficiently accessible from biomass and represent 

important platform chemicals in a future bioeconomy. With the help of Kolbe and Non-

Kolbe electrolysis, these raw materials offer great potential for electrified value chains 

as part of bio-refinery concepts. This contribution highlights current developments in 

these areas as well as the open challenges in order to gain deeper scientific insights 

and to develop technically viable processes. Moreover, aspects of green chemistry 

with regard to (Non-)Kolbe electrolysis are discussed. Last but not least, 

electrochemical conversions are an attractive approach to implementing modular and 

dynamic production plants. 

Methylformate from CO2: an integrated process combining catalytic hydrogenation 

and reactive distillation 

Green Chem., 2019, 21, 6307-6317  

https://doi.org/10.1039/C9GC03006A 

https://pubs.rsc.org/en/content/articlelanding/2020/gc/c9gc03264a#!divAbstract
https://doi.org/10.1039/C9GC03006A
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An integrated two-step 

process for the production 

of methylformate (MF) from 

CO2, H2 and MeOH was 

developed. In the first step, 

the hydrogenation of CO2 to 

a formate-amine adduct is 

carried out in a biphasic 

system comprising n-

decane as the catalyst phase and MeOH as the product phase. In the second step, the 

resulting methanol solution containing the formate-amine adduct is subjected to 

reactive distillation for esterification and isolation of methylformate. The selection of 

the amine played an important role for devising the overall process. Whereas in the 

hydrogenation step basic amines work best, medium to low basic amines are preferred 

in the esterification step. 1,2-Dimethyl-imidazole (1,2-DMI) was identified as an 

effective compromise for the integration of both steps. In the hydrogenation step, a 

bis(diphenylphosphino)methane ligand tailored with long alkyl chains ensured 

effective retention of the Ru-catalyst in the non-polar phase allowing straightforward 

reuse of the catalyst phase. In a semi-continuous set-up, repetitive hydrogenation (8 

cycles) led to a total turnover number (TTON) of 38 000 at an average turnover 

frequency (TOF) of 1400 h−1 with a cumulative catalyst leaching of only 1.4 mol% for P 

and 2.0 mol% for Ru. Reactive distillation was demonstrated in a continuously 

operated rectification unit leading to the isolation of MF at the head of the column 

with a purity of 91.5%. 

 

Materials 

High strength in combination with high toughness in robust and sustainable 

polymeric materials  

Science, 13, Dec, 2019, 366, 6471, pp.1376-1379 

DOI: 10.1126/science.aay9033 

 In materials 

science, there 

is an intrinsic 

conflict 

between high 

strength and 

high toughness, 

which can be 

https://science.sciencemag.org/content/366/6471/1376
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resolved for different materials only through the use of innovative design principles. 

Advanced materials must be highly resistant to both deformation and fracture. We 

overcome this conflict in man-made polymer fibers and show multifibrillar 

polyacrylonitrile yarn with a toughness of 137 ± 21 joules per gram in combination 

with a tensile strength of 1236 ± 40 megapascals. The nearly perfect uniaxial 

orientation of the fibrils, annealing under tension in the presence of linking molecules, 

is essential for the yarn’s notable mechanical properties. This underlying principle can 

be used to create similar strong and tough fibers from other commodity polymers in 

the future and can be used in a variety of applications in areas such as biomedicine, 

satellite technology, textiles, aircrafts, and automobiles. 

Rational Electrochemical Recycling of Spent LiFePO4 and LiCoO2 Batteries to 

Fe2O3/CoPi Photoanode for Water Oxidation 

ACS Sustainable Chem. Eng., February 14, 2020 

DOI: 10.1021/acssuschemeng.9b06175 

 Immense 

utilization of 

lithium ion 

batteries displays 

great advantages 

in sustainable 

energy conversion 

and storage in 

recent decades, 

which is resulting 

in large amount of 

disposal of spent batteries to the environment. The recycling of these spent batteries 

to refurbished ones or to other functional materials, will not only reduce the 

environment burdens but also provide new energy storage/conversion devices. One of 

the great challenges is the applications usually suffer from impurities from the waste. 

Here, we developed an electrochemical recycling method to deposit Fe films on F-

doped tin oxide (FTO) substrates at -1.2~-0.7 V vs RHE (Reversible Hydrogen Electrode) 

directly using the oxalic leaching solution from spent LiFePO4 cathode, which quickly 

converted to hematite films in air at 770°C. Furtherly, the cobalt phosphate based 

(CoPi) catalyst was photoelectrochemically deposited on this hematite films, by use of 

citric leaching solution from spent LiCoO2. Both the bare hematite and hematite/CoPi 

photoanodes demonstrated high power conversion efficiencies for water oxidation at 

0.053% and 0.13% in 1 M NaOH, respectively, suggesting a promising and robust 

method for solid waste recycling.  

https://pubs.acs.org/doi/abs/10.1021/acssuschemeng.9b04921
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An environmentally friendly strategy to prepare nitrogen-rich hierarchical porous 

carbon for high-performance supercapacitors 

Chem. Commun., 2020, 56, 2182-2185 

DOI: 10.1039/C9CC08854G 

 A green route modulated by 

the addition of CaCl2 during the 

potassium compound-assisted 

synthesis is developed for the 

first time for the synthesis of 

nitrogen-rich hierarchical 

porous carbon (NRHPC) with 

high external surface area and moderate total pore volume. The NRHPCN constructed 

by nanosheets is capable of simultaneously achieving high gravitational and volumetric 

capacity for supercapacitors (SCs). 

Borate chemistry inspired by cell walls converts soy protein into high-strength, 

antibacterial, flame-retardant adhesive 

Green Chem., 2020, 22, 1319-1328 

DOI: 10.1039/C9GC03875B 

 Urea formaldehyde, 

phenolic, and 

melamine 

formaldehyde resins 

are currently the most 

common wood 

adhesives. However, 

these modern wood 

adhesives have toxicity 

problems and most of the raw materials come from non-renewable resources. Ideally, 

future alternative adhesives will be prepared from non-toxic, inexpensive, and 

renewable natural materials. We found that borate chemistry can crosslink soy protein 

(SP) and soy polysaccharides (SPSs) to produce a strong adhesive, which is the core of 

the stable structure in higher plants. Hyperbranched polyester (HBPE) was added to 

the adhesive as a toughening agent. The resulting crosslinked protein adhesive bound 

wood with high strength and in some cases its force exceeded the force that the wood 

itself could withstand. In addition, the borate crosslinked protein adhesive displayed 

antimicrobial and flame-retardant properties. Simple borate chemistry can provide a 

way to produce low-cost, renewable, and high-performance materials. 

https://pubs.rsc.org/en/content/articlelanding/2020/cc/c9cc08854g#!divAbstract
https://pubs.rsc.org/en/content/articlelanding/2020/gc/c9gc03875b#!divAbstract
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Switchable Catalysis Improves the Properties of CO2-Derived Polymers: 

Poly(cyclohexene carbonate-b-ε-decalactone-b-cyclohexene carbonate) Adhesives, 

Elastomers, and Toughened Plastics 

ACS Sustainable Chem. Eng., February 20, 2020 

DOI: 10.1021/jacs.9b13106 

 Carbon dioxide/epoxide 

copolymerization is an 

efficient way to add value 

to waste CO2 and to reduce 

pollution in polymer 

manufacturing. Using this 

process to make low molar 

mass polycarbonate polyols 

is a commercially relevant 

route to new thermosets 

and polyurethanes. In contrast, high molar mass polycarbonates, produced from CO2, 

generally under-deliver in terms of properties, and one of the most widely investigated, 

poly(cyclohexene carbonate), is limited by its low elongation at break and high brittleness. 

Here, a new catalytic polymerization process is reported that selectively and efficiently 

yields degradable ABA-block polymers, incorporating 6–23 wt % CO2. The polymers are 

synthesized using a new, highly active organometallic heterodinuclear Zn(II)/Mg(II) catalyst 

applied in a one-pot procedure together with biobased ε-decalactone, cyclohexene oxide, 

and carbon dioxide to make a series of poly(cyclohexene carbonate-b-decalactone-b-

cyclohexene carbonate) [PCHC-PDL-PCHC]. The process is highly selective (CO2 selectivity 

>99% of theoretical value), allows for high monomer conversions (>90%), and yields 

polymers with predictable compositions, molar mass (from 38–71 kg mol–1), and forms 

dihydroxyl telechelic chains. These new materials improve upon the properties of 

poly(cyclohexene carbonate) and, specifically, they show good thermal stability (Td,5 ∼ 280 

°C), high toughness (112 MJ m–3), and very high elongation at break (>900%). Materials 

properties are improved by precisely controlling both the quantity and location of carbon 

dioxide in the polymer chain. Preliminary studies show that polymers are stable in aqueous 

environments at room temperature over months, but they are rapidly degraded upon 

gentle heating in an acidic environment (60 °C, toluene, p-toluene sulfonic acid). The 

process is likely generally applicable to many other lactones, lactides, anhydrides, epoxides, 

and heterocumulenes and sets the scene for a host of new applications for CO2-derived 

polymers. 

https://pubs.acs.org/doi/abs/10.1021/jacs.9b13106
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Valorization of Coal Fly Ash as a Stabilizer for the Development of Ni/CaO-Based 

Bifunctional Material 

ACS Sustainable Chem. Eng., February 21, 2020 

DOI: 10.1021/acssuschemeng.9b07360 

 Sorption-

enhanced glycerol 

steam reforming 

(SEGSR) is 

considered as one 

of the promising 

processes for 

H2 production by 

combining glycerol 

steam reforming 

with simultaneous CO2 capture in a single-unit operation. The key challenge for a successful 

SEGSR process is the selection of suitable high-temperature CO2 sorbents with high 

resistance to sintering. In the present work, an attempt was made to modify a CaO-based 

sorbent by adding different types of coal fly ash (FA1–FA12) to develop highly effective and 

economical CaO-based sorbents suitable for CO2 removal at high temperatures. Among the 

synthesized sorbents, the 90%CaO–FA5 sorbent offered the most stable CO2 capture 

activity over 20 cycles, with a CO2 capture capacity of 0.58 gCO2/gsorbent at the 1st cycle and 

0.45 gCO2/gsorbent at the 20th cycle. This can be attributed to the relatively high amounts of 

SiO2 and mullite (inert materials) in FA5 compared with those of the other FA-containing 

samples. The presence of these inert materials helps enhancing the sorbent stability by 

hindering their aggregation and sintering. This sorbent was then selected to synthesize a 

bifunctional catalyst–sorbent material for H2 production via SEGSR. The 15%Ni–CaO–FA5 

bifunctional material exhibited a stable H2 purity of ∼97% and a H2 yield of ∼90% for 30 

min (prebreakthrough) of the SEGSR reaction. These results highlight the high potential of 

FA5 as a low-cost stabilizer for improving the stability of CaO-based sorbents. 

 

https://pubs.acs.org/doi/abs/10.1021/acssuschemeng.9b07360
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主編的話 

現在的工業發展方向逐漸重視環保與永續，尤其是因疫情的關係，更讓全世

界了解到溫室效應問題之嚴重性，更值得化學家重新思考如何真正減緩溫室效應

之衝擊，以及循環經濟的重要性。其實化學家的基礎研究能力都非常紮實，但較

為缺乏實際應用之經驗，學理的探討和知識的獲取在現代資訊發達的時代已屬容

易，至於如何將基礎科學知識實際應用在解決社會獲國家所面臨的問題，才能使

化學更為具體且有價值的基礎科學。 

這幾年來我的實驗規模已逐漸朝向量化的目標，而不在只限於公克級的初步

研究。在大量合成製造的研究，也讓自己的思維更加嚴謹，同時亦學習到新的知

識和跨產業的合作方式，也能將基礎科學逐漸拓展到應用端，甚至能達到商品化

及解決問題的目標。這些產業化的研究與化學的基礎理論並不違背，只是在量化

過程會引入工程領域的學理(例如: 流體力學、質傳、熱傳)，出發點仍是以化學

做基礎。未來的研究持續朝向解決實際問題和商品化的標的前進，或許不一定會

成功，但是可提供對產業化有興趣和企圖心的學生一個範例，期待能對化學系的

學生有另一發展產業的人生，而不是所有學生未來只是單一化地進入高科技產業。  

變化與多樣性是化學系的特色，更多元的思想和嘗試才是化學家的本質。綠

色化學和循環經濟的考量更是需要化學家的參與核投入心力，因為唯有極為嚴謹

的科學構思，才能建構出真正符合節能、減碳，和低污染的產業，少了化學的指

國立成功大學化學系  林弘萍 
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引和修正，往往都只淪入解決問題的迴圈當中，並沒有達到永續的理想，這值得

大家重新思考產業發展的方向和模式。在下一期的前言內容，我將會舉個人近年

來參與的官田烏金之實例，探討化學如何協助農業廢棄物處理和產業化。 

第二期專刊的完成仍然要感謝台南護專許君漢教授與成功大學化學系劉超

慧同學的協助，才能順利完成。未來希望有更多的學者和業界共同參綠色永續化

學的研究與及交流，歡迎各界專家學者給予指正和建議。 
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August 12, 2020 @ 11:15 am - 12:00 pm  

https://www.beyondbenign.org/event/the-lead-teacher-program-green-

chemistry-plc/  

 

Conferences 
ACS Fall 2020 Virtual Meeting & Expo 

August 17-20, 2020, online 

https://www.beyondbenign.org/event/acs-fall-2020-virtual-meeting-expo/ 

 25th Annual Green Chemistry & Engineering Conference 

“The theme for the 2021 conference is “Sustainable Production to Advance the 

Circular Economy”. The Green Chemistry & Engineering (GC&E) Conference, hosted 

by the American Chemical Society’s Green Chemistry Institute, has been a meeting 

ground for advancing sustainable science and solutions since 1997.” 

June 14-16, 2021, Reston, VA, USA 

https://www.gcande.org/about/future-conferences/  

26th IUPAC INTERNATIONAL CONFERENCE ON CHEMISTRY EDUCATION (ICCE 2020) 

January 26-30, 2021, Cape Town, South Africa 
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News 

Nano-sponges of solid acid transform carbon dioxide to fuel and plastic waste to 

chemicals 

Solid acids are amongst the most essential 

heterogeneous catalysts, which have the potential to 

replace environmentally harmful liquid acids, in some 

of the most important processes, such as hydrocarbon 

cracking, alkylation, as well as plastic waste degradation 

and carbon dioxide to fuel conversion.  

https://www.chemeurope.com/en/news/1167422/nano-sponges-of-solid-acid-

transform-carbon-dioxide-to-fuel-and-plastic-waste-to-chemicals.html 

Air Products and thyssenkrupp Sign Exclusive Strategic Cooperation Agreement - 
World-Scale Electrolysis Plants to Generate Green Hydrogen 

Air Products and thyssenkrupp Uhde Chlorine 

Engineers announced the signing of a Strategic 

Cooperation Agreement (SCA). The two 

companies will collaborate exclusively in key 

regions, using their complementary technology, 

engineering and project execution strengths to 

develop projects supplying green hydrogen.  

https://www.chemeurope.com/en/news/1167038/air-products-and-thyssenkrupp-

sign-exclusive-strategic-cooperation-agreement.html  

 

Clean without scrubbing and using chemicals-Scientists develop self-cleaning 

aluminium surface 

A project team of Technische Universität 

Dresden and the Fraunhofer Institute for 

Material and Beam Technology IWS 

structured an aluminium plate with a laser 

process in such a way that water droplets 

no longer adhere and dirt particles can be 

removed from the surface - completely 

without chemical cleaning agents or 

additional effort.  

https://www.chemeurope.com/en/news/1166491/clean-without-scrubbing-and-

using-chemicals.html 

 

https://www.chemeurope.com/en/news/1167422/nano-sponges-of-solid-acid-transform-carbon-dioxide-to-fuel-and-plastic-waste-to-chemicals.html
https://www.chemeurope.com/en/news/1167422/nano-sponges-of-solid-acid-transform-carbon-dioxide-to-fuel-and-plastic-waste-to-chemicals.html
https://www.chemeurope.com/en/news/1167038/air-products-and-thyssenkrupp-sign-exclusive-strategic-cooperation-agreement.html
https://www.chemeurope.com/en/news/1167038/air-products-and-thyssenkrupp-sign-exclusive-strategic-cooperation-agreement.html
https://www.chemeurope.com/en/news/1166491/clean-without-scrubbing-and-using-chemicals.html
https://www.chemeurope.com/en/news/1166491/clean-without-scrubbing-and-using-chemicals.html
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Do we know enough about the safety of quat disinfectants? 

  With the COVID-19 pandemic raging around the globe, many people are depending 

on disinfectants, hand sanitizers, and sanitizing wipes to keep the novel coronavirus at 

bay. Such products often contain quaternary ammonium compounds, or quats. These 

workhorses of modern disinfection have been found in consumer products for decades. 

But in the last 10 years, scientists have 

linked quats to reproductive and 

developmental problems in animals, 

and found they can disrupt key cellular 

processes. So far there’s no data linking 

the compounds to toxicity in humans, 

but some scientists say there’s more to 

be done to fully assess quats’ safety.  

https://cen.acs.org/safety/consumer-

safety/know-enough-safety-quat-disinfectants/98/i30 

 

Strong, self-healing soft robots - A protein-based biopolymer repairs damage in 

seconds 

  Soft robots made of squishy, flexible 

materials can squeeze into tight spaces 

and manipulate unusually shaped 

objects better than their rigid cousins. 

But their soft structures can sustain 

mechanical damage through repetitive 

tasks, such as walking and gripping. Now, 

researchers have developed a protein-based polymer that can be used to make 

components such as pneumatic actuators that repair themselves in seconds when 

heated. 

https://cen.acs.org/materials/biomaterials/Strong-self-healing-soft-robots/98/i30  

 

New plastic pyrolysis capacity planned in the US - 

Plants by Braven Environmental and Encina will 

take in a combined 225,000 metric tons of waste 

plastic per year 

  Two new plastic pyrolysis plants are in the 

works in the US that could add a new recycling 

option for plastic trash and increase the supply of some commodity chemicals. In 

https://cen.acs.org/safety/consumer-safety/know-enough-safety-quat-disinfectants/98/i30
https://cen.acs.org/safety/consumer-safety/know-enough-safety-quat-disinfectants/98/i30
https://cen.acs.org/materials/biomaterials/Strong-self-healing-soft-robots/98/i30
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pyrolysis, a feedstock such as waste plastic is heated in a low-oxygen environment and, 

instead of burning, breaks down into a mix of simpler hydrocarbons. Tweaking the 

reaction conditions—such as temperature, pressure, or use of a catalyst—allows 

operators to get various product mixtures. 

https://cen.acs.org/environment/recycling/New-plastic-pyrolysis-capacity-

planned/98/i27 

 

BASF advances chemical polyurethane recycling 

 In a lab in Brandenburg, Germany, BASF 

researchers are turning polyurethane 

mattress foam back into its polyol starting 

materials. It’s easy to sort mattresses out 

of waste streams but not to recycle them. 

That combination makes mattresses an 

attractive target for BASF’s drive toward 

circular supply chains, says technical 

project manager Arno Volkmann. The firm expects to have pilot quantities of recycled 

polyol later this year. BASF says it is also working to recover diisocyanate, the other 

major foam component. 

https://cen.acs.org/environment/recycling/BASF-advances-chemical-polyurethane-

recycling/98/i26 

 

New high proton conductors with inherently oxygen deficient layers open 

sustainable future 

  Over the past few years, fuel 

cells have become a focal point of 

research in eco-friendly 

technology because of their 

superior abilities to store and 

produce renewable energy and 

clean fuel. A typical type of fuel 

cell gaining ground is the proton-

conducting fuel cell, which is 

primarily made of materials 

through which hydrogen ions 

(protons: H+), can easily move. Proton-conducting materials provide a number of 

advantages over commonly used fuel cells that comprise oxide-ion conductors for 

electrolytes, such as higher conductivity at low and intermediate temperatures, longer 

https://cen.acs.org/environment/recycling/New-plastic-pyrolysis-capacity-planned/98/i27
https://cen.acs.org/environment/recycling/New-plastic-pyrolysis-capacity-planned/98/i27
https://cen.acs.org/environment/recycling/BASF-advances-chemical-polyurethane-recycling/98/i26
https://cen.acs.org/environment/recycling/BASF-advances-chemical-polyurethane-recycling/98/i26
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lifetimes, and lower costs. 

https://www.chemeurope.com/en/news/1167075/new-high-proton-conductors-

with-inherently-oxygen-deficient-layers-open-sustainable-future.html 

 

Reviews and Papers 

Green Perspectives 

Transformation of Biomass DNA into Biodegradable Materials from Gels to  

Plastics for Reducing Petrochemical Consumption 

J. Am. Chem. Soc. 2020, 142, 22, 10114-10124 

https://pubs.acs.org/doi/10.1021/jacs.0c02438 

Ancient biomass is the main source for 

petrochemicals including plastics, which are 

inherently difficult to be degraded, 

increasingly polluting the earth’s ecosystem 

including our oceans. To reduce the 

consumption by substituting or even 

replacing most of the petrochemicals with 

degradable and renewable materials is 

inevitable and urgent for a sustainable future. 

We report here a unique strategy to directly 

convert biomass DNA, at a large scale and 

with low cost, to diverse materials including gels, membranes, and plastics without 

breaking down DNA first into building blocks and without polymer syntheses. With 

excellent and sometimes unexpected, useful properties, we applied these biomass 

DNA materials for versatile applications for drug delivery, unusual adhesion, 

multifunctional composites, patterning, and everyday plastic objects. We also 

achieved cell-free protein production that had not been possible by petrochemical-

based products. We expect our biomass DNA conversion approach to be adaptable 

to other biomass molecules including biomass proteins. We envision a promising 

and exciting era coming where biomass may replace petrochemicals for most if not 

all petro-based products. 

 

Application of Life Cycle Assessment and Machine Learning for High-Throughput 

Screening of Green Chemical Substitutes 

ACS Sustainable Chem. Eng. 2020, 8, 30, 11141–11151 

  https://pubs.acs.org/doi/10.1021/acssuschemeng.0c02211 

The production process of many active pharmaceutical ingredients such as 

https://www.chemeurope.com/en/news/1167075/new-high-proton-conductors-with-inherently-oxygen-deficient-layers-open-sustainable-future.html
https://www.chemeurope.com/en/news/1167075/new-high-proton-conductors-with-inherently-oxygen-deficient-layers-open-sustainable-future.html
https://pubs.acs.org/doi/10.1021/jacs.0c02438
https://pubs.acs.org/doi/10.1021/acssuschemeng.0c02211
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sitagliptin could cause severe environmental problems because of the use of toxic 

chemical materials and production infrastructure, energy consumption, and waste 

treatment. The environmental impacts of the sitagliptin production process were 

estimated with a life cycle assessment (LCA) method, which suggested that the use of 

chemical materials provided the major environmental impacts. Both methods of Eco-

indicator 99 and ReCiPe endpoint confirmed that chemical feedstock accounted for 

83% and 70% of life-cycle impact, respectively. Among all the chemical materials used 

in the sitagliptin production process, trifluoroacetic anhydride was identified as the 

largest influential factor in most impact categories according to the results of the 

ReCiPe midpoints’ method. 

Therefore, high-throughput screening was performed to seek for greener chemical 

substitutes to replace the target chemical (i.e., trifluoroacetic anhydride) by the 

following three steps. First, the 30 most similar chemicals were obtained from 2 million 

candidate alternatives in the PubChem database on the basis of their molecular 

descriptors. Thereafter, deep learning neural network models were developed to 

predict life-cycle impact according to the chemicals in Ecoinvent v3.5 database with 

known LCA values and corresponding molecular descriptors. Finally, 1,2-ethanediyl 

ester was proved to be one of the potential greener substitutes after the LCA data of 

these similar chemicals were predicted using the well-trained machine learning 

models. The case study demonstrated the applicability of the novel framework to 

screen green chemical substitutes and optimize the pharmaceutical manufacturing 

process. 

 

 

Green Solvent Selection Guide for Biobased Organic Acid Recovery 
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ACS Sustainable Chem. Eng. 2020, 8, 24, 8958–8969 

https://pubs.acs.org/doi/10.1021/acssuschemeng.0c01456 

Biobased organic 

acids constitute an 

important group of 

building block chemicals 

that can be produced 

from renewable 

resources, becoming a 

sustainable alternative 

to conventional 

petrochemical-derived commodities. However, due to the growing number of green 

solvents emerging as extraction media, the proper solvent selection for biomolecule 

separation from fermentation broths has become a key challenge in the biorefinery 

industry. The overall aim of this work is to develop a roadmap to select and design 

green solvents for sustainable downstream processing of biobased organic acids. To 

this end, a wide range of neoteric solvents (ionic liquids, eutectic solvents, and 

biobased solvents) were systematically evaluated for the recovery of relevant bio-

organic acids through a combination of experimental and COSMO-RS (conductor-like 

screening model for real solvents) molecular simulation methods. Comprehensive 

thermodynamic analyses evaluating the organic acid partition coefficients, excess 

enthalpy contributions, solvent–water affinity, and process spontaneity were 

performed to elucidate the main mechanism driving the separation process and to 

provide essential guidelines for further solvent development. On the basis of these 

findings, a rational screening approach was established to identify suitable solvents for 

the recovery of structurally different bio-organic acids. Ultimately, this paper provides 

a green solvent selection guide to design sustainable separation processes for 

biobased organic acids to serve as valuable platform chemicals to transition toward a 

biobased economy. 

 

Recent advances in hydrothermal carbonisation: from tailored carbon materials 

and biochemicals to applications and bioenergy 

Green Chem., 2020, 22, 4747-4800 

https://doi.org/10.1039/D0GC00998A 

Introduced in the literature in 1913 by Bergius, who at the time was studying 

biomass coalification, hydrothermal carbonisation, as many other technologies based 

on renewables, was forgotten during the “industrial revolution”. It was rediscovered 

https://pubs.acs.org/doi/10.1021/acssuschemeng.0c01456
https://doi.org/10.1039/D0GC00998A
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back in 2005, on the one 

hand, to follow the trend set 

by Bergius of biomass to coal 

conversion for decentralised 

energy generation, and on 

the other hand as a novel 

green method to prepare 

advanced carbon materials 

and chemicals from biomass 

in water, at mild temperature, for energy storage and conversion and environmental 

protection. In this review, we will present an overview on the latest trends in 

hydrothermal carbonisation including biomass to bioenergy conversion, upgrading of 

hydrothermal carbons to fuels over heterogeneous catalysts, advanced carbon 

materials and their applications in batteries, electrocatalysis and heterogeneous 

catalysis and finally an analysis of the chemicals in the liquid phase as well as a new 

family of fluorescent nanomaterials formed at the interface between the liquid and 

solid phases, known as hydrothermal carbon nanodots. 

 

Circular Economy 

Electrocatalysis as the nexus for sustainable renewable energy. The Gordian knot  

of activity, stability, and selectivity 

Angew. Chem. Int. Ed. 10.1002/anie.202007672 

https://doi.org/10.1002/anie.202007672 

Coupling harnessing of renewable 

energies with electrochemical 

technologies that convert the 

omnipresent molecules H2O, CO2 and 

N2 into chemical energy carriers and 

chemical feedstocks is at the frontier 

towards securing a sustainable green 

energy future. In this minireview, 

some weaknesses and incoherencies 

in the current predominant practices 

of determining electrocatalytic performance that have not only protracted progress 

towards realizing functional systems but also obstructed atomic and molecular scale 

insight into important fundamental properties and phenomena to inform rational 

bottom-up catalyst design are discussed. We highlight examples of stark 

discrepancies in material properties and electrocatalytic activity and stability that 

https://doi.org/10.1002/anie.202007672
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manifest when materials are tested at conditions of their envisaged deployment as 

opposed to common laboratory conditions and thereby advocate for unified 

activity-stability correlations at application relevant conditions and disambiguation 

of reporting electrocatalytic performance by contextualization with respect to 

fundamental inquisition or progress towards application. 

 

Hydrogenative Depolymerization of Nylons  

J. Am. Chem. Soc., 24 Jul 2020 

https://pubs.acs.org/doi/10.1021/jacs.0c05675 

 The widespread 

crisis of plastic 

pollution demands 

discovery of new 

and sustainable 

approaches to 

degrade robust 

plastics such as 

nylons. Using a 

green and 

sustainable 

approach based on hydrogenation, in the presence of a ruthenium pincer catalyst 

at 150oC and 70 bar H2, we report here the first example of hydrogenative 

depolymerization of conventional, widely used nylons, and polyamides in general. 

Un-der the same catalytic conditions, we also demonstrate the hydrogenation of a 

polyurethane to produce diol, diamine and methanol. Additionally, we demonstrate 

an example where monomers (and oligomers) obtained from the hydrogenation 

process can be dehydrogenated back to a poly(oligo)amide of approximately similar 

molecular weight, thus completing a closed loop cycle for recycling of poly-amides. 

Based on the experimental and DFT studies, we propose a catalytic cycle for the 

process that is facilitated by metal-ligand cooperativity. Overall, this unprecedented 

transformation, albeit at the proof of concept level, offers a new approach towards 

a cleaner route to recycling nylons. 

 

Controlled Engineering of Nano-Povidones for Efficient Iodine Recovery and 

Antibacterial Reutilization 

ACS Sustainable Chem. Eng., July 2020  

https://doi.org/10.1021/acssuschemeng.0c03387 

https://pubs.acs.org/doi/10.1021/jacs.0c05675
https://doi.org/10.1021/acssuschemeng.0c03387
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Iodine capture and 

reutilization have 

become one of the most 

pressing global 

challenges to public 

health. Herein, we 

synthesized novel 

antibacterial nano- 

povidones containing 

hydrophobic nitrile 

units and hydrophilic pyrrolidone units as two side chains via a radical 

copolymerization strategy. The pyrrolidone units functioned as an adsorbent to 

capture iodine and were capable of releasing iodine to attack pathogens. The particles’ 

morphology, size, and hydrophilicity/hydrophobicity balance were regulated facilely 

by introducing polyacrylonitrile into the povidone system. The final nano-povidone–

iodines were found to be extremely potent against two selected pathogens Escherichia 

coli and Staphylococcus aureus, with low cytotoxicity. Remarkably, in comparison with 

their bulk counterparts, the nano-povidone–iodines showed unexpectedly enhanced 

antibacterial action because of their special morphology and nanoscale size, rough 

surfaces, and hydrophilicity/hydrophobicity balance. This proposed strategy may 

indicate a new direction for pollutant treatment and secondary utilization. 

 

Towards closed-loop recycling of multilayer and coloured PET plastic waste by 

alkaline hydrolysis 

Green Chem., 2020, Advance Article, 27 Jul 2020 

https://doi.org/10.1039/D0GC00894J 

The vast increase in 

the generation of post-

consumer PET plastic 

waste, as well as fast 

increasing pledges of 

brand owners around 

the world to include 

recycled content have 

resulted in a pressing need for efficient recycling processes, such as chemical 

depolymerization. Although recycling rates of PET bottles are high, those of PET trays 

and films are still significantly lower due to the broad range of colours and multilayer 

structures, as well as due to a much poorer collection. In this study, a two-step aqueous 

https://doi.org/10.1039/D0GC00894J
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alkaline hydrolysis was carried out on different types of real PET plastic waste under 

mild conditions (≤80°C under atmospheric pressure). Reaction conditions such as 

temperature (50–80°C), ethanol to water ratio (20–100 vol%), NaOH amount (5–15 

wt%) and stirring rate (250–500 rpm) have been optimized by using pure PET pellets 

in order to maximize the product yield. At optimal conditions (60 : 40 vol% EtOH : H2O, 

5 wt% NaOH and at 80°C) product yields on a mass basis of approximately 95% have 

been achieved in less than 20 minutes. The purity of the obtained monomers, ethylene 

glycol (EG) and terephthalic acid (TPA), was characterized by NMR, UV-VIS and FTIR 

measurements. The experimental kinetic data are represented adequately using the 

diffusion model. Experiments performed at optimal conditions with different types of 

post-consumer plastic waste, revealed that the degradation rate increases inversely 

proportional to the particle size. Furthermore, the increased thickness of the samples 

and the presence of multilayers reduce the decomposition yield with a factor two as 

observed for monolayer (80%) versus multilayer PET trays (45%). In addition to 

transparent multilayer PET samples, by using the optimized alkaline hydrolysis with 

further cleaning processes different types of colours, including carbon black are 

removed from the hydrolysate successfully. A life cycle assessment (LCA) shows that 

the key to lower the carbon emissions is keeping the energy consumption low by 

increasing the solid/liquid (S/L) ratio and avoiding excess water addition during 

monomer purification. 

 

Water Treatment 

Long-term heat-storage ceramics absorbing thermal energy from hot water 

Science Advances 01 Jul 2020: Vol. 6, no. 27, eaaz5264 

https://advances.sciencemag.org/content/6/27/eaaz5264.full 

In thermal and nuclear power plants, 70% of the generated thermal energy is lost 

as waste heat. The temperature of the waste heat is below the boiling temperature of 

water. Here, we show a long-term heat-storage material that absorbs heat energy at 

warm temperatures from 38°C (311 K) to 67°C (340 K). This unique series of material 

is composed of scandium-substituted lambda-trititanium-pentoxide (λ-ScxTi3−xO5). λ-

ScxTi3−xO5 not only accumulates heat energy from hot water but also could release the 

accumulated heat energy by the application of pressure. 

http://orcid.org/0000-0002-2544-8261
http://orcid.org/0000-0002-2544-8261
https://advances.sciencemag.org/content/6/27/eaaz5264.full
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λ-ScxTi3−xO5 has 

the potential to 

accumulate heat 

energy of hot 

water generated 

in thermal and 

nuclear power 

plants and to 

recycle the 

accumulated heat 

energy on 

demand by 

applying external 

pressure. 

Furthermore, it 

may be used to 

recycle waste heat 

in industrial 

factories and 

automobiles 

 

 

 

Removal of Organic Micropollutants from Water by Macrocycle-Containing 

Covalent Polymer Networks 

Angew. Chem. Int. Ed. 10.1002/anie.202009113 

https://doi.org/10.1002/anie.202009113 

Access to clean drinking water is a recognized societal need that touches on the 

health and livelihood of millions of people worldwide. This is providing an incentive 

to develop new water-treatment technologies. Traditional technologies, while 

widespread, are usually inefficient at removing organic pollutants from sewage or 

so-called grey water. Macrocycle-containing covalent polymer networks have begun 

to attract attention in the context of water treatment owing to the inherent stability 

provided by the polymer backbones and their ability to capture micropollutant 

guests as the result of tunable macrocycle-based host−guest interactions. 

 

http://orcid.org/0000-0002-2544-8261
http://orcid.org/0000-0002-2544-8261
https://doi.org/10.1002/anie.202009113
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 In this 

minireview, we 

summarize recent 

advances (from 

2016 to mid-2020) 

involving the 

removal of organic 

micropollutants 

from water using 

macrocycle-

containing 

covalent polymer 

networks. An 

overview of future 

challenges within 

this subfield is also 

provided. 

 

 

 

Microalgae: a sustainable adsorbent with high potential for upconcentration of 

indium (iii) from liquid process and waste streams 

Green Chem., 2020, 22, 1985-1995 

https://doi.org/10.1039/C9GC03073E 

Indium (In) is a critical raw material in heavy demand in the optical-electronics 

industry. With its high supply risk, sustainable technologies are needed to recover 

In(III) from secondary sources, such as leachates from sludge produced by zinc 

http://orcid.org/0000-0002-2544-8261
http://orcid.org/0000-0002-2544-8261
https://doi.org/10.1039/C9GC03073E


 

 

18 

18 

processing industries (e.g., jarosite) and indium tin oxide etching wastewater. This 

study presents In(III) biosorption as an eco-friendly alternative to conventional 

physicochemical recovery technologies. The characteristics of In(III) adsorption by 

microalgal biomass were investigated in batch experiments. Adsorption isotherms 

were well-fitted by the Freundlich model. The estimated maximum In(III) adsorption 

capacity of microalgae was 0.14 mmol g−1, which is higher than that of some 

chemically modified adsorbents reported in the literature. Selectivity for In(III) was 

also observed over other metals, such as Cu(II), Zn(II), and Al(III). Furthermore, the 

microalgae biosorbent was regenerated using 0.1 M HCl solution, with up to 80% 

In(III) recovery, for several cycles. From these results, microalgae prove to have 

potential for In(III) biosorption from aqueous solution. 

 

Selective aerobic oxidation of sulfides to sulfoxides in water under blue light 

irradiation over Bi4O5Br2 

Green Chem., 2020, 22, 4884-4889 

https://doi.org/10.1039/D0GC01930E 

The effective and highly selective 

aerobic oxidation of sulfides to 

sulfoxides under green and mild 

conditions is still an important but 

challenging process. Here we 

present a photocatalytic system for 

sulfide oxidation to sulfoxides with 

high yields under blue LED 

irradiation. The photo-oxidation was carried out in water with oxygen over a 

bismuth-rich catalyst of Bi4O5Br2. The apparent quantum efficiency of sulfide 

oxidation reached 57.4%. The developed system provided a simple, robust, green 

and sustainable promising candidate for the practical application of sulfide oxidation. 

 

C02 Fixation 

Rationally designed indium oxide catalysts for CO2 hydrogenation to methanol 

with high activity and selectivity 

Science Advances 17 Jun 2020:Vol. 6, no. 25, eaaz2060 

https://advances.sciencemag.org/content/6/25/eaaz2060 

Renewable energy-driven methanol synthesis from CO2 and green hydrogen is a 

viable and key process in both the “methanol economy” and “liquid sunshine” 

http://orcid.org/0000-0002-2544-8261
http://orcid.org/0000-0002-2544-8261
https://doi.org/10.1039/D0GC01930E
https://advances.sciencemag.org/content/6/25/eaaz2060
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visions. Recently, In2O3-based 

catalysts have shown great promise 

in overcoming the disadvantages of 

traditional Cu-based catalysts. Here, 

we report a successful case of 

theory-guided rational design of a 

much higher performance In2O3 

nanocatalyst. Density functional 

theory calculations of CO2 

hydrogenation pathways over stable 

facets of cubic and hexagonal In2O3 

predict the hexagonal In2O3(104) 

surface to have far superior catalytic 

performance. This promotes the 

synthesis and evaluation of In2O3 in 

pure phases with different 

morphologies. Confirming our 

theoretical prediction, a novel hexagonal In2O3 nanomaterial with high proportion 

of the exposed {104} surface exhibits the highest activity and methanol selectivity 

with high catalytic stability. The synergy between theory and experiment proves 

highly effective in the rational design and experimental realization of oxide catalysts 

for industry-relevant reactions. 

 

Ternary Sn-Ti-O Electrocatalyst Boosts the Stability and Energy Efficiency of 

CO2 Reduction 

Angew.Chem. Int. Ed. 2020, 59,12860–12867 

https://doi.org/10.1002/anie.202004149 

Simultaneously improving 

energy efficiency (EE) and material 

stability in electrochemical 

CO2 conversion remains an 

unsolved challenge. Among a 

series of ternary Sn-Ti-O 

electrocatalysts, 3D ordered 

mesoporous (3DOM) 

Sn0.3Ti0.7O2 achieves a trade-off 

between active-site exposure and 

structural stability, demonstrating 

https://doi.org/10.1002/anie.202004149
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up to 71.5 % half-cell EE over 200 hours, and a 94.5 % Faradaic efficiency for CO at an 

overpotential as low as 430 mV. DFT and X-ray absorption fine structure analyses 

reveal an electron density reconfiguration in the Sn-Ti-O system. A downshift of the 

orbital band center of Sn and a charge depletion of Ti collectively facilitate the 

dissociative adsorption of the desired intermediate COOH* for CO formation. It is also 

beneficial in maintaining a local alkaline environment to suppress H2 and formate 

formation, and in stabilizing oxygen atoms to prolong durability. These findings provide 

a new strategy in materials design for efficient CO2 conversion and beyond. 

 

Highly Efficient Electroreduction of CO2 to C2+ Alcohols on Heterogeneous Dual 

Active Sites 

Angew. Chem. Int. Ed. 2020, 59, 1 – 7  

https://doi.org/10.1002/anie.202006847 

Electroreduction 

of CO2 to liquid 

fuels such as 

ethanol and n-

propanol, 

powered by 

renewable 

electricity, offers 

a promising 

strategy for 

controlling the 

global carbon 

balance and 

addressing the need for the storage of intermittent renewable energy. In this work, we 

discovered that the composite composed of nitrogen-doped graphene quantum dots 

(NGQ) on CuO-derived Cu nanorods (NGQ/Cu-nr) was an outstanding electrocatalyst 

for the reduction of CO2 to ethanol and n-propanol. The Faradaic efficiency (FE) of C2+ 

alcohols could reach 52.4 % with a total current density of 282.1 mA cm−2. This is the 

highest FE for C2+ alcohols with a commercial current density to date. Control 

experiments and DFT studies show that the NGQ/Cu-nr could provide dual catalytic 

active sites and could stabilize the CH2CHO intermediate to enhance the FE of alcohols 

significantly through further carbon protonation. The NGQ and Cu-nr had excellent 

synergistic effects for accelerating the reduction of CO2 to alcohols. 

 

Scalable Bifunctional Organoboron Catalysts for Copolymerization of CO2 and 

https://doi.org/10.1002/anie.202006847
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Epoxides with Unprecedented Efficiency 

J. Am. Chem. Soc. 2020, 142, 28, 12245–12255 

https://doi.org/10.1021/jacs.0c03651 

The metallic catalyst-

dominated alternating 

copolymerization of 

CO2 and epoxides has 

flourished for 50 years; 

however, the involved 

multistep preparation 

of the catalysts and the 

necessity to remove the colored metal residue in the final product present significant 

challenges in scalability. Herein, we report a series of highly active metal-free catalysts 

featured with an electrophilic boron center and a nucleophilic quaternary ammonium 

halide in one molecule for copolymerization of epoxides and CO2. The organocatalysts 

are easily scaled up to kilogram scale with nearly quantitative yield via two steps using 

commercially available stocks. The organocatalyst-mediated copolymerization of 

cyclohexane oxide and CO2 displays high activity (turnover frequency up to 4900 h–1) 

and >99% polycarbonate selectivity in a broad temperature range (25–150 °C) at mild 

CO2 pressure (15 bar). At a feed ratio of cyclohexane oxide/catalyst = 20 000/1, an 

efficiency of 5.0 kg of product/g of catalyst was achieved, which is the highest record 

achieved to date. The unprecedented activity toward CO2/epoxide copolymerization 

for our catalyst is a consequence of an intramolecular synergistic effect between the 

electrophilic boron center and the quaternary ammonium salt, which was 

experimentally ascertained by reaction kinetics studies, multiple control 

experiments, 11B NMR investigation, and the crystal structure of the catalyst. Density 

functional theory calculations further corroborated experimental conclusions and 

provided a deeper understanding of the catalysis process. The metal-free 

characteristic, scalable preparation, outstanding catalytic performances along with 

long-term thermostability demonstrate that the catalyst could be a promising 

candidate for large-scale production of CO2-based polymer. 

 

Bio-based or Biodegradable Materials 

Biomimetic anisotropic polymeric nanoparticles coated with red blood cell 

membranes for enhanced circulation and toxin removal 

Science Advances 15 Apr 2020:Vol. 6, no. 16, eaay9035 

https://advances.sciencemag.org/content/6/16/eaay9035 

https://doi.org/10.1021/jacs.0c03651
https://advances.sciencemag.org/content/6/16/eaay9035
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The design of next-generation 

nanobiomaterials requires 

precise engineering of both 

physical properties of the core 

material and chemical properties 

of the material’s surface to meet 

a biological function. A bio-

inspired modular and versatile 

technology was developed to 

allow biodegradable polymeric 

nanoparticles to circulate 

through the blood for extended periods of time while also acting as a detoxification 

device. To mimic red blood cells, physical and chemical biomimicry are combined to 

enhance the biological function of nanomaterials in vitro and in vivo. The 

anisotropic shape and membrane coating synergize to resist cellular uptake and 

reduce clearance from the blood. This approach enhances the detoxification 

properties of nanoparticles, markedly improving survival in a mouse model of sepsis. 

The anisotropic membrane-coated nanoparticles have enhanced biodistribution 

and therapeutic efficacy. These biomimetic biodegradable nanodevices and their 

derivatives have promise for applications ranging from detoxification agents, to drug 

delivery vehicles, and to biological sensors. 

 

Enhancing Agrichemical Delivery and Seedling Development with Biodegradable, 

Tunable, Biopolymer-Based Nanofiber Seed Coatings 

ACS Sustainable Chem. Eng. 2020, 8, 25, 9537–9548 

https://doi.org/10.1021/acssuschemeng.0c02696 

One of the challenges in 

agriculture consists of the 

inefficiencies in agrichemical 

delivery and utilization. 

Herein, a biodegradable, 

tunable, biopolymer-based 

nanoplatform was developed 

as seed coating to enhance 

agrichemical delivery and seedling development. The nanofibers are synthesized 

using electrospinning of biopolymer blends without any toxic chemicals or post-

treatment and enable tunable agrichemical release by modulating the polymer 

composition and hydrophilicity of nanofibers. The germination and subsequent 

https://doi.org/10.1021/acssuschemeng.0c02696
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growth of different nanofiber-coated seeds (tomato and lettuce) as a function of 

agrichemical release kinetics were investigated in greenhouse studies, in the 

presence or absence of a fungal pathogen (Fusarium species). Results from the 

greenhouse studies indicate the efficacy of such nanoenabled seed coating 

approach due to the precise delivery of agrichemical at the right place while utilizing 

a miniscule amount of agrichemical. The various Cu-release nanofiber coatings 

appeared to promote seed germination, particularly in the diseased media 

conditions. This more rapid germination led to increased seedling biomass for both 

plants (12–29%) in the healthy media conditions. Such seed nanocoating approach 

might be used in pathogen infested soil conditions to increase production yields. 

The developed nanofiber seed coating approach brings precision to agrichemical 

delivery and significantly improves germination and seedling biomass for model 

seeds compared to conventional film coating approaches utilized by the industry, 

owing to its unique nanofibrous structure and controlled release kinetics. 

 

Bioinspired Paper-Based Nanocomposites Enabled by Biowax–Mineral Hybrids 

and Proteins 

ACS Sustainable Chem. Eng. 2020, 8, 26, 9906–9919 

https://doi.org/10.1021/acssuschemeng.0c03187 

Paper-based products 

are similar to paper 

wasps’ nests built by 

biofiber separation and 

biofiber reassembly, 

where they add saliva for 

structural reinforcement 

and waterproofing. Rice 

leaves, which contain 

lignocellulosic components and look like paper sheets, have functional epidermises 

for directional self-cleaning and defensive barriers. We herein report a bioinspired 

concept of forming functional nanocomposites from environmentally friendly 

additives and cellulosic paper. Beeswax–silica hybrids mimic rice leaves’ mineralized 

biowaxy epidermises. Gelatin, which is chemically similar to protein-containing 

saliva of paper wasps, acts as a functional additive to facilitate anchorage of hybrids 

to paper and to consolidate/waterproof the composite structures. Thermal 

annealing reorganizes as-formed composites and induces the formation of 

transparent coatings. As expected, the consolidated nanocomposites show self-

cleaning superhydrophobicity. The processes of spraying biowax–mineral hybrid 

https://doi.org/10.1021/acssuschemeng.0c03187
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dispersion onto gelatin-deposited substrate followed by thermal annealing are 

integrable into unit operations of paper production as surface sizing or coating. 

Other features of the strategy would involve antibacterial properties and 

fruits/vegetables preservation. This simple, bioinspired strategy would direct 

sustainable paper-based products toward diversified applications: food/drinks 

containers or packaging materials that can reduce or eliminate liquid wastes, 

preservation of historic/artistic works, scientific demonstrations relevant to surface 

engineering and bionics, and children-related safe products, among others. 

 

Degradable and recyclable bio-based thermoset epoxy resins 

Green Chem., 2020, 22, 4187-4198 

https://doi.org/10.1039/D0GC01250E 

The design of a degradable high-performing 

thermoset without using organic solvents is 

critical for the understanding and sustainable 

development of homogeneous structures with 

simultaneous reinforcement and toughening 

functions. Here, we report a novel degradable 

and recyclable thermoset hyperbranched 

epoxy resin (EFTH-n) synthesized from bio-

based 2,5-furandicarboxylic acid (FDCA). EFTH-

n showed excellent performance on common 

diglycidyl ether of bisphenol-A (DGEBA) with simultaneous improvements in the 

impact strength, tensile strength, flexural strength, storage modulus and elongation 

by up to 181.84%, 60.22%, 24.08%, 32% and 58.0%, respectively. The homogeneous 

microstructure of EFTH-n/DGEBA composites was systematically analyzed using in 

situ Raman imaging, AFM, SEM, DMA, dynamic light scattering and the positron 

annihilation lifetime spectroscopy, which enabled us to attribute the improvements 

to the synergistic effect of the crosslinking density, free volume, intermolecular 

cavity, hyperbranched topological structure and good compatibility between the 

components, which was explained by an in situ reinforcing and toughening 

mechanism. We concluded that EFTH-n could significantly facilitate the degradation 

of the cured composites under mild conditions without using organic solvents 

together with a FDCA recycling yield of 56.8 wt%. 

 

Synthesis and Manufacture 

A new solvent system: Hydrothermal molten salt 

Science Advances 24 Apr 2020:Vol. 6, no. 17, eaaz7770 

https://doi.org/10.1039/D0GC01250E
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https://advances.sciencemag.org/content/6/17/eaaz7770.full 

This work proposes a new 

solvent system composed 

of a molten salt in 

pressurized water, so-

called hydrothermal 

molten salt (HyMoS). This 

system changes the 

paradigm of the solubility 

of inorganics in 

supercritical water. Using 

as an example NaOH, a low melting temperature salt, we show the possibility to 

precipitate it at a temperature above its melting one, leading to the instantaneous 

formation of the HyMoS. The molten salt is then capable of dissolving a large 

amount of inorganic salt, as exemplified with Na2SO4. This solvent system opens 

innovative ways with a potential to impact applications in many fields including 

materials synthesis, biomass conversion, recycling, green chemistry, catalysis, 

sustainable manufacturing and others. Beyond the impact on the hydrothermal 

community, this work also offers previously unexplored opportunities for the 

molten salt field with access to flow chemistry and insights regarding salt 

precipitation mechanism. 

 

Biocatalysis: Enzymatic Synthesis for Industrial Applications 

Angew. Chem. Int. Ed. 10.1002/anie.202006648 

https://doi.org/10.1002/anie.202006648 

Biocatalysis has found numerous 

applications in various fields as an 

alternative to chemical catalysis. The use 

of enzymes in organic synthesis, 

especially to make chiral compounds for 

pharmaceuticals as well for the flavors 

and fragrance industry, are the most 

prominent examples. In addition, 

biocatalysts are also used on large scale 

to make specialty and even bulk 

chemicals. This review intends to give 

illustrative examples in this field with a special focus on scalable chemical 

production using enzymes. It also discusses the opportunities and limitations of 

https://advances.sciencemag.org/content/6/17/eaaz7770.full
https://doi.org/10.1002/anie.202006648
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enzymatic syntheses at distinct examples and provides an outlook on emerging 

enzyme classes with potential for industrial applications. 

 

Systematic Green Solvent Selection for the Hydroformylation of Long-Chain 

Alkenes 

ACS Sustainable Chem. Eng. 2020, 8, 29, 10795–10811 

https://doi.org/10.1021/acssuschemeng.0c02611 

When selecting 

solvents, not only 

thermodynamic 

criteria but also 

environmental, 

health, and safety 

(EHS) properties 

should be considered. To this end, we present a fully automated solvent selection 

approach for the homogeneous catalyzed hydroformylation of 1-decene in a 

temperature-dependent thermomorphic multicomponent system (TMS) using the 

conductor-like screening model for real solvents (COSMO-RS). The state-of-the-art 

TMS uses N,N-dimethylformamide (DMF) as the catalyst carrier, which is 

developmentally toxic, thereby demanding replacement. In order to evaluate the 

EHS properties holistically, 30 predictive EHS models for 15 different properties are 

considered in the solvent selection framework, as well as the reliability of the 

predictions. From a database containing approximately 7800 molecules, the most 

promising candidates are identified. The best solvent among them, diethyl sulfoxide 

(DESO), is predicted as outperforming DMF as a catalyst solvent in the 

hydroformylation. The evidence suggests that DESO may be a broadly applicable 

environmentally benign substitute solvent for DMF. 

 

Towards an environmentally and economically sustainable biorefinery: heavy 

metal contaminated waste wood as a low-cost feedstock in a low-cost ionic liquid 

process 

Green Chem., 2020, 22, 5032-5041 

https://doi.org/10.1039/D0GC01241F 

https://doi.org/10.1021/acssuschemeng.0c02611
https://doi.org/10.1039/D0GC01241F
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In the present study, we used a low-cost protic ionic liquid, 1-methylimidazolium 

chloride, to simultaneously fractionate heavy metal contaminated wood and extract 

the metals from the wood at elevated temperature and short reaction time. This 

treatment selectively dissolves the lignin and hemicellulose in the biomass, leaving 

a solid cellulose-rich pulp, while coordinating and extracting 80–100% of the metal 

species present in the wood in a one-pot process. The lignin stream was recovered 

from the liquor and the cellulose was hydrolysed and then fermented into ethanol. 

The ionic liquid was recycled 6 times and the metals were recovered from the 

liquor via electrodeposition. This is the first time that highly contaminated waste 

wood has been integrated into a process which does not produce a contaminated 

waste stream, but instead valorises the wood as a feedstock for renewable 

chemicals, materials and fuels, while efficiently recovering the metals, converting a 

toxic environmental hazard into a rich source of biorenewables. We have therefore 

used an otherwise problematic waste as a low-cost lignocellulsoic feedstock for a 

circular bioeconomy concept. 

 

Materials 

Lightweight, tough, and sustainable cellulose nanofiber-derived bulk structural 

materials with low thermal expansion coefficient 

Science Advances 01 May 2020:Vol. 6, no. 18, eaaz1114 

https://advances.sciencemag.org/content/6/18/eaaz1114 

Sustainable structural 

materials with light weight, 

great thermal dimensional 

stability, and superb 

mechanical properties are 

vitally important for 

engineering application, 

but the intrinsic conflict 

among some material 

properties (e.g., strength 

and toughness) makes it 

https://advances.sciencemag.org/content/6/18/eaaz1114
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challenging to realize these performance indexes at the same time under wide 

service conditions. Here, we report a robust and feasible strategy to process 

cellulose nanofiber (CNF) into a high-performance sustainable bulk structural 

material with low density, excellent strength and toughness, and great thermal 

dimensional stability. The obtained cellulose nanofiber plate (CNFP) has high 

specific strength [~198 MPa/(Mg m−3)], high specific impact toughness [~67 kJ 

m−2/(Mg m−3)], and low thermal expansion coefficient (<5 × 10−6 K−1), which shows 

distinct and superior properties to typical polymers, metals, and ceramics, making 

it a low-cost, high-performance, and environmental-friendly alternative for 

engineering requirement, especially for aerospace applications. 

 

Life cycle energy use and environmental implications of high-performance 

perovskite tandem solar cells 

Science Advances 31 Jul 2020:Vol. 6, no. 31, eabb0055 

https://advances.sciencemag.org/content/6/31/eabb0055 

A promising route to 

widespread deployment 

of photovoltaics is to 

harness inexpensive, 

highly-efficient tandems. 

We perform holistic life 

cycle assessments on the 

energy payback time, 

carbon footprint, and 

environmental impact 

scores for perovskite-silicon and perovskite-perovskite tandems benchmarked 

against state-of-the-art commercial silicon cells. The scalability of processing steps 

and materials in the manufacture and operation of tandems is considered. The 

resulting energy payback time and greenhouse gas emission factor of the all-

perovskite tandem configuration are 0.35 years and 10.7 g CO2-eq/kWh, 

respectively, compared to 1.52 years and 24.6 g CO2-eq/kWh for the silicon 

benchmark. Prolonging the lifetime provides a strong technological lever for 

reducing the carbon footprint such that the perovskite-silicon tandem can 

outcompete the current benchmark on energy and environmental performance. 

Perovskite-perovskite tandems with flexible and lightweight form factors further 

improve the energy and environmental performance by around 6% and thus 

enhance the potential for large-scale, sustainable deployment. 

 

https://advances.sciencemag.org/content/6/31/eabb0055
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Designing 3D-MoS2 Sponge as Excellent Cocatalysts in Advanced Oxidation 

Processes for Pollutant Control 

Angew. Chem. Int. Ed. 2020, 59, 2–11 

https://doi.org/10.1002/anie.202006059 

3D-MoS2 can adsorb 

organic molecules and 

provide multidimensional 

electron transport 

pathways, implying a 

potential application for 

environment remediation. 

Here, we study the 

degradation of aromatic 

organics in advanced 

oxidation processes (AOPs) 

by a 3D-MoS2 sponge 

loaded with MoS2 nanospheres and graphene oxide (GO). Exposed Mo4+ active sites 

on 3D-MoS2 can significantly improve the concentration and stability of Fe2+ in AOPs 

and keep the Fe3+/Fe2+ in a stable dynamic cycle, thus effectively promoting the 

activation of H2O2/peroxymonosulfate (PMS). The degradation rate of organic 

pollutants in the 3D-MoS2 system is about 50 times higher than without cocatalyst. 

After a 140 L pilot-scale experiment, it still maintains high efficiency and stable AOPs 

activity. After 16 days of continuous reaction, the 3D-MoS2 achieves a degradation 

rate of 120 mg L−1 antibiotic wastewater up to 97.87 %. The operating cost of 

treating a ton of wastewater is only US$ 0.33, suggesting huge industrial 

applications. 

 

Amphiphilic calcium alginate carbon aerogels: Broad-spectrum adsorbents for 

ionic and solvent dyes with multiple functions for decolorized oil–water 

separation 

ACS Sustainable Chem. Eng., 03 Aug 2020 

https://doi.org/10.1021/acssuschemeng.0c00129 

Development of versatile, broad-spectrum adsorbents for the removal of diverse 

dyes from contaminated water and oil is highly desirable. In this study, a calcium 

alginate carbon aerogel (CCA) as an adsorbent for various types of dyes was 

fabricated from sodium alginate by wet spinning, cross-linking, drying, and high-

temperature carbonization. The CCA carbonized at 1000°C (CCA-1000) showed a 

good adsorption effect on methylene blue as a cationic dye, methyl orange as an 

https://doi.org/10.1002/anie.202006059
https://doi.org/10.1021/acssuschemeng.0c00129
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anionic dye, oil red O as a solvent dye, and nine other dyes. Adsorption kinetics, 

adsorption effect of various parameters such as temperature and solution pH, 

regeneration performance, and adsorption mechanism were studied. The ultrahigh 

adsorption capacities of CCA-1000 for malachite green, crystal violet, and acid 

fuchsin, each with similar triphenylmethane structures, were determined to be 

7059, 2390, and 6964 mg g−1, respectively. Interestingly, unlike previously reported 

carbon aerogels with simple oil–water separation, due to the amphiphilicity, CCA-

1000 fabricated herein can be utilized to separate oil–water, surfactant-stabilized 

water-in-oil, and oil-in-water emulsions with simultaneous dye removal from water 

and oil. The present work may open up a new avenue for designing carbon aerogels 

with exceptional performance for broad-spectrum dye adsorption and oil–water 

separation from sustainable natural seaweed resources. 
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主編的話 

綠色化學發展目標之一是解決面臨的問題，解決問題是需要扎實的基礎科學，

以及實際參與，才能真正建立合乎永續目標的技術和產品。台南官田區是全國最

大的菱角產地，卻也因為剝菱殼的過程產出相當大量的菱角殼，初期我對菱角殼

性質的了解很少，真正接觸後才知道菱角殼不但質地堅硬、形狀不規則，更麻煩

的是菱角殼腐熟速度非常慢，約要(1~2)年左右的時程才會完全分解。就產地的農

民而言，最簡易的方式即是就地燃燒處理，這反而造成更多的空汙及環境問題。

廢棄菱角殼確實是官田區一直存在的問題，直到當時的顏能通區長上任後，才開

始認真地規劃菱殼炭的處理方法。而我就在五年前一次偶然的美麗錯誤，受到顏

區長的邀請踏入台南官田區參觀當地的碳化設備，當時在沒有研究補助經費的狀

況下，初期炭化爐實在非常簡陋，想要製造出良好的菱殼炭是被認為不可能的任

務。 

然而藉由實地的參與和了解，也使自己對

菱角殼的組成和特性有不一樣的看法，仔細評

估其組成中含有高量之木質素，是可以轉成碳

的重要組成，再者菱角殼不規則的外型，反而

可以堆積成高透氧的狀態，使燃燒時不易發生

悶燒的現象。這些發現和新構想的產生，都是

因為實際接觸才能體會到的。值得一提的是，

因為初期研究並沒有任何政府部門補助此開發

案，所以只能選擇以最簡易的”上方點火法”原

理建構的碳化爐（如右圖）。雖然燒菱角殼製炭

並不是一件困難的工作，但是如何能避免燒製

過程中產生大量的煙，減少戴奧辛、焦油的生

成，以及提高菱殼炭產率，卻是需要大量的實

際測試結果。流體力學理論和溫度量測器，雖有助於增快碳化爐的改善的效率，

我仍是要耗費近一年半的時間才真正建立出完善的碳化爐。完全不同於小量的實

國立成功大學化學系  林弘萍 
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驗室規模的實驗，因為一旦沒有高再現性或是產品品質有問題，都無法形成永續

產業的基礎。這段研究期間是個人相當寶貴的現地學習過程和研究經驗。很幸運

地，此套碳化爐製造的菱殼炭經過在戴奧辛、焦油、重金屬含量、比表面積等性

質之檢驗，皆有合乎國際生物炭的標準，才能安心地使用在農業土壤改良，和開

發高質的民生用品。目前菱殼炭團隊仍然持續在努力開發更多高質的商品，也唯

有能建立自給自足的經濟來源，才能成為永續產業。 

    其實研究科學或是解決問題，經費的多寡或許並不是重要的決定因素，而是

研究團隊的領導者是否能有堅持，成員是否肯互相合作和集思廣益，才是真正能

達到目標的關鍵。筆者應該是很幸運的人，才有此機會貢獻自己所學於官田菱角

殼循環經濟。要建立一個從無到有的農業廢棄物之循環經濟，是一漫長的研發和

商化的路程，身為菱殼炭產品研發的主導者，我仍持續秉持著綠色化學的準則，

努力開發更多的高質化菱殼炭商品，也希望讀者們能夠購買菱殼炭(官田烏金)之

相關產品，不是出自同情而是源自於認同循環經濟產品對環境友善的本質，以及

有科學根據的優良產品，才是支持菱殼炭綠色化學產業延續的動力。最後感謝官

田菱殼炭研發團隊的所有成員的努力。 
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Webinars 

Here Comes the Sun-Advances in Solar Power 

November 17, 2020 @ 13:00 pm - 14:00 pm ET 

https://www.acs.org/content/acs/en/acs-webinars.html 

Starting a company: Where do you get funding? 

December 1, 2020 @ 14:00 pm - 15:00 pm ET  

https://www.acs.org/content/acs/en/acs-webinars.html 

  

Conferences 

Frontiers in Green Materials, London-Institution of Civil Engineers (ICE) 

December 14, 2020, online 

https://www.acs.org/content/acs/en/meetings/greenchemistryconferences.html 

 25th Annual Green Chemistry & Engineering Conference 

“The theme for the 2021 conference is “Sustainable Production to Advance the 

Circular Economy”. The Green Chemistry & Engineering (GC&E) Conference, hosted 

by the American Chemical Society’s Green Chemistry Institute, has been a meeting 

ground for advancing sustainable science and solutions since 1997.” 

June 14-16, 2021, Reston, VA, USA 

https://www.gcande.org/about/future-conferences/  

26th IUPAC INTERNATIONAL CONFERENCE ON CHEMISTRY EDUCATION (ICCE 2020) 

July 13-17, 2021, Cape Town, South Africa 

https://iupac.org/event/chemistry-education-icce-2020/ 

ACS Fall 2021  

August 22, 2021, online/Atlanta, GA 

https://www.acs.org/content/acs/en/meetings/greenchemistryconferences.html 

 

 

 

https://www.acs.org/content/acs/en/acs-webinars.html
https://www.gcande.org/about/future-conferences/
https://iupac.org/event/chemistry-education-icce-2020/
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News 

Coating plastics by porous nanofilm - New 

method for creating metal-organic framework 

thin films  

 A research team has developed a new 

method for creating metal-organic framework 

(MOF) thin films that can be applied to sensors 

and electric devices. Like sponges, porous 

materials contain pores. The pore size affects 

the property of the material. For example, small pores create more absorbent surface 

areas. Silica gel, which is often used in food packaging to soak up moisture, is one 

typical example.  

https://www.chemeurope.com/en/news/1168614/coating-plastics-by-porous-

nanofilm.html 

 

Bioinspired material to oust plastics- Tough, strong and heat-endure  

Modern life relies closely on plastics, even 

though the petroleum-based production 

creates serious environmental challenges. 

The industry opts out to use sustainable 

materials due to their limited mechanical 

properties or complex manufacturing 

processes. An advanced strategy to design 

and produce high-performance sustainable  

structural materials is of great need. 

https://www.chemeurope.com/en/news/1168612/bioinspired-material-to-oust-

plastics.htm  

 

Tips for making nanographene - A new and efficient 

way to create nanographene for power and display 

devices 

 Nanographene is a material that is anticipated to 

radically improve solar cells, fuel cells, LEDs and 

more. Typically the synthesis of this material has 

been imprecise and difficult to control. For the first 

time, researchers have discovered a simple way to gain precise control over the 

fabrication of nanographene. In doing so, they have shed light on the previously 

unclear chemical processes involved in nanographene production.  



 

 

7 

7 

https://www.chemeurope.com/en/news/1168627/tips-for-making-

nanographene.html 

 

Luminous Molecules - Researchers develop complex dye molecules in three simple 

steps    

Many people know the effect from 

discos when “black light” makes clothes 

or writing boards glow. The reason for 

this are so-called fluorescent dyes. They 

send back part of the light they are 

exposed to in a slightly different way and 

thus glow. Particularly large fluorescent 

molecules are often interesting for 

research and industrial applications. 

Scientists from the Institute of Organic Chemistry at Technische Universität 

Braunschweig have succeeded in producing complex fluorophores and dyes in the near 

infrared range – in three simple steps.   

https://www.chemeurope.com/en/news/1168624/luminous-molecules.html 

 

Improving high-energy lithium-ion batteries with carbon filler - Conductive carbon 

fillers in lithium-ion batteries allow high power output with reversible energy storage       

Lithium-ion batteries are the 

major rechargeable power 

source for many portable 

devices as well as electric 

vehicles, but their use is 

limited, because they do not 

provide high power output 

while simultaneously 

allowing reversible energy 

storage. Research reported in Applied Physics Reviews, by AIP Publishing, aims to offer 

a solution by showing how the inclusion of conductive fillers improves battery 

performance.  https://www.chemeurope.com/en/news/1168658/improving-high-

energy-lithium-ion-batteries-with-carbon-filler.html  

 

 

Wastewater Treatment Using Sunlight - Ozone as a Reaction Partner  
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Chemists at the Leibniz Institute for Catalysis 

in Rostock discovered the molecular 

mechanism of a photocatalyst that completely 

breaks down organic contaminants in 

wastewater with the help of sunlight. 

Worldwide, for example, more and more 

residues of drugs such as anti-inflammatory 

drugs, antibiotics or contraceptives are 

entering treatment systems where they are difficult to remove. Laboratories are 

increasingly working on photocatalytic solutions, but knowledge of the active 

principles is incomplete. Researchers around Angelika Brückner and Jabor Rabeah at 

LIKAT have therefore observed photocatalysts live at work, so to speak, and have 

explained the basics of how they work.  

https://www.chemeurope.com/en/news/1168584/wastewater-treatment-using-

sunlight.html  

 

Room Temperature Conversion of CO₂ to CO: A New Way to Synthesize Hydrocarbons 

- New method could potentially reduce dioxide emission into the atmosphere and 

slash costs of chemical manufacturing  

 Researchers at the National Institute of 

Standards and Technology (NIST) and their 

colleagues have demonstrated a room- 

temperature method that could significantly 

reduce carbon dioxide levels in fossil-fuel 

power plant exhaust, one of the main 

sources of carbon emissions in the 

atmosphere.  

https://www.chemeurope.com/en/news/1168496/room-temperature-conversion-of-

co-to-co-a-new-way-to-synthesize-hydrocarbons.html 

 

New high proton conductors with inherently 

oxygen deficient layers open sustainable future 

  Over the past few years, fuel cells have become 

a focal point of research in eco-friendly technology 

because of their superior abilities to store and 

produce renewable energy and clean fuel. A 

typical type of fuel cell gaining ground is the 

proton-conducting fuel cell, which is primarily made of materials through which 

https://www.chemeurope.com/en/news/1168496/room-temperature-conversion-of-co-to-co-a-new-way-to-synthesize-hydrocarbons.html
https://www.chemeurope.com/en/news/1168496/room-temperature-conversion-of-co-to-co-a-new-way-to-synthesize-hydrocarbons.html
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hydrogen ions (protons: H+), can easily move. Proton-conducting materials provide a 

number of advantages over commonly used fuel cells that comprise oxide-ion 

conductors for electrolytes, such as higher conductivity at low and intermediate 

temperatures, longer lifetimes, and lower costs. 

https://www.chemeurope.com/en/news/1167075/new-high-proton-conductors-

with-inherently-oxygen-deficient-layers-open-sustainable-future.html 

 

Reviews and Papers 

Green Perspectives 

Terrestrial radiative cooling: Using the cold universe as a renewable and sustainable 

energy source 

Science 13 Nov 2020: Vol. 370, Issue 6518, pp. 786-791 

https://science.sciencemag.org/content/370/6518/786 

Photonic materials 

designed at wavelength 

scales have enabled a range 

of emerging energy 

technologies, from solid-

state lighting to efficient 

photovoltaics that have 

transformed global energy 

landscapes. Daytime passive 

radiative cooling materials 

shed heat from the ground to 

the cold universe by taking 

advantage of the terrestrial 

thermal radiation that is as 

large as the renewable solar 

energy. Newly developed 

photonic materials permit 

subambient cooling under direct sunshine, and their applications are expanding 

rapidly enabled by scalable manufacturing. We review here the recent advancement 

of daytime subambient radiative cooling materials, which allow energy-efficient 

cooling and are paving the way toward technologies that harvest the coldness from 

the universe as a new renewable energy source. 

 

Recent advances in eco-friendly and cost-effective materials towards sustainable 

https://www.chemeurope.com/en/news/1167075/new-high-proton-conductors-with-inherently-oxygen-deficient-layers-open-sustainable-future.html
https://www.chemeurope.com/en/news/1167075/new-high-proton-conductors-with-inherently-oxygen-deficient-layers-open-sustainable-future.html
https://science.sciencemag.org/content/370/6518/786
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dye-sensitized solar cells  

Green Chem., 2020, 22, 7168-7218 

  https://doi.org/10.1039/D0GC01148G 

Dye-sensitized solar cells  

(DSSCs), as emerging 

photovoltaic technology, have 

been thoroughly and 

extensively investigated in the 

last three decades. Since their 

first appearance in 1991, 

DSSCs have gained increasing 

attention and have been 

classified as feasible 

alternatives to conventional 

photovoltaic devices due to 

their numerous advantages, 

such as cheap and simple preparation methods, the possibility of being integrated in 

buildings and astonishing performances under indoor and diffuse illumination 

conditions. Photoconversion efficiencies of up to 14% and 8% have been obtained for 

lab-scale devices and modules, respectively. Albeit the efforts made, these values 

seem arduous to be outdone, at least under simulated solar radiation. Nevertheless, 

recent lab-scale systems have demonstrated photoconversion efficiencies of up to 33% 

under indoor illumination (i.e. 1000 lux) leading to an actual Renaissance (or Revival) 

of these devices. It is worth mentioning that scientists in this field are developing 

innovative materials aiming at long-term and efficient devices, being the concept of 

sustainability often set apart. However, in light of effective commercialization of this 

technology, stability, efficiency and sustainability should be considered as the essential 

keywords. Nowadays, DSSCs are finding a “new way back” towards sustainability and 

rather a huge number of reports have focused on the preparation of green and cost-

effective materials to replace the standard ones. In this scenario, the present review 

aims to give an overview of the most adopted strategies to enhance the sustainability 

of materials in classical DSSC components (e.g. sensitizer, redox couple, electrolyte and 

counter-electrode), including smart synthesis and deposition procedures, which 

currently represent utmost important topics in the scientific community. 

 

 

Eco-Friendly Polymer Solar Cells: Advances in Green-Solvent Processing and Material 

Design 

https://doi.org/10.1039/D0GC01148G
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ACS Nano 2020, XXXX, XXX, XXX-XXX. Publication Date: October 26, 2020 

https://doi.org/10.1021/acsnano.0c07488 

Despite the recent 

breakthroughs of polymer solar 

cells (PSCs) exhibiting a power 

conversion efficiency of over 17%, 

toxic and hazardous organic 

solvents such as chloroform and 

chlorobenzene are still commonly 

used in their fabrication, which impedes the practical application of PSCs. Thus, the 

development of eco-friendly processing methods suitable for industrial-scale 

production is now considered an imperative research focus. This Review provides a 

roadmap for the design of efficient photoactive materials that are compatible with 

non-halogenated green solvents (e.g., xylenes, toluene, and tetrahydrofuran). We 

summarize the recent development of green processing solvents and the processing 

methods to match with the efficient photoactive materials used in non-fullerene solar 

cells. We further review progress in the use of more eco-friendly solvents (i.e., water 

or alcohol) for achieving truly sustainable and eco-friendly PSC fabrication. For 

example, the concept of water- or alcohol-dispersed nanoparticles made of conjugated 

materials is introduced. Also, recent important progress and strategies to develop 

water/alcohol-soluble photoactive materials that completely eliminate the use of 

conventional toxic solvents are discussed. Finally, we provide our perspectives on the 

challenges facing the current green processing methods and materials, such as large-

area coating techniques and long-term stability. We believe this Review will inform the 

development of PSCs that are truly clean and renewable energy sources. 

 

Photocarboxylation with CO2: an appealing and 

sustainable strategy for CO2 fixation  

Green Chem., 2020, 22, 7301-7320 

https://doi.org/10.1039/D0GC02743J 

With the increasing awareness of sustainable 

chemistry and green chemistry, photochemical 

CO2 fixation has drawn more and more attention 

in response to the need for renewable C1 

resources and inexhaustible clean energy 

resources. It is appealing to provide carboxylic 

acids and derivatives using CO2 as a renewable feedstock, which is widely used in the 

manufacture of pharmaceuticals, pesticides, dyes and other fine chemicals. Classifying 

https://doi.org/10.1021/acsnano.0c07488
https://doi.org/10.1039/D0GC02743J
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them by the types of reaction sites, this review presents an overview of the recent 

advances and achievements in the photocarboxylation of C(sp3)–X (X = H, N) bonds, 

C(sp2)–X (X = H, N, (pseudo)halide) bonds and C(sp)–H bonds with CO2, with an 

emphasis on the mechanistic aspects of the reactions and a perspective on their future 

prospects, hopefully stimulating the further research and development of this 

appealing field. 

 

Circular Economy 

Valorisation of used lithium-ion batteries into nanostructured catalysts for green 

hydrogen from boranes 

Mater. Adv., 2020, 1, 2279-2285 

https://doi.org/10.1039/D0MA00372G 

Cobalt-based Li-ion  

batteries are produced 

globally on a massive scale, 

but most are discarded to 

landfill at the end of their 

useful lifetime. In this work, 

an efficient cobalt catalyst 

for the hydrolysis of sodium 

borohydride to dihydrogen was prepared from lithium ion battery waste, providing a 

second life for valuable minerals. This material is composed of a mixed metal cobalt–

aluminium oxide supported on graphene, as elucidated by a combined FTIR, Raman, 

SEM, scanning transmission electron microscopy with electron energy loss 

spectroscopy (STEM-EELS) and energy-dispersive X-ray spectroscopy (EDS) study. The 

obtained metal oxide material, which exhibits an average oxidation state for Co of 2.45, 

is a languid catalyst at room temperature, but rapid hydrogen production of up to 49 

L(H2) min−1 g−1(Co) was observed in catalytic runs heated to 70°C. This carbon-

supported cobalt catalyst is competitive with designed cobalt nanostructured catalysts 

prepared from pure precursors. This work is illustrative of the opportunities which 

arise when e-waste is utilised as a mineral resource within the scope of a circular 

economy. 

 

Recycling Strategy for Bio-aqueous Phase via Catalytic Wet Air Oxidation to Biobased 

Acetic Acid Solution 

ACS Sustainable Chem. Eng. 2020, 8, 39, 14694–14699 

https://doi.org/10.1021/acssuschemeng.0c05946 

https://doi.org/10.1039/D0MA00372G
https://doi.org/10.1021/acssuschemeng.0c05946
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The bioaqueous phase 

generated during biomass 

conversion to biofuel and 

biochemicals, e.g., fast pyrolysis 

and ex situ catalytic pyrolysis, 

contains a large number of 

organics, leading to a high 

chemical oxygen demand (COD) 

for its treatment. In this study, 

we demonstrate its catalytic conversion to bioacetic acid solution and propose a 

recycling strategy thereof. We found that the diluted bioaqueous phase (e.g., C content 

<0.5 wt %) can be selectively (>90%) converted to acetic acid with nondetectable 

impurities in solution. The solution contains 1.3–1.5 wt % acetic acid and can be 

directly used for demineralization of biomass in the biorefineries. This recycling 

strategy enhances the sustainability of the biobased economy and sheds light on 

production of biobased acetic acid, which has been recognized as a smart drop-in 

chemical. 

 

Sustainable and Facile Process for Lithium Recovery from Spent LiNixCoyMnzO2 

Cathode Materials via Selective Sulfation with Ammonium Sulfate 

ACS Sustainable Chem. Eng. 2020, 8, 41, 15732–15739 

https://doi.org/10.1021/acssuschemeng.0c05676 

Lithium recovery from spent lithium-ion batteries (LIBs) becomes increasingly 

important due to the shortage of lithium resources. The difference in the stability for 

metal sulfates enlightened us to preferentially extract lithium from spent Ni–Co–Mn 

ternary (NCM) material through selective sulfation and simple water leaching. The 

effect of important variables on the metals’ leaching efficiency was systematically 

investigated. Additionally, combined thermodynamic analysis and characterizations 

were used to investigate the conversion mechanism in the sulfation roasting process. 

https://doi.org/10.1021/acssuschemeng.0c05676
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After roasting with (NH4)2SO4 at 650°C, LiNixCoyMnzO2 is completely decomposed and 

converted into Li2SO4, NiO, Co3O4, and LiMn2O4. Over 90% of lithium can be selectively 

water leached at ambient temperature in only 0.5 h, and then battery-grade Li2CO3 

(purity>99.90%) can be successfully prepared without prior concentration and 

purification processes. Furthermore, sulfation roasting also promotes the extraction 

of Co and Ni in the following acid leaching process. Finally, a closed-loop and green 

process was presented for recycling spent NCM materials. Our work represents an 

environmentally friendly and economically feasible approach, which has great 

prospect for the industrial-scale recycling of spent LIBs. The finding may also have 

general implications in the recycling of multiple metals containing hazardous materials. 

 

Green chemistry and the plastic pollution challenge: towards a circular economy 

Green Chem., 2020, 22, 6310-6322 

  https://doi.org/10.1039/D0GC02630A 

The linear economy for plastic packaging, which currently leads to excessive carbon 

dioxide emissions and leakage into the environment, needs to be reformed to a 

greener circular model which is resource efficient and environmentally benign. This 

requires a system-wide redesigning of rules and incentives that apply to the plastics 

value chain, from product design to recycling and end-of-life options. This article 

identifies areas where green chemistry can contribute. Substituting plastics derived 

from fossil resources, with bio-based alternatives from renewable resources can 

reduce emissions of greenhouse gases, produce plastics that are easier to recycle to 

the virgin polymer and, at the end of their useful life, biodegrade in the environment. 

The underpinning chemo- and biocatalytic technologies for the production and 

https://doi.org/10.1039/D0GC02630A
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recycling of plastics are reviewed and priorities suggested for future development. 

 

Water Treatment 

Electroless Production of Fertilizer (Struvite) and Hydrogen from Synthetic 

Agricultural Wastewaters 

  J. Am. Chem. Soc. 2020, 142, 44, 18844–18858 

https://doi.org/10.1021/jacs.0c07916 

The drive toward sustainable 

phosphorus (P) recovery from 

agricultural and municipal 

wastewater streams has 

intensified. However, 

combining P recovery with 

energy conservation is perhaps 

one of the greatest challenges 

of this century. In this study, we report for the first time the simultaneous electroless 

production of struvite and dihydrogen from aqueous ammonium dihydrogen 

phosphate (NH4H2PO4) solutions in contact with either a pure magnesium (Mg) or a 

Mg alloy as the anode and 316 stainless steel (SS) as the cathode placed in a bench-

scale electrochemical reactor. During the electroless process (i.e., in the absence of 

external electrical power), the open circuit potential (OCP), the formation of struvite 

on the anode, and the generation of dihydrogen at the cathode were monitored. We 

found that struvite is formed, and that struvite crystal structure/morphology and 

precipitate film thickness are affected by the concentration of the HnPO4n–3/NH4
+ in 

solution and the composition of the anode. The pure Mg anode produced a porous 

0.6–4.1 μm thick film, while the AZ31 Mg alloy produced a more compact 1.7–9.9 μm 

thick struvite film. Kinetic analyses revealed that Mg dissolution to Mg2+ followed 

mostly a zero-order kinetic rate law for both Mg anode materials, and the rate 

constants (k) depended upon the struvite layer morphology. Fourier-transform 

infrared spectrometry, X-ray diffraction, and scanning electron microscopy indicated 

that the synthesized struvite was of high quality. The dihydrogen and Mg2+ in solution 

were detected by a gas chromatography–thermal conductivity detector and ion 

chromatography, respectively. Furthermore, we fully demonstrate that the reactor was 

able to remove ∼73% of the HnPO4n–3 present in a natural poultry wastewater as 

mainly struvite. This study highlights the feasibility of simultaneously producing 

struvite and dihydrogen from wastewater effluents with no energy input in a green 

and sustainable approach. 

 

http://orcid.org/0000-0002-2544-8261
http://orcid.org/0000-0002-2544-8261
https://doi.org/10.1021/jacs.0c07916
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Multiuse Al-MOF Chemosensors for Visual Detection and Removal of Mercury Ions 

in Water and Skin-Whitening Cosmetics 

  ACS Sustainable Chem. Eng. 2020, 8, 40, 15097–15107 

https://doi.org/10.1021/acssuschemeng.0c03592 

Water and cosmetics 

containing mercury can 

cause damage to the 

skin and body. There is a 

great need for in situ 

monitoring and removal 

of mercury ion 

concentrations with a 

highly selective, 

sensitive, accurate, rapid, and simple protocol in water and skin-whitening cosmetic 

products. In situ recognition is an easy and inexpensive approach for recognition and 

uptake of Hg2+ ions in skin-lightening cosmetics and water. Our system is based on the 

fabrication of a sticklike structure of the newly developed metal–organic framework 

(MOF) via a solvothermal protocol. The rodlike structure of the Al-MOF has a 

tremendously high surface area which is a powering point that supported it as a 

microporous substrate for loading a Hg2+ ion chromophore (bis(4-

(dimethylamino)phenyl)methanethione). The thioketone derivative chromophore 

based on an Al-MOF microporous carrier allows visual monitoring of toxic mercury in 

a few seconds. The proposed chemosensors have a color change from yellow to a 

green color that is extremely noticeable by the naked eye. Our designated 

chemosensors sensitivity (0.8 ppb) toward mercury ions was found to be lower than 

the WHO permissible drinking water limits which made it a good choice for in situ 

pretests of drinking water. Moreover, superior adsorption characteristics of the 

fabricated thioketone Al-MOF (TAM) nanorods as adsorbent were achieved. A high 

adsorption capacity was observed (1110 mg/g) in solution for capturing of mercury 

ions. Our developed protocol is built on the use of a small amount of prepared optical 

chemosensors, about 20 mg, for all measurements and the potential for multiple uses 

after a simple regeneration process. Our results revealed that the designed TAM 

nanorods would be a promising means of visualizing mercury ions in water and 

cosmetics products. 

 

 

EDTA-Inspired Polydentate Hydrogels with Exceptionally High Heavy Metal 

Adsorption Capacity as Reusable Adsorbents for Wastewater Purification 

http://orcid.org/0000-0002-2544-8261
http://orcid.org/0000-0002-2544-8261
https://doi.org/10.1021/acssuschemeng.0c03592
http://orcid.org/0000-0002-2544-8261
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  ACS Appl. Mater. Interfaces 2020, 12, 22, 25276–25285 

https://doi.org/10.1021/acsami.0c03689 

Water pollution by heavy 

metal ions is a critical threat to 

public health. To remove the 

heavy metal pollutants from 

large waterbodies, we have 

synthesized a biocompatible, 

cost-effective, metal ion non-

specific, and 

ethylenediaminetetraacetic acid (EDTA)-inspired polydentate hydrogel with 

exceptionally high adsorption capacity and reusability. The hydrogel was synthesized 

by the transamidation reaction between hydrolyzed polyacrylamide and branched 

polyethylenimine (BPEI). The mechanical strength of the synthesized hydrogel 

displayed an increasing trend with the wt % of the cross-linker (BPEI) and achieved a 

maximum storage modulus (Gmax) of 1093 Pa. Scanning electron microscopy revealed 

a porous network structure of the hydrogel (pore size: 30–70 μm), resulting in a 

very high swelling ratio of 5800%. The porous hydrogel manifested the maximum 

adsorption capacity of 482.2 mg/g when adsorbing from a mixture of metal ions (Cr3+, 

Cu2+, Zn2+, Cd2+, Hg2+, and Pb2+), higher than any EDTA-grafted material known to date. 

The high adsorption capacity of the hydrogel was attributed to the existence of 

numerous EDTA-mimicking coordinating functional groups, as confirmed by X-ray 

photoelectron spectroscopy. In addition, the hydrogel showed the self-healing 

property and preserved more than 85% adsorption efficiency even after five cycles of 

reuse. Furthermore, the hydrogels showed no or moderate toxicity toward 

mammalian cells. 

 

Hybrid Nanoporous Materials Derived from Ladder- and Cage-Type Silsesquioxanes 

for Water Treatment 

  ACS Appl. Nano Mater. 2020,    

3, 2, 1535–1541 

https://doi.org/10.1021/acsanm.9b02325 

The effective and highly selective aerobic oxidation of sulfides to sulfoxides under 

https://doi.org/10.1021/acsami.0c03689
http://orcid.org/0000-0002-2544-8261
http://orcid.org/0000-0002-2544-8261
https://doi.org/10.1021/acsanm.9b02325
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green and mild conditions is still an important but challenging process. Here we 

present a photocatalytic system for sulfide oxidation to sulfoxides with high yields 

under blue LED irradiation. The photo-oxidation was carried out in water with oxygen 

over a bismuth-rich catalyst of Bi4O5Br2. The apparent quantum efficiency of sulfide 

oxidation reached 57.4%. The developed system provided a simple, robust, green and 

sustainable promising candidate for the practical application of sulfide oxidation. 

 

C02 Fixation 

Visible-Light Photocatalytic Conversion of Carbon Dioxide by Ni(II) Complexes with 

N4S2 Coordination: Highly Efficient and Selective Production of Formate 

J. Am. Chem. Soc. 2020, 142, 45, 19142–19149 

https://doi.org/10.1021/jacs.0c08145 

Renewable energy-driven 

methanol synthesis from CO2 

and green hydrogen is a 

viable and key process in both 

the “methanol economy” and 

“liquid sunshine” visions. 

Recently, In2O3-based 

catalysts have shown great 

promise in overcoming the disadvantages of traditional Cu-based catalysts. Here, we 

report a successful case of theory-guided rational design of a much higher 

performance In2O3 nanocatalyst. Density functional theory calculations of CO2 

hydrogenation pathways over stable facets of cubic and hexagonal In2O3 predict the 

hexagonal In2O3(104) surface to have far superior catalytic performance. This 

promotes the synthesis and evaluation of In2O3 in pure phases with different 

morphologies. Confirming our theoretical prediction, a novel hexagonal In2O3 

nanomaterial with high proportion of the exposed {104} surface exhibits the highest 

activity and methanol selectivity with high catalytic stability. The synergy between 

theory and experiment proves highly effective in the rational design and experimental 

realization of oxide catalysts for industry-relevant reactions. 

 

Highly Selective Hydrogenation of CO2 to Ethanol via Designed Bifunctional Ir1–In2O3 

Single-Atom Catalyst 

J. Am. Chem. Soc. 2020, 142, 45, 19001–19005 

https://doi.org/10.1021/jacs.0c08607 

https://doi.org/10.1021/jacs.0c08145
https://doi.org/10.1021/jacs.0c08607
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Simultaneously 

improving energy 

efficiency (EE) and 

material stability in 

electrochemical 

CO2 conversion remains 

an unsolved challenge. 

Among a series of ternary 

Sn-Ti-O electrocatalysts, 3D ordered mesoporous (3DOM) Sn0.3Ti0.7O2 achieves a trade-

off between active-site exposure and structural stability, demonstrating up to 71.5 % 

half-cell EE over 200 hours, and a 94.5 % Faradaic efficiency for CO at an overpotential 

as low as 430 mV. DFT and X-ray absorption fine structure analyses reveal an electron 

density reconfiguration in the Sn-Ti-O system. A downshift of the orbital band center 

of Sn and a charge depletion of Ti collectively facilitate the dissociative adsorption of 

the desired intermediate COOH* for CO formation. It is also beneficial in maintaining 

a local alkaline environment to suppress H2 and formate formation, and in stabilizing 

oxygen atoms to prolong durability. These findings provide a new strategy in materials 

design for efficient CO2 conversion and beyond. 

 

Ultrastable Dioxin-Linked Metallophthalocyanine Covalent Organic Frameworks as 

Photo-Coupled Electrocatalysts for CO2 Reduction 

Angew. Chem. Int. Ed. 10.1002/anie.202011722 

https://doi.org/10.1002/anie.202011722 

In this work, we rationally 

designed a series of 

crystalline and stable dioxin-

linked 

metallophthalocyanine 

covalent organic 

frameworks (MPc-TFPN COF, 

M = Ni, Co, Zn) under the 

guidance of reticular 

chemistry. As a novel single-

site catalysts (SSCs), 

NiPc/CoPc-TFPN COF exhibited outstanding activity and selectivity for electrocatalytic 

CO2 reduction (ECR) (Faradaic efficiency of CO (FECO) = 99.8(± 1.24) % / 96.1(± 1.25) % 

for NiPc/CoPc-TFPN COF). More importantly, when coupled with light, the FECO and 

current density (jCO) were further improved at all applied potential range (-0.6 to -1.2 

https://doi.org/10.1002/anie.202011722
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V vs. RHE) compared to the dark environment for NiPc-TFPN COF (jCO increased from 

14.1 to 17.5 A g-1 at -0.9 V; FECO reached up to ~100% at -0.8 to -0.9 V). Furthermore, 

an in-depth mechanism study was established by density functional theory (DFT) 

simulation and experimental characterization. For the first time, this work explored 

the application of COFs as photo-coupled electrocatalysts to improve ECR efficiency, 

which showed the potential of using light-sensitive COFs in the field of electrocatalysis. 

 

Recent advances in the use of catalysts based on natural products for the conversion 

of CO2 into cyclic carbonates  

Green Chem., 2020, Advance Article 

https://doi.org/10.1039/D0GC01870H  

The cycloaddition 

of carbon dioxide to 

epoxides is an 

efficient and clean 

method to obtain 

cyclic carbonates, 

which are used as 

green solvents, as electrolytes for lithium batteries and as intermediates for the 

synthesis of polymers and chemicals. This reaction requires a catalyst to overcome the 

low reactivity of carbon dioxide. The best catalysts for this transformation include a 

Lewis acid or hydrogen-bond donor to activate the epoxide and a Lewis base as a 

nucleophile to open the ring of the oxirane cycle. The most commonly used catalysts 

are alkali halides, ammonium and phosphonium salts, which are organocatalysts 

containing hydrogen-bond donor groups and metal-based systems. To increase the 

sustainability and decrease the toxicity of the catalytic systems, many bio-based 

products derived from natural sources have been used as catalysts or in combination 

with catalytic materials. The high functionality of natural products that contain amino 

and/or hydroxyl groups is used to activate an epoxide or reversibly capture carbon 

dioxide when used directly. But these products can also behave as auxiliaries, for 

instance, as ligands in metal-based complexes, as biopolymer active supports for 

catalysts, as components for the skeleton of metal organic frameworks or to form ionic 

liquids or as deep eutectic solvents serving as an active medium for catalytic reactions. 

In this literature review, we present a structured overview of the reported chemical 

catalytic systems containing any component derived from a natural product. We 

discuss the amino acid-based systems, cellulose, saccharides, lignin and lignocellulosic 

materials, choline-derived species, guanidine and guanidinium salts, and other less 

explored compounds. Special emphasis has been placed on mechanistic studies 

https://doi.org/10.1039/D0GC01870H
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providing information about the role of each component in these multifunctional 

systems. 

 

Bio-based or Biodegradable Materials 

Biodegradable Gold Nanoclusters with Improved Excretion Due to pH-Triggered 

Hydrophobic-to-Hydrophilic Transition 

J. Am. Chem. Soc. 2020, 142, 17, 7783–7794 

https://doi.org/10.1021/jacs.9b13813 

Gold is a highly 

useful nanomaterial 

for many clinical 

applications, but its 

poor biodegradability 

can impair long-term 

physiological 

clearance. Large gold 

nanoparticles (∼10–

200 nm), such as those 

required for long blood 

circulation times and appreciable tumor localization, often exhibit little to no 

dissolution and excretion. This can be improved by incorporating small gold particles 

within a larger entity, but elimination may still be protracted due to incomplete 

dispersion of gold. The present study describes a novel gold nanoparticle formulation 

capable of environmentally triggered decomposition. Ultrasmall gold nanoparticles 

are coated with thiolated dextran, and hydrophobic acetal groups are installed through 

direct covalent modification of the dextran. This hydrophobic exterior allows gold to 

be densely packed within ∼150 nm polymeric micelles. Upon exposure to an acidic 

environment, the acetal groups are cleaved and the gold nanoparticles become highly 

water-soluble, leading to destabilization of the micelle. Within 24 h, the ultrasmall 

water-soluble gold particles are released from the micelle and readily dispersed. 

Micelle degradation and gold nanoparticle dispersion was imaged in cultured 

macrophages, and micelle-treated mice displayed progressive physiological clearance 

of gold, with >85% elimination from the liver over three months. These particles 

present a novel nanomaterial formulation and address a critical unresolved barrier for 

clinical translation of gold nanoparticles. 

 

Biocatalytic microgels (μ-Gelzymes): synthesis, concepts, and emerging applications 

Green Chem., 2020, Advance Article 

https://doi.org/10.1021/jacs.9b13813
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https://doi.org/10.1039/D0GC03229H 

Enzymes are nature's catalysts and have great potential for sustainable processes 

from renewable resources. The adaptation of enzymes to the requirements of 

industrial processes is a prerequisite to harness their benefits in large-scale 

transformations for the synthesis of fine chemicals, food products, and 

pharmaceuticals. Immobilisation of wild-type or engineered enzymes using natural 

and synthetic carriers has been extensively employed to improve catalytic 

performance, ensure recovery and reuse, and thereby promote their use in industrial 

processes. Over the past three decades, significant progress has been achieved in the 

design and application of immobilised enzymes. Microgels as containers for protein 

immobilisation are advancing into a promising alternative as reflected by a growing 

body of literature that documents their use in sustainable catalytic processes. 

Microgels are crosslinked submicron-sized colloidal polymer networks and in this 

review, we summarise the progress in the synthesis and applications of enzyme-loaded 

microgels (μ-Gelzymes). We start by exploring the different approaches used for 

enzyme immobilisation on or within microgels and give representative examples for 

the use of μ-Gelzymes in different applications. Subsequently, the potential of μ-

Gelzymes in achieving sustainable catalysis is discussed from a green chemistry 

perspective. Finally, we draw future directions for further improvement of biocatalytic 

μ-Gelzymes as an emerging interdisciplinary research field of interactive soft matter. 

 

High elasticity, chemically recyclable, thermoplastics from bio-based monomers: 

carbon dioxide, limonene oxide and ε-decalactone 

Green Chem., 2020, Advance Article 

https://doi.org/10.1039/D0GC02295K 

https://doi.org/10.1039/D0GC03229H
https://doi.org/10.1039/D0GC02295K
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One solution to 

problems with 

petroleum derived 

plastics is to design 

polymers for the 

circular economy. In 

this regard, polymer 

chemistries, like ester 

or carbonate linkages, 

which are closer to equilibrium are very promising but to use these materials requires 

improvements to their properties and methods of manufacture. Here, efficient 

polymerization catalyses are used to transform wastes and bio-sourced monomers 

into thermoplastics which combine high elasticity and strength and which can be 

degraded to allow for some chemical recycling. The plastics are prepared from carbon 

dioxide, limonene oxide (from waste citrus fruit peel) and ε-decalactone (from 

triglycerides). These monomers are polymerized, using catalyzed controlled 

polymerizations with high conversion efficiencies, to selectively form ABA block 

polymers (A = high Tg polycarbonate, B = low Tg polyester). The series of 5 

poly(limonene carbonate)-b-poly(ε-decalactone)- b-poly(limonene carbonate) (PLC-

PDL-PLC) samples allow for systematic variations in the overall molar masses (Mn = 

50–100 kg mol−1) and hard-block compositions (21–63 wt% PLC). All the polymers are 

fully characterized using a range of spectroscopies, gel permeation chromatography, 

thermal and tensile mechanical measurements. The leading plastic combines tensile 

strength (stress at break, σb = 21.2 MPa, Young's Modulus, Ey = 321 MPa) and high 

elasticity (elongation at break, εb = 400%) – an enhancement of more than 20× in 

elongation at break and tensile toughness over poly(limonene carbonate), overcoming 

the well-known brittleness and processing limitations of PLC. It undergoes selective, 

catalyzed depolymerization to limonene oxide, carbon dioxide and the precursor 

polyester providing a future chemical recycling and upcycling opportunity. 

 

High-Performance, Biobased, Degradable Polyurethane Thermoset and Its 

Application in Readily Recyclable Carbon Fiber Composites 

ACS Sustainable Chem. Eng. 2020, 8, 30, 11162–11170 

https://doi.org/10.1021/acssuschemeng.0c02330 

https://doi.org/10.1021/acssuschemeng.0c02330


 

 

24 

24 

Carbon fiber (CF) 

reinforced polyurethane 

(PU) composites have 

attracted increasing 

attention in recent 

years. It is still a 

challenge to recycle the 

CF reinforced 

composites, and there is 

no report on the recycling of CF from PU matrix. In this paper, for the first time, a 

readily recyclable CF reinforced PU composite was prepared based on a biobased 

acetal diol, 2-(4-hydroxy-3-methoxyphenyl)-1,3- dioxan-5-ol (HMDO). The acetal diol 

was synthesized from the lignin derivative vanillin and was used to react with 

hexamethylene diisocyanate trimer to prepare the PU thermoset (PU-HMDO). On 

account of the cleavable acetal groups, the PU-HMDO could be decomposed within 40 

min in low-concentration acidic solution completely. In addition, the heterocyclic 

structures of acetal and isocyanurate resulted in excellent mechanical and thermal 

properties of PU-HMDO. The tensile strength was 68 MPa, the elongation at break was 

7.9%, and the glass transition temperature (Tg) was 130°C, which are comparable to 

those of a PU thermoset (PU-BPA) from commercially available diol bisphenol A (BPA). 

The thermal stability of PU-HMDO was even higher than that of PU-BPA. The PU-

HMDO-based CF composite exhibited similar mechanical properties to the PU-BPA-

based CF composite, and CF could be reclaimed with maintained microscale 

morphology, chemical structures, and mechanical properties under mild acid 

conditions. This work will open a door to develop readily recyclable PU-based CF 

composites. 

 

Synthesis and Manufacture 

Novel Green Synthesis of Octenyl Succinic Anhydride Esters of Granular Starch 

ACS Sustainable Chem. Eng. 2020, 8, 44, 16503–16514 

https://doi.org/10.1021/acssuschemeng.0c05472 

Granular starch 

octenyl succinic 

anhydride (OSA) 

esters have most 

often been prepared 

in aqueous media, 

resulting in low 

https://doi.org/10.1021/acssuschemeng.0c05472
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reaction efficiencies and degree of substitution. In this study, granular maize and 

potato starch esters with OSA were synthesized in aqueous ionic liquid (IL) solutions at 

35°C for the first time. The reaction efficiency (RE) of starch esterification and the 

degree of substitution (DS) of granular OSA-maize starches prepared in a mixture of 

IL/water of 2:8 (w/w) were increased significantly by 35.3 and 35.6%, respectively. The 

pasting, textural, and emulsion properties of the OSA-starches were improved greatly. 

Our results showed that both the DS and the structural changes of starch following 

esterification determined the functional properties of OSA-starches and that OSA-

potato starches presented different functional properties compared with OSA-maize 

starches. Compared with other mass ratios of IL/water mixtures, the optimum RE and 

DS for both maize and potato starches were obtained with a 2:8 (w/w) IL/water 

mixture. The method developed in the present study provides a green and sustainable 

strategy for starch-OSA modification due to its improved reaction efficiency, reduced 

usage of IL, and retention of the granular morphology of the derivatized starches. 

 

Sustainable access to renewable N-containing chemicals from reductive amination 

of biomass-derived platform compounds  

Green Chem., 2020, 22, 6714-6747 

https://doi.org/10.1039/D0GC01869D 

Nitrogen-containing compounds are 

pivotal building blocks with extensive 

application in the manufacture of 

pharmaceuticals, polymer materials, 

agrochemicals and organic synthesis. The 

sustainable production of nitrogen-

containing compounds from renewable 

biomass derivatives has attracted much 

attention with particular interest on the 

reductive amination of bio-based platform 

molecules. Herein, an overview on the latest 

advances in the reductive amination of bio-based platform molecules is provided. 

Emphasis is primarily concentrated upon several renowned bio-based platform 

molecules, such as furfural, 5-hydroxymethylfurfural, levulinic acid and lignin model 

monomers. In addition, progress with state-of-the-art catalysts of different catalytic 

systems based on different reductants including gaseous H2, formic acid, NaBH4 and 

hydrosilane is systematically summarized and discussed. Moreover, structure–

reactivity relationships, reaction pathway/mechanism and durability as well as 

generality of catalysts are also highlighted. 

https://doi.org/10.1039/D0GC01869D
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One-Pot, Solvent- and Catalyst-Free Synthesis of Polyphosphoramide as an Eco-

Benign and Effective Flame Retardant for Poly(lactic acid) 

ACS Sustainable Chem. Eng. 2020, 8, 44, 16612–16623 

https://doi.org/10.1021/acssuschemeng.0c05931 

Despite many merits, 

biobased and 

biodegradable poly(lactic 

acid) (PLA) suffers from 

inherently high 

flammability, significantly 

impeding its practical 

applications in the areas of 

packaging, fibers, electric 

and electronics, etc. Phosphoramides-based flame retardants have demonstrated 

exceptional flame retardancy in PLA only at very low loading levels. Unfortunately, 

exiting synthetic processes of phosphoramides often involve the use of a huge amount 

of organic solvents, presenting a potential threat to the ecosystem and human beings, 

in addition to high production costs. Herein, we report a one-pot, solvent- and catalyst-

free, and green approach for the synthesis of a polyphosphoramide (DM-H) via two-

step polycondensation between dimethyl methylphosphonate (DMMP) and 1,6-

hexanediamine (HDA). As-synthesized DM-H exhibits exceptional flame-retardant 

efficiency in the PLA while preserving the mechanical properties of the PLA. The 

addition of only 2 wt % DM-H enables the PLA to achieve a desirable V-0 rating during 

vertical burning tests and a high limited oxygen index (LOI) value of 29.7%, because 

the DM-H can act both in the gas and condensed phases. Moreover, the tensile 

strength is of 59.7 MPa comparable to 62.1 MPa of the bulk PLA. This work offers an 

innovative and green approach for the synthesis of polyphosphoramides to create 

high-performance sustainable PLA materials with balanced flame retardancy and 

mechanical performances. 

 

A green route to polyurethanes: oxidative carbonylation of industrially relevant 

aromatic diamines by CO2-based methyl formate 

Green Chem., 2020, Advance Article 

https://doi.org/10.1039/D0GC02412K 

The oxidative carbonylation of toluene-2,4-diamine (TDA) with methyl formate (MF), 

which can be produced from CO2, provides a possible route for the non-phosgene 

production of isocyanate precursors and enables a valuable utilization of the 

https://doi.org/10.1021/acssuschemeng.0c05931
https://doi.org/10.1039/D0GC02412K
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greenhouse gas. Extensive analysis of the product spectrum has provided detailed 

insight into the reaction network leading to the target product toluene-2,4-

dicarbamate (TDC) and the most important side products. The most prominent one 

has been identified as methylene-bridged tetracarbamate 5, which is also an 

interesting precursor for applications in polyurethane chemistry. The side products are 

caused by three different reaction paths: N-formylation by MF, condensation with in 

situ formed formaldehyde, and N-methylation by in situ formed dimethyl carbonate 

(DMC). The influence of the catalyst on product distribution was evaluated for 

PdCl2/CuCl2 and a large number of heterogeneous Pd-catalysts. The oxidic support 

materials ZrO2, CeO2 and SiO2 were found to partially suppress the undesired side 

reactions leading to higher yields of TDC and tetracarbamate 5. The ratio of TDC to 5 

was demonstrated to be affected significantly by the choice of the support. The 

synthetic protocol was extended to the synthesis of dicarbamates from 4,4’-

methylenedianiline (MDA) and 2,4-diaminomesitylene (17). These results encourage 

further investigations into the design of selective catalysts for the production of 

isocyanate precursors from CO2 as a C1 source. 

 

Materials 

Green Fabrication of Control-Released, Washable, and Nonadhesives Aromatic-

Nanocapsules/Cotton Fabrics via Electrostatic-Adsorption/In Situ Immobilization 

ACS Sustainable Chem. Eng. 

2020, 8, 40, 15258–15267 
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https://doi.org/10.1021/acssuschemeng.0c05040 

Control-released aromatic- nanocapsules/cotton fabrics with good wash durability 

and long-lasting fragrance release capability have been fabricated without adhesives 

via electrostatic-adsorption and in situ immobilization methods. Quaternary 

ammonium cationic treatment provided the cotton fabrics with a positive charge 

surface to adsorb negatively charged aromatic nanocapsules with the core material of 

lavender essence and the wall material of epichlorohydrin modified cyclodextrin 

uniformly and abundantly. Afterward, in situ immobilization endowed aromatic 

nanocapsules with the capability of fast “growing” on the surface of the cationic cotton 

fibers evenly and firmly due to the mechanism of alkali solution inside–outside 

diffusion and penetration throughout fibers. The fragrance of the developed fabrics 

could be released continuously after being placed for 120 days. After five wash cycles, 

the maximal percentage of remaining essence still reached 91.19%, which was 4.7 

times that of the unimmobilized aromatic fabrics. In the process of preparation, the 

absence of adhesives reduces environmental pollution, and the aromatic 

nanocapsules solution is recyclable, which are conducive to industrial sustainability. 

Electrostatic-adsorption/in situ immobilization provides a facile and green strategy for 

preparing nanocomposite materials with potential applications in the field of aromatic 

medical care textiles, functional aromatic household, clothing products, advanced 

functional materials, etc. 

 

Nature-Inspired and Sustainable Synthesis of Sulfur-Bearing Fe-Rich Nanoparticles 

ACS Sustainable Chem. Eng. 2020, 8, 42, 15791–15808 

https://doi.org/10.1021/acssuschemeng.0c03401 

Sulfur-bearing Fe-rich 

nanoparticles (SINPs) have 

been subject to increased 

levels of interest because of 

their catalytic properties and 

other features. However, with 

increasing interest in greener 

and sustainable practice, 

traditional engineered routes 

to SINP synthesis have 

become a concern owing to their high energy and resource demand as well as the use 

of potentially hazardous or environmentally harmful reagents. Here, we aim to bring 

attention to emerging and burgeoning research across a wide range of disciplines on 

the formation of both naturally occurring and synthetic SINPs. First, various SINP types 

https://doi.org/10.1021/acssuschemeng.0c05040
https://doi.org/10.1021/acssuschemeng.0c03401
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are described, and their most important characteristics are outlined. Second, the 

natural mechanisms of SINP formation are evaluated and their environmental 

significance explained, predominantly in hydrothermal vents and lithogenic 

environments, in order to help inspire new approaches to engineered synthesis. Third, 

an appraisal of various synthetic approaches for SINP assembly is presented, with a 

focus on green synthesis methods. One exemplar is the use of nature-inspired 

biosynthesis, which has been increasingly explored for the fabrication of cost-effective 

and environmentally friendlier SINPs. Finally, potential future research directions 

leading to more sustainable SINP synthesis are put forward. 

 

Bio-Inspired Biomass-Derived Carbon Aerogels with Superior Mechanical Property 

for Oil–Water Separation 

ACS Sustainable Chem. Eng. 2020, 8, 16, 6458–6465 

https://doi.org/10.1021/acssuschemeng.0c00910 

It is a challenge to fabricate three-dimensional carbon aerogels based on natural 

renewable resources with stability, flexibility, and versatility. Here, an ultralight, elastic, 

and hydrophobic multifunctional reduced graphene oxide-konjac glucomannan (RGO-

KGM) carbon aerogel was fabricated by a three-step process of freeze-casting, freeze-

drying, and carbonization. In the freeze-casting process, three unique structural RGO-

KGM carbon aerogels were obtained by adjusting the position of the PDMS mold on 

the homemade directional freezer. RGO-KGM carbon aerogels possessed many 

excellent physicochemical properties, such as ultralow density, high specific surface 

area, elasticity, hydrophobicity, and controllable size. As an adsorbent, RGO-KGM 

carbon aerogels exhibited high adsorption capacity for various organic solvents and 

oils, and the maximum adsorption capacity reached up to 360 g/g. Therefore, RGO-

KGM carbon aerogels with good mechanical properties and reusability shows 

promising prospects in the field of water treatment. 

https://doi.org/10.1021/acssuschemeng.0c00910
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Near neutral waterborne cationic polyurethane from CO2-polyol, a compatible 

binder to aqueous conducting polyaniline for eco-friendly anti-corrosion purposes 

Green Chem., 2020, Advance Article 

https://doi.org/10.1039/D0GC02592E 

This work focuses on two 

meaningful points in green 

chemistry, one is providing a 

practical solution for CO2 

transformation into a CO2 

copolymer, and the other is 

disclosing the potential 

application of a CO2 

copolymer as a water 

dispersible binder to 

overcome the bottleneck in 

heavy metal free anti-

corrosion coatings. For the 

first point, a CO2-copolymer 

like CO2-polyol is 

synthesized from the telomerization of CO2 and propylene oxide using a zinc–cobalt 

double metal cyanide complex as a catalyst and terephthalic acid as a chain transfer 

agent. For the second point, for the past 30 years conducting polyaniline, with its 

unique anti-corrosion behaviour, has been regarded as a heavy metal free anti-

corrosion material, but the development of a waterborne polyaniline anti-corrosion 

coating has encountered an impasse owing to the lack of a compatible binder. 

Therefore, a water borne cationic polyurethane dispersion (CPUD) was developed for 

this purpose, in which CO2-polyol was used as a soft segment, and 1,4-butanediol di(3-

diethylamino-2-hydroxypropyl alcohol) ether was synthesized as a side-chain cationic 

extender. Unlike earlier acidic water borne dispersions, this water borne CPUD was 

near neutral, ensuring good compatibility with an aqueous conducting polyaniline 

dispersion, and is expected to create significant possibilities for the development of a 

novel generation of sustainable and eco-friendly metal anti-corrosion materials. 
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