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主編的話 

在綠色化學的領域，我應該還只是一個正在摸索的學習者，謝謝趙奕姼老師的推

薦，讓我得用更認真的態度來思考這個領域所要解決的問題，目前的進展，以及

在台灣的我們可以做些什麼。除了化學領域的學習，也許也因為自身生物相關背

景的訓練，對於許多化學品在使用上，我的確有許多疑慮。在過去的幾年裡，許

多研究確實開始發現我們司空見慣的化學品不僅在我們的身體裡可能危害健康，

干擾生理正常機能，而且在我們的生態系統中的影響越來越令人感到震驚。但真

正覺得應該在這個領域好好學習其實是 2019 年在 ACS webinar 上聽到

Professor Bruce Lipshutz 的 talk “The Future of Organic Synthesis is in 

Water: From Chemo- to Bio-catalysis”而深受感動與鼓舞，因此更加確信在

研究的同時若能多思考一下如何對未來環境永續作出一些努力，對我們自己身處

以及下一代所要面臨的環境絕對有莫大幫助。在這一期的重點科學新聞中，ETH 

Zurich 的科學家在 Green Chemistry 期刊中評估了 492 種化合物，結果顯示

99.4%這些化學品都會影響環境的永續，這個比例高得有點嚇人，但也再一次的

提醒我們，每個研究在進行前都應該謹慎思考各個環節的實驗設計。現在公眾對

這一方面挑戰的認識不斷升級，這在很大程度上要歸功於致力綠色化學的科學家

們所做的和正在做的工作。能夠在這個領域裡學習，促進和加快綠色永續化學和

工程領域的實踐，我感到非常開心。 

化學中心在提供實踐教育和創新的綠色化學研究方面有著悠久的歷史，我會秉持

著這樣原則繼續下去。教育和推廣對下一代的孩子來說十分重要。我真誠地希望

把對相關的科學教育、趨勢和以解決方案為導向的創新研究報導也反映在我擔任

主編期間的工作中。在接下來幾期的綠色與永續化學通訊中，我將會盡力分享關

於化學人正在努力的許多研究，期待這樣的分享能夠產生（並且繼續）來自化學

界的多方合作、夥伴關係和支持。 
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Webinars 

The Green Chemistry Classroom: Modeling Environmental Sustainability Through 
Safer Labs 

November 17, 2021 @ 4-5 pm ET 
https://www.beyondbenign.org/event/the-green-chemistry-classroom-modeling-e
nvironmental-sustainability-through-safer-labs/ 
 

Toxicology for Chemists: Integrating Toxicology Principles into Higher Education 
Chemistry Courses 

February 18, 2022 @ 2-3 pm ET 
https://www.beyondbenign.org/webinar/green-chemistry-inventing-a-circular-eco
nomy/  
 
 

Conferences 

The 1st Green and Sustainable Analytical Chemistry e-Conference (GSAC2022) 
“The conference aims to bring together top experts to discuss new advancements 
in the fields of sample preparation and green analytical chemistry. In the 
conference, contributed sessions will showcase innovative research, cutting-edge 
technology, as well as new products and techniques in a broad range of analytical 
and applied areas in sample preparation and green analytical chemistry. The 
events are recognized by the European Chemical Society (EuChemS).” 
March 14-16, 2022, online 
https://www.sampleprep.tuc.gr/en/home 

The 26th Annual Green Chemistry & Engineering Conference- Thinking in Systems: 
Designing for Sustainable Use 

“This conference will accept abstracts that span the breadth and depth of green 
and sustainable chemistry and engineering topics. While a wide variety of green 
chemistry and engineering topics are covered in the technical program each year, 
the thematic focus on the stages of the chemical life cycle is intended to challenge 
the green and sustainable chemistry and engineering communities to move 
towards a systems thinking approach that will help advance sustainable 
production and the circular economy. Of particular interest are abstracts that 
emphasize a systems–level, holistic, and life cycle perspectives. " 
June 6-8, 2022, Reston, Virginia, USA 
https://www.gcande.org/ 

https://www.beyondbenign.org/event/the-green-chemistry-classroom-modeling-environmental-sustainability-through-safer-labs/
https://www.beyondbenign.org/event/the-green-chemistry-classroom-modeling-environmental-sustainability-through-safer-labs/
https://www.beyondbenign.org/webinar/green-chemistry-inventing-a-circular-economy/
https://www.beyondbenign.org/webinar/green-chemistry-inventing-a-circular-economy/
https://www.sampleprep.tuc.gr/en/home
https://www.gcande.org/
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Advanced Inorganic Materials (AIM) Workshop 
“Green and unconventional synthesis approaches and functional assessment” 
June 23-24, 2022, Bari, Italy 
http://www.unconventional-aim2020-bari.it/index.php 

2022 Green Chemistry (GRS) - Mapping Green Paths to Critical Elements, Molecules 
and Materials - Gordon Research Seminar 

July 23-24, 2022, Castelldefels, Spain 
https://www.grc.org/green-chemistry-grs-conference/2022/ 

2022 Green Chemistry - Gordon Research Conference 
“Chemical Sciences Driving Sustainability” 
July 24-29, 2022, Castelldefels, Spain 
https://www.grc.org/green-chemistry-conference/2022/ 

The 9th IUPAC International Conference on Green Chemistry (9th ICGC) 
September 5-9, 2022, Zappeion Megaron, Athens, Greece, 
https://greeniupac2022.org/ 
 
 

News 

15 Green Chemistry Achievements in 2021 
Aurora Ginzburg, Ph.D., Education Program Specialist of ACS Green Chemistry 
Institute highlighted some of the significant green chemistry research, educational 
initiatives, and innovations from 2021.  
https://communities.acs.org/t5/GCI-Nexus-Blog/15-Green-Chemistry-Achievemen
ts-in-2021/ba-p/86568 

Bio activated carbon from renewable raw materials 
Producing bioactivated carbon from renewable raw materials and meeting the 
necessary energy demand in a climate-neutral way - this is the goal of a joint 
research project of carbonauten GmbH and the Department of Conversion 
Technologies of Renewable Raw Materials at the University of Hohenheim. 
Following the approval of funding by the Bioeconomy Innovation and Investment 
Programme for Rural Areas (BIPL BW) of the Baden-Württemberg Ministry of Food, 
Rural Areas and Consumer Protection in December 2021, the two-year research 
project is now starting. The result is to be a plant module with which biocarbons 
obtained from bioresidue can be activated by steam. The basis for this is the minus 
CO2 technology of carbonauten: carbonauten convert bioresidue into biocarbons, 

http://www.unconventional-aim2020-bari.it/index.php
https://www.grc.org/green-chemistry-grs-conference/2022/
https://www.grc.org/green-chemistry-conference/2022/
https://greeniupac2022.org/
https://communities.acs.org/t5/GCI-Nexus-Blog/15-Green-Chemistry-Achievements-in-2021/ba-p/86568
https://communities.acs.org/t5/GCI-Nexus-Blog/15-Green-Chemistry-Achievements-in-2021/ba-p/86568
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which permanently binds CO2 from the atmosphere and creates a surplus of 
renewable energy. 
https://www.chemeurope.com/en/news/1174536/bio-activated-carbon-from-ren
ewable-raw-materials.html 

Almost all chemicals burden the planet-More than 99 percent of the most widely 
produced chemicals aren’t sustainable 

For the first time, 
researchers at ETH 
Zurich have calculated 
in absolute figures the 
extent to which the 
production of 
chemicals is currently 
interfering with nature 
worldwide – and the 

results are staggering. In addition to greenhouse gas emissions, the new method 
also takes land use and freshwater consumption into account. More than 99 
percent of the most widely produced chemicals aren’t sustainable; their 
production is based on fossil raw materials and consumes more natural resources 
than the Earth can provide in the long term. This is the conclusion of a 
sustainability analysis developed at ETH Zurich, which for the first time provides 
absolute figures on the global environmental impact of the chemical industry. 
https://www.chemeurope.com/en/news/1174621/almost-all-chemicals-burden-th
e-planet.html 
https://pubs.rsc.org/en/content/articlelanding/2021/GC/D1GC02623B 

Enzymes power a carbon-sucking alternative to concrete 
Forged with the help of enzymes, a new 
alternative to concrete pulls in carbon 
dioxide instead of releasing it (Matter 
2022, DOI: 10.1016/j.matt.2021.12.020). 
The relatively strong material has 
self-healing properties and hardens in 24 
h—much faster than traditional concrete, 
which takes nearly a month. 

https://cen.acs.org/materials/Enzymes-power-carbon-sucking-alternative/100/i6?
utm_source=Essential 
 

https://www.chemeurope.com/en/news/1174536/bio-activated-carbon-from-renewable-raw-materials.html
https://www.chemeurope.com/en/news/1174536/bio-activated-carbon-from-renewable-raw-materials.html
https://www.chemeurope.com/en/news/1174621/almost-all-chemicals-burden-the-planet.html
https://www.chemeurope.com/en/news/1174621/almost-all-chemicals-burden-the-planet.html
https://pubs.rsc.org/en/content/articlelanding/2021/GC/D1GC02623B
https://cen.acs.org/materials/Enzymes-power-carbon-sucking-alternative/100/i6?utm_source=Essential
https://cen.acs.org/materials/Enzymes-power-carbon-sucking-alternative/100/i6?utm_source=Essential
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A new electrolyte for greener and safer batteries 
The future of battery technologies lies 
in sodium. More sustainable than 
lithium - which currently powers most 
of our devices and vehicles - sodium is 
also abundant on the earth’s surface. 
The only problem is that its ions do not 
move easily in the liquid electrolyte of 
conventional batteries, making it less 
efficient than lithium. Therefore, the 

solution lies in the development of a solid electrolyte. A scientific team from the 
University of Geneva (UNIGE) has succeeded in meeting this challenge by 
modifying the crystal structure of a material composed of carbon, boron and 
hydrogen (carbo hydridoborate). The research group also defined the ideal 
pressure to be applied to the battery for it to operate efficiently. 
https://www.chemeurope.com/en/news/1174756/a-new-electrolyte-for-greener-
and-safer-batteries.html 
https://onlinelibrary.wiley.com/doi/10.1002/admi.202101254 

Chemists develop radical way to make it easier, more profitable to recycle plastic 
The United States generates more plastic trash than any other country – about 
46.3 million tons of it -- or 287 pounds per person a year,according to a 2020 study.  
The country’s 9% rate of recycling will never keep up. Why so low? The chemistry 
of today’s plastics makes most difficult to recycle. Even thermoplastics that can be 
melted down weaken with each re-use. And that leads to the real barrier to 
recycling – economics. There’s just no profit incentive. But now a group of 
chemists at the University of North Carolina at Chapel Hill have turned the tables 
by discovering a method to break down plastics to create a new material that is 
stronger and tougher than the original – meaning it’s potentially more valuable. 
https://www.chemeurope.com/en/news/1174683/chemists-develop-radical-way-t
o-make-it-easier-more-profitable-to-recycle-plastic.html 
https://www.science.org/doi/10.1126/science.abh4308 

Chemists unlock the key to improving biofuel and biomaterial production 
As the world searches for and 
demands more sustainable sources 
of energy and materials, plant 
biomass may provide the solution by 
serving as a renewable resource for 
biomaterials and biofuel production. 

https://www.chemeurope.com/en/news/1174756/a-new-electrolyte-for-greener-and-safer-batteries.html
https://www.chemeurope.com/en/news/1174756/a-new-electrolyte-for-greener-and-safer-batteries.html
https://onlinelibrary.wiley.com/doi/10.1002/admi.202101254
https://www.chemeurope.com/en/news/1174683/chemists-develop-radical-way-to-make-it-easier-more-profitable-to-recycle-plastic.html
https://www.chemeurope.com/en/news/1174683/chemists-develop-radical-way-to-make-it-easier-more-profitable-to-recycle-plastic.html
https://www.science.org/doi/10.1126/science.abh4308
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However, until now, the complex physical and chemical interactions in plant 
biomass have been a challenge in post-harvest processing. In a new study 
published in Nature Communications, LSU Department of Chemistry Associate 
Professor Tuo Wang and his research team reveal how carbohydrates interact with 
the aromatic polymer, lignin, to form plant biomass. This new information can help 
advance the development of better technology to use biomass for energy and 
materials.   
https://www.chemeurope.com/en/news/1174658/chemists-unlock-the-key-to-im
proving-biofuel-and-biomaterial-production.html 
https://www.nature.com/articles/s41467-022-28165-3 

Game-changing technology to remove 99% of carbon dioxide from air 
University of Delaware engineers have 
demonstrated a way to effectively 
capture 99% of carbon dioxide from 
air using a novel electrochemical 
system powered by hydrogen. It is a 
significant advance for carbon dioxide 
capture and could bring more 

environmentally friendly fuel cells closer to market. 
https://www.chemeurope.com/en/news/1174638/game-changing-technology-to-r
emove-99-of-carbon-dioxide-from-air.html 
https://www.nature.com/articles/s41560-021-00969-5 

New efficiency record for solar cell technology 
A research team from the National University of Singapore (NUS) has set a new 
record in the power conversion efficiency of solar cells made using perovskite and 
organic materials. Their latest work demonstrated a power conversion efficiency of 
23.6%, approaching that of conventional silicon solar cells. This technological 
breakthrough paves the way for flexible, light-weight, low cost and ultra-thin 
photovoltaic cells for wide-ranging applications. 
https://www.sciencedaily.com/releases/2022/01/220121124856.htm 
https://www.nature.com/articles/s41560-021-00966-8 

Recycling already considered in the development of new battery materials 
Enormous ecological and economic potential consists in the circular value chain of 
batteries: The use of recycled materials not only reduces the costs of raw materials, 
but also enables energy savings in battery production. A review article on battery 
recycling published in the scientific journal Advanced Energy Materials 
(DOI: 10.1002/aenm.202102917) provides an overview of the challenges of new 

https://www.chemeurope.com/en/news/1174658/chemists-unlock-the-key-to-improving-biofuel-and-biomaterial-production.html
https://www.chemeurope.com/en/news/1174658/chemists-unlock-the-key-to-improving-biofuel-and-biomaterial-production.html
https://www.nature.com/articles/s41467-022-28165-3
https://www.chemeurope.com/en/news/1174638/game-changing-technology-to-remove-99-of-carbon-dioxide-from-air.html
https://www.chemeurope.com/en/news/1174638/game-changing-technology-to-remove-99-of-carbon-dioxide-from-air.html
https://www.nature.com/articles/s41560-021-00969-5
https://www.sciencedaily.com/releases/2022/01/220121124856.htm
https://www.nature.com/articles/s41560-021-00966-8
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material concepts for battery recycling, "Design for Recycling" as a promising 
approach of a sustainable battery economy as well as regulations and new battery 
directive demands in various countries. 
https://www.sciencedaily.com/releases/2022/01/220112105655.htm 
https://onlinelibrary.wiley.com/doi/10.1002/aenm.202102917 

How sugar-loving microbes could help power future cars 
It sounds like modern-day alchemy: Transforming sugar into hydrocarbons found in 
gasoline. But that's exactly what scientists have done. Researchers report 
harnessing the wonders of biology and chemistry to turn glucose (a type of sugar) 
into olefins (a type of hydrocarbon, and one of several types of molecules that 
make up gasoline). 
https://www.sciencedaily.com/releases/2021/11/211122135332.htm 
https://www.nature.com/articles/s41557-021-00820-0 
 

Reviews and Papers 

Green Chemistry Education 
Multistep Synthesis of a 3(2H)-Furanone Featuring a Green Aldol Condensation 

J. Chem. Educ. 2022, 99, 946–951. https://doi.org/10.1021/acs.jchemed.1c00634 
A multistep synthesis of a novel 
arylidene 3(2H)-furanone has been 
designed and optimized for the 
second-year organic laboratory. The 
three-step sequence consists of a 
nucleophilic substitution, 
intramolecular cyclization, and 
acid-catalyzed aldol condensation, 

and can be carried out within two 3 h laboratory periods. The final product is a 
crystalline solid that does not require purification and bears structural 
resemblance to natural products with medicinal properties. Reactions are 
performed at room temperature, and the aldol condensation takes place without 
the need for organic solvent, providing students hands-on experience with 
chemical transformations that illustrate green chemistry principles. 

Silver Chloride Waste Recycling as a Guided-Inquiry Experiment for the 
Instrumental Analysis Laboratory 

J. Chem. Educ. 2022, 99, 1014–1020. 
https://doi.org/10.1021/acs.jchemed.1c00871 

https://www.sciencedaily.com/releases/2022/01/220112105655.htm
https://onlinelibrary.wiley.com/doi/10.1002/aenm.202102917
https://www.sciencedaily.com/releases/2021/11/211122135332.htm
https://www.nature.com/articles/s41557-021-00820-0
https://doi.org/10.1021/acs.jchemed.1c00634
https://doi.org/10.1021/acs.jchemed.1c00871
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The authors describe a guided-inquiry 
laboratory experiment for instrumental 
analysis in which our students test an 
improved protocol for the recycling of silver 
chloride to produce nontoxic waste. 
Students are provided with samples of 

silver chloride that they created as waste products in a previous lab experiment 
and tasked with performing a stepwise reduction of silver ions with copper metal, 
and then of copper ions with iron metal. Along the way, the students select 
appropriate analytical methods to determine the concentrations of various metal 
ions present and use their results to evaluate the efficiency of the metal recycling 
protocol. The stepwise reduction method reliably recovers silver and copper 
metals in high yields, making it a practical method for silver chloride waste 
management. This experiment served to assess students’ lab skills and scientific 
writing while providing them with opportunities to reflect on the importance of 
sustainable lab practices. 

Open Inquiry-Based Laboratory Project on Plant-Mediated Green Synthesis of 
Metal Nanoparticles and Their Potential Applications 

J. Chem. Educ. 2021, 98, 3984–3991. 
https://doi.org/10.1021/acs.jchemed.1c00300 

This paper describes an inquiry-based 
integrated laboratory project for green 
synthesis, characterization, and 
applications of silver and gold 
nanoparticles. In this project, students 
were able to choose their choice of 
plant extract as reducing and stabilizing 
agents, and the students also designed 
their own experiments. This course 

gave the students experience conducting research in the fields of analytical 
chemistry or materials science, which also helped develop their abilities in critical 
and creative thinking, problem-solving, and laboratory skills. 

 
Teaching the Undergraduate Laboratory During Pandemic Time: Using the Synthesis 
of a Biodiesel Model to Demonstrate Aspects of Green Chemistry 

J. Chem. Educ. 2021, 98, 3962–3967. 
https://doi.org/10.1021/acs.jchemed.1c00779 

https://doi.org/10.1021/acs.jchemed.1c00300
https://doi.org/10.1021/acs.jchemed.1c00779
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We report on a distance learning 
experimental project for 
chemistry-major students on the 
synthesis of ethyl dodecanoate 
(C11CO2Et), a model for biodiesel, 
considering green chemistry 
principles. Thus, we employed 

a recyclable acid catalyst (an ionic liquid) and used chemometrics and microwave 
heating (MW) to maximize reaction yield and reduce energy consumption. 
Acid-catalyzed esterification is an equilibrium that can be shifted to products by 
controlling reaction conditions. Of these, the students selected reaction time (t) 
and the molar ratio (ethanol/dodecanoic acid; χEtOH/C11CO2H); these were varied 
using the design of experiment (DOE) statistical method. We demonstrated that 
the C11CO2Et yield depends more on t than on χEtOH/C11CO2H. Relative to convection 
heating, the use of MW resulted in a better ester yield and less power 
consumption. To enhance the participation of the students, we stopped the video 
presentation of the experiment and asked them how to proceed to the next step 
(e.g., product separation; catalyst recycling). The students gave group seminars on 
themes related to green chemistry (nonconventional energy sources, recycling, 
etc.). This project introduces green chemistry principles in the undergraduate 
laboratory, while being safe and low-cost, and generates very little waste. 
 

Green Perspectives 

Defining a sustainable development target space for 2030 and 2050 
One Earth, 2022, Advance Article. https://doi.org/10.1016/j.oneear.2022.01.003 

With the establishment of the 
sustainable development goals (SDGs), 
countries worldwide agreed to a 
prosperous, socially inclusive, and 
environmentally sustainable future for all. 
This ambition, however, exposes a critical 
gap in science-based insights, namely on 
how to achieve the 17 SDGs 
simultaneously. Quantitative 
goal-seeking scenario studies could help 

explore the needed systems' transformations. This requires a clear definition of 
the "target space." The 169 targets and 232 indicators used for monitoring SDG 

https://doi.org/10.1016/j.oneear.2022.01.003
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implementation cannot be used for this; they are too many, too broad, 
unstructured, and sometimes not formulated quantitatively. Here, we propose a 
streamlined set of science-based indicators and associated target values that are 
quantifiable and actionable to make scenario analysis meaningful, relevant, and 
simple enough to be transparent and communicable. The 36 targets are based on 
the SDGs, existing multilateral agreements, literature, and expert assessment. 
They include 2050 as a longer-term reference point. This target space can guide 
researchers in developing new sustainable development pathways. 

Perspective on the hydrogen economy as a pathway to reach net-zero CO2 
emissions in Europe 

Energy Environ. Sci., 2022, Advance Article. https://doi.org/10.1039/D1EE02118D 
The interest in hydrogen has soared in 
the last five years: many businesses, 
countries and organisations see clean 
hydrogen as indispensable for 
reaching the Paris Agreement target 
of below 2 °C and toward 1.5 °C global 
warming. However, today hydrogen 
production is a CO2 intensive process, 
accounting for about 2% of global 

CO2 emissions. Clearly, we cannot scale up towards a hydrogen economy by 
continuing with greenhouse gas-emitting processes. Hydrogen has to be produced 
with the lowest greenhouse gas footprint possible, but also affordably, likely 
requiring both the fossil route with CO2 capture and storage and the electrolysis 
route with renewable energy supply. How will these routes develop in the future, 
what is the competitive edge of one towards the other and when will price parity 
occur versus buying CO2 emissions certificates? How may hydrogen networks 
evolve and what regulatory and market designs are needed for successful 
implementation? These are questions we are grappling with at present and that 
we try to address in this perspective paper. No simple answers can be provided, 
but there are directions and signposts we can use to create a credible narrative on 
how this may develop. Here, we try to provide the reader with an experienced and 
cross-disciplinary view on what the hydrogen economy is and is not, and how it 
may develop over the next decades. 

Solar fuels: research and development strategies to accelerate photocatalytic 
CO2 conversion into hydrocarbon fuels 

Energy Environ. Sci., 2022, Advance Article. https://doi.org/10.1039/D1EE02714J 

https://doi.org/10.1039/D1EE02118D
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Photocatalytic production of solar fuels 
from CO2 is a promising strategy for 
addressing global environmental 
problems and securing future energy 
supplies. Although extensive research has 
been conducted to date, numerous 
impediments to realizing efficient, 
selective, and stable CO2 reduction have 
yet to be overcome. This comprehensive 
review highlights the recent advances in 

CO2 photoreduction, including critical challenges such as light-harvesting, charge 
separation, and the activation of CO2 molecules. We present promising strategies 
for enhancing the photocatalytic activities and discuss theoretical insights and 
equations for quantifying photocatalytic performance, which are expected to 
afford a fundamental understanding of CO2 photoreduction. We then provide a 
thorough overview of both traditional photocatalysts such as metal oxides and 
state-of-the-art catalysts such as metal–organic frameworks and 2D materials, 
followed by a discussion of the origin of carbon in CO2 photoreduction as a means 
to further understand the reaction mechanism. Finally, we discuss the economic 
viability of photocatalytic CO2 reduction before concluding the review with 
proposed future research directions. 

Perspectives for the Upgrading of Bio-Based Vicinal Diols within the Developing 
European Bioeconomy 

ChemSusChem, 2022, e202102391. https://doi.org/10.1002/cssc.202102391 
In the past decade, numerous European programs 
have been developed to stimulate and promote 
research and innovation relying on sustainable 
and renewable resources. This Review concerns 
the most promising process conditions and 
technologies targeting bio-based vicinal diols and 
promoting their transformation into value-added 
molecules of wide industrial interest, such as 
olefins, epoxides, cyclic carbonates, and ketals. 

Making Sustainability Assessment Accessible: Tools Developed by the ACS Green 
Chemistry Institute Pharmaceutical Roundtable 

ACS Sustainable Chem. Eng. 2021, 9, 16862–16864 
https://doi.org/10.1021/acssuschemeng.1c07651 
This editorial offers a tour of the suite of tools developed by the ACS Green 

https://doi.org/10.1002/cssc.202102391
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Chemistry Institute Pharmaceutical Roundtable (GCIPR) ─ an organization 
dedicated to catalyzing green chemistry and engineering throughout 
pharmaceutical and allied industries. While developed by and for the 
pharmaceutical industry, these tools are also useful and accessible to the broader 
chemistry and chemical engineering communities. 

Streamlined life cycle assessment of single use technologies in biopharmaceutical 
manufacture 

N Biotechnol. 2022, 68, 28-36 https://doi.org/10.1016/j.nbt.2022.01.002 
The rapid growth of biologics as the preferred modality in several therapeutic 
areas has led to changes in the environmental profile of pharmaceutical 
manufacturing for some companies. The increased use of single use technologies 
(SUT) in biologics manufacturing has been accompanied by a greater public 
awareness of plastics waste, but the full life cycle environmental impacts of SUT 
have had limited study. Therefore, a segment of American Chemical Society Green 
Chemistry Institute Pharmaceutical Roundtable member companies undertook a 
streamlined cradle-to-gate life cycle assessment on a biological bulk drug 
substance (BDS) manufacturing process utilizing SUT at the 2000 L scale. The goal 
of this study was to highlight where pharmaceutical companies, and biologics 
producers in particular, can reduce the environmental impact of their drug 
substance manufacturing. The results have shown that the largest contribution to 
the life cycle environmental impact for SUT was found to be the electricity used to 
operate the plant. Interestingly, across all impact categories, the contribution to 
the environmental footprint from end-of-life due to the use of plastic SUT was 
extremely small. Although not quantified in this study, these findings and others 
suggest operational changes that increase process efficiency and decrease time in 
plant are among the best strategies for reducing the life cycle environmental 
impact of biologics manufacturing. 

A plea for the integration of Green Toxicology in sustainable bioeconomy strategies 
- Biosurfactants and microgel-based pesticide release systems as examples 

J. Hazard. Mater. , 2022, 426: 127800 
https://doi.org/10.1016/j.jhazmat.2021.127800 

A key aspect of the 
transformation of the economic 
sector towards a sustainable 
bioeconomy is the 
development of 
environmentally friendly 

https://doi.org/10.1016/j.nbt.2022.01.002
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alternatives for hitherto used chemicals, which have negative impacts on 
environmental health. However, the implementation of an ecotoxicological hazard 
assessment at early steps of product development to elaborate the most 
promising candidates of lowest harm is scarce in industry practice. The present 
article introduces the interdisciplinary proof-of-concept project GreenToxiConomy, 
which shows the successful application of a Green Toxicology strategy for 
biosurfactants and a novel microgel-based pesticide release system. Both groups 
are promising candidates for industrial and agricultural applications and the 
ecotoxicological characterization is yet missing important information. An iterative 
substance- and application-oriented bioassay battery for acute and 
mechanism-specific toxicity within aquatic and terrestrial model species is 
introduced for both potentially hazardous materials getting into contact with 
humans and ending up in the environment. By applying in silico QSAR-based 
models on genotoxicity, endocrine disruption, skin sensitization and acute toxicity 
to algae, daphnids and fish, individual biosurfactants resulted in deviating toxicity, 
suggesting a pre-ranking of the compounds. Experimental toxicity assessment will 
further complement the predicted toxicity to elaborate the most promising 
candidates in an efficient pre-screening of new substances. 
 

Green solvents and solvent-free processes 

Sustainability of green solvents – review and perspective 
Green Chem., 2022,24, 410-437. https://doi.org/10.1039/D1GC03662A 

Solvents define pivotal properties for 
chemical processing and chemical 
reactions, and can be as game-changing as 
catalysts. A solvent can be the key to a 
good chemical process, rather than being 
just an asset and a reaction space. It 
determines the solubility, meaning the 
concentration at which reactants can be 
processed, determines the stability of 

excited states, and thus guides the potential-energy curves of activation. As a net 
outcome, solvents rule over productivity and economic/environmental benefit. 
Expanding the capabilities of conventional solvents, a new class of so-called 
master solvents has been proposed and investigated in the last two decades, 
which have also been termed “green” or “designer” solvents. They comprise first 
of all ionic liquids and supercritical carbon dioxide, yet also deep eutectic, 

https://doi.org/10.1039/D1GC03662A
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thermomorphic and fluorous solvents. There is a vast literature on and experience 
with these solvents and their applications. However, their sustainability has been 
reported mostly by considering only one class of master solvent and hardly 
benchmarking several classes. Thus, a comparative, complete, and holistic view of 
their sustainability is missing. This perspective review aims to fill this gap and 
focuses on a holistic overview of sustainability assessments of master solvents. It 
encompasses green chemistry principles, life cycle assessments, and modern 
circularity evaluations based on the “10R framework”; standing for 10 principles 
starting with “R” such as recycling, reuse, repair, rethink, remanufacture, and so on. 
This review will show what “green” actually denotes and means for each class of 
master solvent when it comes to a ‘weighting’ by a certified sustainability 
assessment. 

Recent advances in polymer membranes employing non-toxic solvents and 
materials 

Green Chem., 2021,23, 9815-9843. https://doi.org/10.1039/D1GC03318B 
Polymer membranes have attracted interest in 
many areas, such as desalination, water treatment, 
gas separation, and energy storage and generation. 
Membrane fabrication requires large amounts of 
solvents for polymer dissolution. These solvents 
often show toxicity and need to be replaced by 
greener solvents to avoid adverse effects on human 
health and increase sustainability of the production 
processes. The need to use non-toxic compounds is 

increasing with the strong growth of the global membrane market. This review 
focuses on green solvents and green materials to prepare polymer-based 
membranes for the steadily increasing range of applications. Membrane 
fabrication techniques, choice of emerging green solvents, economic evaluation, 
and application areas will be comprehensively and critically reviewed. This review 
provides important selection guidelines for greener solvents for chemists, 
chemical engineers, and material scientists, focusing on organic chemicals and 
polymer processing. Furthermore, a simple cost analysis for a typical green solvent 
is provided, and its impact on the membrane fabrication cost is discussed. 

A guest-assisted molecular-organization approach for >17% efficiency organic solar 
cells using environmentally friendly solvents 

Nat. Energy, 2021, 6, 1045–1053. https://doi.org/10.1038/s41560-021-00923-5 
The power conversion efficiencies (PCEs) of laboratory-sized organic solar cells 
(OSCs), usually processed from low-boiling-point and toxic solvents, have reached 

https://doi.org/10.1039/D1GC03318B
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high values of over 18%. However, there is usually a notable drop of the PCEs 
when green solvents are used, limiting practical development of OSCs. Herein, we 
obtain certificated PCEs over 17% in OSCs processed from a green solvent 
paraxylene (PX) by a guest-assisted assembly strategy, where a third component 
(guest) is employed to manipulate the molecular interaction of the binary blend. In 
addition, the high-boiling-point green solvent PX also enables us to deposit a 
uniform large-area module (36 cm2) with a high efficiency of over 14%. The strong 
molecular interaction between the host and guest molecules also enhances the 
operational stability of the devices. Our guest-assisted assembly strategy provides 
a unique approach to develop large-area and high-efficiency OSCs processed from 
green solvents, paving the way for industrial development of OSCs. 

A high-throughput, solvent free method for dispersing metal atoms directly onto 
supports 

J. Mater. Chem. A, 2021,9, 26676-26679. https://doi.org/10.1039/D1TA08372D 
Atomically dispersed 
metal catalysts (ADMCs) 
on surfaces have 
demonstrated high 
activity and selectivity 
in many catalytic 
reactions. However, 

dispersing and stabilising individual atoms in support materials in an 
atom/energy-efficient scalable way still presents a significant challenge. Currently, 
the synthesis of ADMCs involves many steps and further filtration procedures, 
creating a substantial hurdle to their production at industrial scale. In this work, 
we develop a new pathway for producing ADMCs in which Pt atoms are stabilised 
in the nitrogen-interstices of a graphitic carbon nitride (g-C3N4) framework using 
scalable, solvent-free, one-pot magnetron sputtering deposition. Our approach 
has the highest reported rate of ADMC production of 4.8 mg h−1 and generates no 
chemical waste. Deposition of only 0.5 weight percent of Pt onto g-C3N4 led to 
improved hydrogen production by factor of ca. 3333 ± 450 when compared to bare 
g-C3N4. It is shown that this scalable and clean approach can produce effective 
ADMCs with no further synthetic steps required, and that they can be readily used 
for catalytic reactions. 

Mechanochemical synthesis of magnesium-based carbon nucleophiles in air and 
their use in organic synthesis 

Nat. Commun. 2021, 12, 6691. https://doi.org/10.1038/s41467-021-26962-w 

https://doi.org/10.1039/D1TA08372D
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120-year-old reaction turned on its head with environment-friendly, paste-based 
method: Since the discovery of Grignard reagents in 1900, the nucleophilic 
addition of magnesium-based carbon nucleophiles to various electrophiles has 
become one of the most powerful, versatile, and well-established methods for the 
formation of carbon−carbon bonds in organic synthesis. Grignard reagents are 
typically prepared via reactions between organic halides and magnesium metal in 
a solvent. However, this method usually requires the use of dry organic solvents, 
long reaction times, strict control of the reaction temperature, and inert-gas-line 
techniques. Despite the utility of Grignard reagents, these requirements still 
represent major drawbacks from both an environmental and an economic 
perspective, and often cause reproducibility problems. Here, we report the general 
mechanochemical synthesis of magnesium-based carbon nucleophiles (Grignard 
reagents in paste form) in air using a ball milling technique. These nucleophiles can 
be used directly for one-pot nucleophilic addition reactions with various 
electrophiles and nickel-catalyzed cross-coupling reactions under solvent-free 
conditions. 
 

CO2 sensor and capture 
Migration-assisted, moisture gradient process for ultrafast, continuous CO2 capture 
from dilute sources at ambient conditions 

Energy Environ. Sci., 2022,15, 680-692. https://doi.org/10.1039/D1EE03018C 
The development of efficient 
CO2 capture systems has received 
increasing attention due to the 
ever-increasing anthropogenic 
CO2 concentration in the 
atmosphere. Current 
state-of-the-art technologies rely 
on energy-intensive pressure or 
temperature swing for CO2 sorption 

from a point source like flue gas and regenerate the sorbents through similar 
energy-consuming processes. Moreover, these processes require process 
integration of capture and regeneration units for continuous operation. The 
massive energy penalties for a modest CO2 capture flux are the bottleneck of 
scaling up such processes. Here we report an ultrafast CO2 capture process driven 
by moisture gradient and electric field with lower energy consumption. This is a 
modular process that can be powered by renewable energy to capture CO2 from 
the air or the flue gas. 
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Direct conversion of CO2 to solid carbon by Ga-based liquid metals 
Energy Environ. Sci., 2022, 15, 595-600. https://doi.org/10.1039/D1EE03283F 

The direct conversion of 
CO2 to carbon is a highly 
providential route; however, 
conventional thermal and 
catalytic approaches are 
hindered by high energy 
demands and are limited by 
coking. Here, we report a 

robust and highly selective method for the direct conversion of CO2 to solid carbon 
over EGaIn liquid metal (LM) alloy. We utilized the low-melting point of this alloy 
to facilitate the reduction of CO2 at low temperatures, producing 319 μmol h−1 of 
carbon at 200 °C, and remarkably enabling CO2 activation and carbon production 
even at room temperature, without the use of a supplementary reductant such as 
hydrogen. The deployed LM showed no signs of deactivation by coking and the 
generated carbon is shown to naturally accumulate at the top of the LM where it 
can be easily collected. In situ XPS measurements indicate an increase of 9.6% in 
the carbon–carbon bond content and an equivalent decrease in the Ga metal 
content, upon exposure of the LM to CO2 for 30 mins at 200 °C and 1 bar. This led 
to the conclusion that solid carbon and gallium oxide are the final reaction 
products of this process. Density functional theory calculations shed further light 
on the adsorption and dissociation of CO2 over Ga and EGaIn. The presented 
method creates a pathway to transforming CO2 to perpetually stored solid carbon 
and can therefore set a trajectory for making a measurable impact on carbon 
intensive industries. 
 

Catalysts 
Metal-free carbocatalyst for room temperature acceptorless dehydrogenation of 
N-heterocycles 

Sci. Adv. 2022, 8:eabl9478.  https://doi.org/10.1126/sciadv.abl9478 
Catalytic dehydrogenation 
enables reversible 
hydrogen storage in liquid 
organics as a critical 
technology to achieve 
carbon neutrality. However, 
oxidant or base-free 
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catalytic dehydrogenation at mild temperatures remains a challenge. Here, we 
demonstrate a metal-free carbocatalyst, nitrogen-assembly carbons (NCs), for 
acceptorless dehydrogenation of N-heterocycles even at ambient temperature, 
showing greater activity than transition metal–based catalysts. Mechanistic studies 
indicate that the observed catalytic activity of NCs is because of the unique closely 
placed graphitic nitrogens (CGNs), formed by the assembly of precursors during 
the carbonization process. The CGN site catalyzes the activation of C─H bonds in 
N-heterocycles to form labile C─H bonds on catalyst surface. The subsequent 
facile recombination of this surface hydrogen to desorb H2 allows the NCs to work 
without any H-acceptor. With reverse transfer hydrogenation of various 
N-heterocycles demonstrated in this work, these NC catalysts, without precious 
metals, exhibit great potential for completing the cycle of hydrogen storage. 

Selective ligand removal to improve accessibility of active sites in hierarchical MOFs 
for heterogeneous photocatalysis 

Nat. Commun., 2022, 13, 282. https://doi.org/10.1038/s41467-021-27775-7 
 

Metal-organic frameworks (MOFs) 
are commended as photocatalysts 
for H2 evolution and 
CO2 reduction as they combine 
light-harvesting and catalytic 
functions with excellent reactant 
adsorption capabilities. For 
dynamic processes in liquid phase, 
the accessibility of active sites 

becomes a critical parameter as reactant diffusion is limited by the inherently 
small micropores. Our strategy is to introduce additional mesopores by selectively 
removing one ligand in mixed-ligand MOFs via thermolysis. Here we report 
photoactive MOFs of the MIL-125-Ti family with two distinct mesopore 
architectures resembling either large cavities or branching fractures. The ligand 
removal is highly selective and follows a 2-step process tunable by temperature 
and time. The introduction of mesopores and the associated formation of new 
active sites have improved the HER rates of the MOFs by up to 500%. We envision 
that this strategy will allow the purposeful engineering of hierarchical MOFs and 
advance their applicability in environmental and energy technologies. 

Reversibly Photoswitchable Catalysts for Olefin Metathesis Reactions 
ACS Catal. 2021, 11, 22, 13860–13865  

https://doi.org/10.1038/s41467-021-27775-7


 

 

22 

22 

https://pubs.acs.org/doi/10.1021/acscatal.1c04281 

Azobenzene-bearing photoswitchable ruthenium catalysts were developed for 
olefin metathesis reactions. These catalysts exhibited an on–off switching ability in 
ring-closing metathesis depending on UV irradiation (>99% conversion without UV 
vs <1% with UV). Photoswitching phenomena have been observed in various types 
of olefin metathesis reactions, such as ring-opening metathesis, cross-metathesis, 
and ethenolysis. The photoswitching feature is also reversible, as the ring-closing 
metathesis reaction can repeatedly be turned on and off by switching the UV light 
source. Photoisomerization of azobenzene-bearing cyclic(alkyl)(amino)carbene 
(azo-CAAC) ligands and the corresponding ruthenium catalysts was observed by 
UV–vis spectroscopy. 

Copper-catalysed exclusive CO2 to pure formic acid conversion via single-atom 
alloying 

Nat. Nanotechnol., 2021, 16, 1386-1393 
https://www.nature.com/articles/s41565-021-00974-5 

Converting CO2 emissions, 
powered by renewable electricity, 
to produce fuels and chemicals 
provides an elegant route towards 
a carbon-neutral energy cycle. 
Progress in the understanding and 
synthesis of Cu catalysts has 
spurred the explosive 

development of electrochemical CO2 reduction (CO2RR) technology to produce 
hydrocarbons and oxygenates; however, Cu, as the predominant catalyst, often 
exhibits limited selectivity and activity towards a specific product, leading to low 
productivity and substantial post-reaction purification. Here, we present a 
single-atom Pb-alloyed Cu catalyst (Pb1Cu) that can exclusively (~96% Faradaic 
efficiency) convert CO2 into formate with high activity in excess of 1 A cm–2. The 
Pb1Cu electrocatalyst converts CO2 into formate on the modulated Cu sites rather 
than on the isolated Pb. In situ spectroscopic evidence and theoretical calculations 
revealed that the activated Cu sites of the Pb1Cu catalyst regulate the first 
protonation step of the CO2RR and divert the CO2RR towards a HCOO* path rather 
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than a COOH* path, thus thwarting the possibility of other products. We further 
showcase the continuous production of a pure formic acid solution at 100 mA cm–2 
over 180 h using a solid electrolyte reactor and Pb1Cu. 
 

Devices 

Lignin: a sustainable photothermal block for smart elastomers 
Green Chem., 2022, 24, 823-836. https://doi.org/10.1039/D1GC03571A 

Remote controllable photothermal 
elastomers can realize precise non-contact 
control through the photothermal 
conversion effect, highlighting a new routine 
for light energy utilization and a promising 
direction for smart materials. Developing 
biomass-based photothermal materials is an 

important strategy to promote the realization of carbon neutrality and improve 
the environmental friendliness of photothermal elastomers. In this work, green 
biomass lignin was demonstrated as an efficient photothermal agent for preparing 
smart elastomer composites with versatile functionalities, owing to the fact that 
the conjugated structures in lignin could effectively promote electron transitions 
from low-energy orbitals to high-energy states and the visible and near-infrared 
(NIR) light energy absorbed by lignin was mainly released in the form of 
non-radiative transition. A high photothermal conversion efficiency of 53.7% was 
obtained for low molecular weight alkaline lignin with the photothermal 
temperature exceeding 280 °C under NIR irradiation (808 nm, 1.25 W cm−2). Under 
the stimulation of NIR light, the alkaline lignin/polyethylene elastomer (POE) 
composite exhibited a good light-triggered shape memory effect, excellent 
light-controlled self-repairing properties with the self-repairing efficiency as high 
as 98.2% (808 nm, 1.25 W cm−2, 20 min), and strong photothermal bactericidal 
activity. Meanwhile, a series of functional applications were demonstrated based 
on the excellent photothermal effect of lignin, such as photothermal engines, 
photothermal generators and photothermal switches, which endowed 
lignin-based elastomer composites with considerable application prospects in 
smart materials for precise remote driving of robots, machines, sensors, 
sterilization and self-repairing equipment, etc., promoting the sustainable 
development and high-value utilization of biomass lignin. 
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Green Flexible Graphene–Inorganic-Hybrid Micro-Supercapacitors Made of Fallen 
Leaves Enabled by Ultrafast Laser Pulses 

Adv. Funct. Mater., 2021, 2107768.  
https://onlinelibrary.wiley.com/doi/10.1002/adfm.202107768  

 

The development of green flexible micro-supercapacitors (MSCs) is one of the 
biggest challenges in future wearable electronics. Flexible MSCs are mainly 
produced from non-biodegradable synthetic polymers, resulting in massive 
electronic waste. Moreover, complex multi-step fabrication increases their 
production cost. Here, the direct fabrication of highly conductive, intrinsically 
flexible, and green microelectrodes from naturally fallen leaves in ambient air 
using femtosecond laser pulses without any additional materials is reported. 
Hierarchically porous graphene is patterned on different types of leaves via a facile, 
mask-less, scalable, and one-step laser writing. Leaves consist of biominerals, 
which decompose into inorganic crystals that serve as nucleation sites for the 
growth of 3D mesoporous few-layer graphene. The femtosecond laser-induced 
graphene (FsLIG) microelectrodes formed on leaves have lower sheet resistance 
(23.3 Ω sq−1) than their synthetic polymer counterparts and exhibit an outstanding 
areal capacitance (34.68 mF cm−2 at 5 mV s−1) and capacitance retention (≈99% 
after 50 000 charge/discharge cycles). The FsLIG MSCs on a single leaf could easily 
power a light-emitting diode or a table clock and could be applied in wearable 
electronics, smart houses, and Internet of Things. 

Debondable adhesives and their use in recycling 
Green Chem., 2022, 24, 36-61. https://doi.org/10.1039/D1GC03306A 
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Structural adhesives are commonly 
used to join dissimilar materials and are 
of particular interest in complex 
technological devices used in 
automotive, telecommunications, 
photonic devices, aerospace and 

sustainable power production and storage. Their strength, ease of application and 
stability are of significant help in the manufacture and service of the device, 
however, they can present significant issues at end of life, particularly when 
technology critical metals need to be recovered. In this paper, we highlight some 
of the issues, and discuss an alternative approach: the use of adhesives that can be 
debonded upon application of an external stimulus. The aim of this critical review 
is to consider the polymer systems which have been investigated and suggest 
some alternative strategies. It also aims to demonstrate the different stimuli that 
can be used to debond and comment on the applicability of these with a number 
of case studies. Finally, the service conditions and process economics are 
considered together with a discussion of the Green benefits of this type of 
methodology. 
 

Biosynthesis 
Biogenic colourants in the textile industry – a promising and sustainable alternative 
to synthetic dyes 

Green Chem., 2022, 24, 13-35. https://doi.org/10.1039/D1GC02968A 
The textile and dyeing 
industry has shown 
dramatic growth alongside 
synthetic chemistry in the 
last century. With increased 
operations and economic 

importance, challenges also emerged, including environmental pollution, work 
safety, and consumer health. Hence, a change of perspectives in the industry is on 
the rise, and environmentally-friendly solutions for safer processes and more 
circularity are urgently sought-after. A possible solution for the pressing issue of 
textile dyeing is found in the use of natural colourants obtained in fermentation 
processes. The structural diversity of biogenic dyes is potentially high enough to 
pose an alternative on a broad front. Matching fundamental properties concerning 
dyeing, (bio)synthesis and toxicity give an impression of the advantages of 
developing this natural alternative. In this contribution, a comparison between 
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biologically-derived dyes and their synthetic counterparts is conducted on several 
levels. The most important topics for the future are outlined. Significant challenges 
and potential solutions that limit the implementation of biogenic dyes into the 
textile dyeing value chain are discussed. Biotechnology offers numerous methods 
to increase reliable production or engineer molecular properties elegantly. The 
biggest advantage from a Green Chemistry perspective is the possibility to switch 
to renewable starting materials and obtain more biodegradable dyes. A more 
sustainable alternative in textile dyeing is afoot. It needs to be embraced and 
developed to provide the world population with a sustainable way into the future. 

Enzymatic degradation of synthetic polyisoprenes via surfactant-free polymer 
emulsification 

Green Chem., 2021, 23, 9433-9438. https://doi.org/10.1039/D1GC03515K 
Polyisoprene is the principal component of natural 
rubber and of many types of rubber also used in car 
tires, for example. Up until now, it has only been 
possible to degrade polyisoprene, with a 
composition similar to naturally occurring rubber. 
The present research provides important insights 
toward a circular economy. Enzymes are capable of 
degrading synthetic polyisoprene. The authors 
reported the enzymatic degradation of a synthetic 

polyisoprene with a cis : trans ratio of 56 : 27 for the first time. Utilizing a 
bioinspired surfactant-free emulsification strategy in water resulted in 
substantially increased enzymatic activities with the latex clearing protein LcpK30. 

A dual cellular–heterogeneous catalyst strategy for the production of olefins from 
glucose 

Nat. Chem., 2021, 13, 1178–1185.  
https://doi.org/10.1038/s41557-021-00820-0 

Living systems provide a 
promising approach to 
chemical synthesis, having 
been optimized by 
evolution to convert 
renewable carbon sources, 
such as glucose, into an 
enormous range of small 
molecules. However, a 

large number of synthetic structures can still be difficult to obtain solely from cells, 

https://doi.org/10.1039/D1GC03515K
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such as unsubstituted hydrocarbons. In this work, we demonstrate the use of a 
dual cellular–heterogeneous catalytic strategy to produce olefins from glucose 
using a selective hydrolase to generate an activated intermediate that is readily 
deoxygenated. Using a new family of iterative thiolase enzymes, we genetically 
engineered a microbial strain that produces 4.3 ± 0.4 g l−1 of fatty acid from glucose 
with 86% captured as 3-hydroxyoctanoic and 3-hydroxydecanoic acids. This 
3-hydroxy substituent serves as a leaving group that enables heterogeneous 
tandem decarboxylation–dehydration routes to olefinic products on Lewis acidic 
catalysts without the additional redox input required for enzymatic or chemical 
deoxygenation of simple fatty acids. 

Large-scale fabrication of structurally coloured cellulose nanocrystal films and 
effect pigments 

Nat. Mater., 2021, Online ahead of print. 
https://doi.org/10.1038/s41563-021-01135-8 

Cellulose nanocrystals are renewable plant-based colloidal particles capable of 
forming photonic films by solvent-evaporation-driven self-assembly. So far, the 
cellulose nanocrystal self-assembly process has been studied only at a small scale, 
neglecting the limitations and challenges posed by the continuous deposition 

https://doi.org/10.1038/s41563-021-01135-8
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processes that are required to exploit this sustainable material in an industrial 
context. Here, we addressed these limitations by using roll-to-roll deposition to 
produce large-area photonic films, which required optimization of the formulation 
of the cellulose nanocrystal suspension and the deposition and drying conditions. 
Furthermore, we showed how metre-long structurally coloured films can be 
processed into effect pigments and glitters that are dispersible, even in 
water-based formulations. These promising effect pigments are an industrially 
relevant cellulose-based alternative to current products that are either 
micro-polluting (for example, non-biodegradable microplastic glitters) or based on 
carcinogenic, unsustainable or unethically sourced compounds (for example, 
titania or mica) 
 

Biomass conversion 

Toward low-cost biological and hybrid biological/catalytic conversion of cellulosic 
biomass to fuels 

Energy Environ. Sci., 2022, Advance Article. https://doi.org/10.1039/D1EE02540F 
The production of liquid transport fuels from lignocellulose has long been 
pursued via biochemical conversion, yet production at costs competitive with 
conventional alternatives has yet to be achieved. Here, we offer an overview of 
research advances in the field as well as two key points: (1) there are alternative 
processing paradigms that have the potential to produce low molecular weight 
fuels or fuel precursors at much lower cost than the conventional paradigm based 
on thermochemical pretreatment and added cellulase, and (2) catalytic conversion 
of low molecular weight intermediates, notably ethanol, to hydrocarbon fuels is a 
promising approach to bridge the current gap between the fuel molecules that are 
most readily biologically produced and the fuel molecules that the world would 
most value producing from biomass. 

Upcycling agricultural waste into membranes: from date seed biomass to oil and 
solvent-resistant nanofiltration 

Green Chem., 2022, 24, 365-374 
https://pubs.rsc.org/en/content/articlelanding/2022/GC/D1GC03410C 

Membranes hold a great promise 
for replacing energy-intensive 
separations across various 
industrial sectors. However, 
membrane production heavily 
relies on petrochemical-based 

https://doi.org/10.1039/D1EE02540F
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raw materials; the need for greener membranes is a challenge that is yet to be 
solved. In this work, we solubilized date seed biomass (abundantly available from 
the multimillion-metric-ton date industry) using ionic liquids and dimethyl 
sulfoxide (which are greener than traditional organic solvents) to fabricate 
biodegradable nanofiltration membranes. The resultant membranes were coated 
with mussel-inspired polydopamine (PDA) via a layer-by-layer deposition method. 
The obtained membranes demonstrated excellent performance for organic solvent 
nanofiltration (OSN) and oil-in-water separation. The deposition time and the 
number of PDA layers correlated with the molecular sieving performance of the 
membranes and allowed the fine-tuning of the molecular weight cutoff (MWCO). 
The best-performing membrane exhibited an acetonitrile permeance of 7.8 L m−2 
h−1 bar−1 and a 96% rejection of acid fuchsin (585 g mol−1). Moreover, an 
oil-removal efficiency of up to 97% was achieved with a water permeance of 5.7 L 
m−2 h−1 bar−1. The prepared membranes showed excellent stability for over seven 
days in continuous nanofiltration tests. The biodegradability of the membranes 
was demonstrated in an aqueous cellulase solution. Our work offers a sustainable 
production of waste biomass-based membranes for liquid-separation applications. 

Ambient-pressure lignin valorization to high-performance polymers by intensified 
reductive catalytic deconstruction 

Sci. Adv., 2022, 8:eabj7523. https://www.science.org/doi/10.1126/sciadv.abj7523 
Chemocatalytic lignin valorization 
strategies are critical for a sustainable 
bioeconomy, as lignin, especially 
technical lignin, is one of the most 
available and underutilized aromatic 
feedstocks. Here, we provide the first 
report of an intensified reactive 
distillation–reductive catalytic 
deconstruction (RD-RCD) process to 
concurrently deconstruct technical 

lignins from diverse sources and purify the aromatic products at ambient pressure. 
We demonstrate the utility of RD-RCD bio-oils in high-performance additive 
manufacturing via stereolithography 3D printing and highlight its economic 
advantages over a conventional reductive catalytic fractionation/RCD process. As 
an example, our RD-RCD reduces the cost of producing a biobased 
pressure-sensitive adhesive from softwood Kraft lignin by up to 60% in comparison 
to the high-pressure RCD approach. Last, a facile screening method was developed 
to predict deconstruction yields using easy-to-obtain thermal decomposition data. 

https://www.science.org/doi/10.1126/sciadv.abj7523
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This work presents an integrated lignin valorization approach for upgrading 
existing lignin streams toward the realization of economically viable biorefineries. 

Analytical Chemistry 
Adipogenic Activity of Chemicals Used in Plastic Consumer Products 

Environ. Sci. Technol. 2022, 56, 4, 2487–2496 
https://pubs.acs.org/doi/10.1021/acs.est.1c06316 

Bisphenols and phthalates, 
chemicals frequently used in 
plastic products, promote 
obesity in cell and animal 
models. However, these 
well-known metabolism- 
disrupting chemicals (MDCs) 
represent only a minute 

fraction of all compounds found in plastics. To gain a comprehensive 
understanding of plastics as a source of exposure to MDCs, we characterized the 
chemicals present in 34 everyday products using nontarget high-resolution mass 
spectrometry and analyzed their joint adipogenic activities by high-content 
imaging. We detected 55,300 chemical features and tentatively identified 629 
unique compounds, including 11 known MDCs. Importantly, the chemicals 
extracted from one-third of the products caused murine 3T3-L1 preadipocytes to 
proliferate, and differentiate into adipocytes, which were larger and contained 
more triglycerides than those treated with the reference compound rosiglitazone. 
Because the majority of plastic extracts did not activate the peroxisome 
proliferator-activated receptor γ and the glucocorticoid receptor, the adipogenic 
effects are mediated via other mechanisms and, thus, likely to be caused by 
unknown MDCs. Our study demonstrates that daily-use plastics contain potent 
mixtures of MDCs and can, therefore, be a relevant yet underestimated 
environmental factor contributing to obesity. 

Plastic classification via in-line hyperspectral camera analysis and unsupervised 
machine learning 

Vib. Spectrosc., 2022,118: 103329. https://doi.org/10.1016/j.vibspec.2021.103329 
An increase in the quality of recycled plastic is paramount to address the global 
plastic challenge and applicability of recycled plastics. A potent approach is 
mechanical plastic sorting but sufficient analytical techniques are needed. This 
study applies unsupervised machine learning on short wave 
infrared hyperspectral data to build a model for classification of plastics. The 

https://pubs.acs.org/doi/10.1021/acs.est.1c06316
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model can successfully distinguish between twelve plastics (PE, PP, PET, PS, PVC, 
PVDF, POM, PEEK, ABS, PMMA, PC, and PA12) and the utility is further proven by 
recognizing three unknown samples (PS, PMMA, PC). The experimental setup is 
constructed similar to an in-line industrial setup, and the machine learning is 
optimized for minimal data processing. This ensures the industrial relevance and is 
a stepping-stone to solve the global plastic challenge. 

Steam disinfection releases micro(nano)plastics from silicone-rubber baby teats as 
examined by optical photothermal infrared microspectroscopy 

Nat Nanotechnol., 2022, 17, 76-85..  
https://doi.org/10.1038/s41565-021-00998-x 

Silicone-rubber baby teats used to bottle-feed infants are frequently disinfected by 
moist heating. However, infant exposure to small microplastics (<10 μm) 
potentially released from the heated teats by hydrothermal decomposition has not 
been studied, owing to the limitations of conventional spectroscopy in visualizing 
microplastic formation and in characterizing the particles at the submicrometre 
scale. Here both the surfaces of silicone teats subjected to steam disinfection and 
the wash waters of the steamed teats were analysed using optical-photothermal 
infrared microspectroscopy. This new technique revealed submicrometre-resolved 
steam etching on and chemical modification of the teat surface. Numerous flake- 
or oil-film-shaped micro(nano)plastics (MNPs) (in the size range of 0.6–332 μm) 
presented in the wash waters, including cyclic and branched polysiloxanes or 
polyimides, which were generated by the steam-induced degradation of the base 
polydimethylsiloxane elastomer and the polyamide resin additive. The results 
indicated that by the age of one year, a baby could ingest >0.66 million 
elastomer-derived micro-sized plastics (MPs) (roughly 81% in 1.5–10 μm). Global 
MP emission from teat disinfection may be as high as 5.2 × 1013 particles per year. 
Our findings highlight an entry route for surface-active silicone-rubber-derived 
MNPs into both the human body and the environment. The health and 
environmental risks of the particles are as yet unknown. 

 

Water Treatment 
Nanobioremediation: A sustainable approach for the removal of toxic pollutants 

https://doi.org/10.1038/s41565-021-00998-x
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from the environment 
J. Hazard. Mater. , 2022, 427: 128033. 
https://doi.org/10.1016/j.jhazmat.2021.128033 

In recent years, the proportion 
of organic and inorganic 
contaminants has increased 
rapidly due to growing human 
interference and represents a 
threat to ecosystems. The 
removal of these toxic 
pollutants from the 
environment is a difficult task. 

Physical, chemical and biological methods are implemented for the degradation of 
toxic pollutants from the environment. Among existing technologies, 
bioremediation in combination with nanotechnology is the most promising and 
cost-effective method for the removal of pollutants. Numerous studies have 
shown that exceptional characteristics of nanomaterials such as improved catalysis 
and adsorption properties as well as high reactivity have been subjects of great 
interest. There is an emerging trend of employing bacterial, fungal and algal 
cultures and their components, extracts or biomolecules as catalysts for the 
sustainable production of nanomaterials. They can serve as facilitators in the 
bioremediation of toxic compounds by immobilizing or inducing the synthesis of 
remediating microbial enzymes. Understanding the association between 
microorganisms, contaminants and nanoparticles (NPs) is of crucial importance. In 
this review, we focus on the removal of toxic pollutants using the cumulative 
effects of nanoparticles with microbial technology and their applications in 
different domains. Besides, we discuss how this novel nanobioremediation 
technique is significant and contributes towards sustainability. 

Persistence of SARS-CoV-2 RNA in wastewater after the end of the COVID-19 
epidemics 

J. Hazard. Mater. , 2022, 429: 128358. 
https://doi.org/10.1016/j.jhazmat.2022.128358 
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Although the severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) has been widely detected in wastewater in 
many countries to track the COVID-19 pandemic development, it is still a lack of 
clear understanding of the persistence of SARS-CoV-2 in raw sewage, especially 
after the end of the COVID-19 pandemic event. To fill this knowledge gap, this 
study conducted a field trial on the SARS-CoV-2 presence in various wastewater 
facilities after the end of the COVID-19 epidemics in Beijing. The result showed 
that the wastewater treatment facility is a large SARS-CoV-2 repository. The viral 
RNA was still present in hospital sewage for 15 days and was continually detected 
in municipal WWTPs for more than 19 days after the end of the local COVID-19 
epidemics. The T90 values of the SARS-CoV-2 RNA in raw wastewater were 
17.17-8.42 days in the wastewater at 4。C and 26。C, respectively, meaning that the 
decay rates of low titer viruses in raw sewage were much faster. The results 
confirmed that the SARS-CoV-2 RNA could persist in wastewater for more than two 
weeks, especially at lower temperatures. The sewage systems would be a virus 
repository and prolong the presence of the residual SARS-CoV-2 RNA. The study 
could enhance further understanding of the presence of SARS-CoV-2 RNA in raw 
wastewater. 

Monopersulfate in water treatment: Kinetics 
J. Hazard. Mater. , 2022, 430: 128383. 
https://doi.org/10.1016/j.jhazmat.2022.128383 

The kinetics of monopersulfate based systems in 
the elimination of potential harmful 
contaminants has been assessed from a 
theoretical point of view. A detailed reaction 
mechanism sustained in the generation of 
radicals (mainly hydroxyl and sulfate), 
propagation and termination stages has been 
proposed. The system of first order differential 

equations derived has numerically been solved. The effect of main influencing 
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parameters such as contaminant and peroxymonosulfate initial concentrations, 
intermediate generation, presence of organic matter, role played by anions, has 
been theoretically obtained. Discussion of simulated results has been 
accomplished by comparison with experimental data found in the literature. At the 
sight of the theoretical and empirical data, use of simplistic pseudo first order 
kinetics is discouraged. Despite considering a significant number of elemental 
reactions, modelling of the system reveals that a high fraction of them can be 
neglected due to their insignificant role played in the mechanism. The entire 
mechanism has been tested when peroxymonosulfate has been activated by UV 
radiation, although results can be fairly extrapolated to other activation strategies. 
Finally, a generic model capable of accounting for the effect of a diversity of 
parameters is proposed. No theoretical background is behind the model, however 
the generic model clearly improves the results obtained by simple first order 
kinetics. 
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