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主編的話 

台灣自然資源不足，7 成仰賴國外進口，金屬礦（100%）、非金屬礦（23.5%）、

化石燃料（99.8%）與生物質（66.1%）均來自進口，資源供應風險可能造成經

濟負擔。又因我國地理條件限制，環境承載能力有限，為使資源有效循環利用，

減少廢棄物產生與環境負荷，如何推動未來資源循環是我們必須去思考的一個重

要課題。 

因此在本期內容中介紹了一些跟資源循環有關之報導，如洛桑聯邦理工學院的研

究人員，找到了一種方法將塑膠在生物體之外利用酵素選擇蛋白質將它們分解成

氨基酸。然後將氨基酸放入一個無細胞生物系統中，該系統將氨基酸組裝回具有

完全不同結構和應用的新蛋白質(第六頁)。另外，來自蘭卡斯特大學的工程師發

現了一種利用核廢料產生的輻射來生產可再生生物燃料添加劑的方法。此方法結

合了電離輻射從廢甘油中製造原材料的技術可以使核能的使用更多樣化，並且還

可以對生物柴油廢物進行有價值的利用(第六頁)。此外來自河南理工大學的研究

團隊開發了一種從陰極射線管 (CRT) 漏斗玻璃中提取重金屬氧化物（PbO、BaO 

和 SrO）的創新和可持續方法。在室溫下使用乙二胺四乙酸（EDTA）作為萃取

劑，通過可持續的濕球磨工藝（取代傳統的強酸）從相分離產物中有效地回收重

金屬氧化物(第二十八頁)。 

另外在本期通訊的 News 中較令人注目的是大陸學者在澱粉人工合成方面取得

突破性進展，首次實現二氧化碳到澱粉的從頭合成，相關成果發表在國際學術期

刊《科學》上。他們從頭設計出 11 步主反應的非自然二氧化碳固定與人工合成

澱粉新途徑，在實驗室中首次實現從二氧化碳到澱粉分子的全合成。研究團隊採

用一種類似“搭積木”的方式利用化學催化劑將高濃度二氧化碳在高密度氫能
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作用下還原成碳一（C1）化合物，然後通過設計構建碳一聚合新酶，依據化學聚

糖反應原理將碳一化合物聚合成碳三（C3）化合物，最後通過生物途徑優化，將

碳三化合物聚合成碳六（C6）化合物，再進一步合成直鏈和支鏈澱粉(第九頁)。

因此後學也提及了一些相關將二氧化碳轉換成有用的有機分子之相關工作。如日

本的研究人員開發了一種溫和的方法將二氧化碳變成具功能性的 MOFs 材料(第

九頁)。另外來自中國的研究團隊也開發了一種鹼性的聚離子液體能將二氧化碳

轉換成碳酸酯化合物(第二十三頁)。而來自中國科學院的學者則是開發了一種在

水溶液中能將二氧化碳變成吡啶分子的方法，不需金屬，且條件相當溫和(第二

十四頁)。 

今年的諾貝爾化學獎頒給了不對稱有機催化研究，是除了金屬催化和酵素催化外，

屬於第三種催化系統，建立在小型有機分子上。有機催化劑有幾個重要的優勢: 

價格低廉、便於使用及無毒。另外對水分和氧氣較不敏感，符合了綠色化學的概

念。有機催化可以用來驅動多種化學反應，利用這些反應, 研究人員現在可以更

有效地構建任何新藥到能在太陽能電池捕捉光的分子，這給人類帶來了最大的利

益。而在 2001、2005 及 2010 年的諾貝爾化學獎也都頒給了金屬催化的研究，

這些結果在在顯示若是大家能遵循綠色化學的宗旨，逐步改進目前的原料、製程、

能源，懷抱著永續經營的理念，可以讓化學帶給未來更好的生活。 
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Enhancing Research Productivity Through Student-Led Laboratory Safety Teams 

  Thursday, November 4, 2021 @ 2-3pm ET 

https://www.acs.org/content/acs/en/acs-webinars.html 

Bringing Systems Thinking into the Classroom 

  Thursday, November 11, 2021 @ 2-3pm ET 

https://www.acs.org/content/acs/en/acs-webinars.html 

New Polymers in Space 

Wednesday, November 17, 2021 @ 2-3:30pm ET 

https://www.acs.org/content/acs/en/acs-webinars.html 

Conferences 

Pacifichem 2021 

December 16-21, 2021, Honolulu, USA 

https://pacifichem.org/ 

Fundamental and Applied Electrochemistry in Analytical, Nanoscale and Energy 

January 8-9, 2022, Ventura, CA, US  

https://www.grc.org/electrochemistry-grs-conference/2022/ 

The Florida Heterocyclic and Synthetic Chemistry Conference 

March 6-9, 2022, Orlando, USA, North America 

https://www.flohet.com/ 

International Conference on Materials Science and Engineering 

March 19-21, 2022, Shanghai, China, Asia 

http://www.icomse.org/ 
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of organic solar cells and shown a way that this hurdle might be overcome 

 The international group 

of researchers, led by the 

University of Cambridge, 

identified a loss pathway 

in organic solar cells 

which makes them less 

efficient than silicon-

based cells at converting 

sunlight into electricity. In 

addition, they identified a 

way to supress this 

pathway by manipulating 

molecules inside the solar 

cell to prevent the loss of 

electrical current through 

an undesirable state, 

known as a triplet exciton. 

Their results, reported in the journal Nature, suggest that it could be possible for 

organic solar cells to compete more closely with silicon-based cells for efficiency. 

https://www.sciencedaily.com/releases/2021/09/210929112803.htm 

Engineers introduce a new approach for recycling plastics 

Each human being uses, on average, 30 kg of plastic per year. Given that global life 

expectancy currently stands at approximately 70 years, each person will discard 

some two metric tons of plastic in his or her lifetime. Multiply that by the number 

people on earth -- which is growing constantly -- and the total is staggering. In light 

of this, Francesco Stellacci, a full professor and head of the Supramolecular 

Nanomaterials and Interfaces Laboratory at EPFL's School of Engineering, began 

thinking about whether there was a way to solve the problem of used plastics and 

recycle it more effectively. Stellacci established a collaboration with Prof. Sebastian 
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J. Maerkl in the Bioengineering Institute at EPFL and they decided to co-advise a PhD 

student, Simone Giaveri, the team has published its conclusions, based on scientific 

research, in Advanced Materials. 

https://www.sciencedaily.com/releases/2021/09/210923122410.htm 

Engineers discover way to turn organic waste into renewable biofuel additives 

using radiation 

 Engineers at 

Lancaster 

University have 

led research 

that discovers a 

way to 

generate 

renewable 

biofuel 

additives, using 

radiation that 

could be 

derived from 

nuclear waste. 

The renewable 

proportion of petrol is set to increase to 20 per cent over the coming years, meaning 

the discovery of a new production pathway for these additives could help in the 

fight to cut carbon dioxide emissions and tackle climate change. 

In the research paper entitled 'Nuclear-driven production of renewable fuel 

additives from waste organics', published in the science journal Communications 

Chemistry, engineers propose a process to generate one such additive, solketal, 

using waste from both biochemical and nuclear industries -- termed a nuclear 

biorefinery. 

https://www.sciencedaily.com/releases/2021/09/210922121913.htm 
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 Metal organic 

frameworks 

(MOFs) are a 

promising class 

of materials 

that have many 

applications as 

catalysts, 

sensors and for 

gas storage. Widely studied over the past two decades, MOFs are typically produced 

using chemical processes that require high heat and high pressure. 

Now, University of Delaware chemists Joel Rosenthal and Eric Bloch report that it 

is possible to produce iron-based MOF materials directly using renewable electricity 

at room temperature. 

The UD-developed method is 96% efficient in using electricity to form the MOF 

materials quickly, reliably and inexpensively. The UD researchers reported the 

advance in a new paper published in ACS Central Science, a journal of the American 

Chemical Society. 

https://www.sciencedaily.com/releases/2021/09/210908180547.htm 

 A rare feat: Material protects against both biological and chemical threats 

 A Northwestern University 

research team has developed a 

versatile composite fabric that 

can deactivate both biological 

threats, such as the novel 

coronavirus that causes COVID-

19, and chemical threats, such 

as those used in chemical 

warfare. A material that is 

effective against both classes of 

threats is rare. The researchers 

found that the MOF/fiber 

composite exhibited rapid 

activity against SARS-CoV-2 and 

both gram-negative bacteria (E. 

coli) and gram-positive bacteria (S. aureus). Also, the active chlorine-loaded 

MOF/fiber composite rapidly degraded sulfur mustard gas and its chemical simulant 

(2-chloroethyl ethyl sulfide, CEES). The nanopores of the MOF material coated on 
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the textile are wide enough to allow sweat and water to escape. The researchers 

also were able to develop an understanding of the material’s active sites down to 

atomic level. This allows them and others to derive structure-property relationships 

that can lead to the creation of other MOF-based composites. 

https://www.chemeurope.com/en/news/1173080/a-rare-feat-material-protects-

against-both-biological-and-chemical-threats.html 

 

 Simple method for converting carbon dioxide into useful compounds 

 Researchers in Japan 

have found an energy-

efficient way to convert 

the chief greenhouse 

gas carbon dioxide (CO2) 

into useful chemicals. 

Using the method, CO2 is 

transformed into 

structures called metal-

organic frameworks 

(MOFs), suggesting a new and simpler   route to dispose of the greenhouse gas to 

help tackle global warming.  

The research was carried out by scientists at the Institute for Integrated Cell-

Material Sciences (iCeMS), Kyoto University, and colleagues, and the results are 

published in the Journal of the American Chemical Society.. 

https://www.chemeurope.com/en/news/1173054/simple-method-for-converting-

carbon-dioxide-into-useful-compounds.html 

Starch synthesis from carbon dioxide 

 Chinese scientists recently 

reported a de novo route for 

artificial starch synthesis from 

carbon dioxide (CO2) for the 

first time. Relevant results 

were published in Science on 

Sept. 24. 

The new route makes it 

possible to shift the mode of 

starch production from traditional agricultural planting to industrial manufacturing, 

and opens up a new technical route for synthesizing complex molecules from CO2. 

https://www.chemeurope.com/en/news/1172874/starch-synthesis-from-carbon-
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dioxide.html 

 

Cheaper Hydrogen Production 

 A team led by Shuyan 

Gao (Henan Normal 

University, China) and 

Xiong Wen (David) Lou 

(Nanyang Technological 

University, Singapore) 

has now developed a 

novel, inexpensive, 

multifunctional 

electrode material 

based on cobalt (Co) 

and nickel (Ni) for 

efficient electrocatalytic hydrogen production. To make the material, nanospheres 

made of cobalt–nickel–glycerate are subjected to combined hydrothermal 

sulfidation and gas-phase phosphorization. This forms objects called yolk-shell 

nanoparticles made of phosphorus-doped cobalt–nickel–sulfide (P-CoNi2S4). These 

are tiny spheres with a compact core and a porous shell with a space in between—

much like an egg whose yolk is surrounded by the egg white and so does not touch 

the shell.  

 Both water and urea electrolysis require comparatively low cell voltage (1.544 V or 

1.402 V, respectively, at 10 mA cm–2 over 100 hours). This makes the new bimetallic 

yolk-shell particles superior to most known nickel–sulfide- and even precious-metal-

based electrocatalysts. They present a promising approach for electrochemical 

hydrogen production, as well as for the treatment of urea-containing wastewater. 

https://www.chemeurope.com/en/news/1172680/cheaper-hydrogen-

production.html 
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 The current global climate 

emergency and our rapidly 

receding energy resources 

have people looking out for 

cleaner alternatives like 

hydrogen fuel. When burnt 

in the presence of oxygen, 

hydrogen gas generates 

huge amounts of energy 

but none of the harmful 

greenhouse gases, unlike 

fossil fuels. Unfortunately, 

most of the hydrogen fuel 

produced today comes 

from natural gas or fossil 

fuels, which ultimately increases its carbon footprint. 

 In a recent study published in ACS Catalysis, a team of researchers from Tokyo Tech 

led by Associate Professor Masaaki Kitano described a solution to overcome the 

issues faced by Ni-based catalysts. They developed a state-of-the-art calcium imide 

(CaNH)-supported Ni-catalyst that can achieve good ammonia conversion at lower 

operating temperatures. Dr. Kitano explains, “Our aim was to develop a highly active 

catalyst that would be energy efficient. Our addition of the metal imide to the 

catalyst system not only improved its catalytic activity but also helped us unravel the 

elusive working mechanism of such systems.” 

https://www.chemeurope.com/en/news/1172538/breaking-ammonia-a-new-

catalyst-to-generate-hydrogen-from-ammonia-at-low-temperatures.html  
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Teaching Sustainability and Environmental Justice in Undergraduate Chemistry 

Courses 

J. Chem. Educ. 2021, ASAP. 

 https://pubs.acs.org/doi/10.1021/acs.jchemed.1c00412 

 This article examines the intersection of 

environmental justice and 

undergraduate chemistry education through a 

review of existing publications that highlight 

successful strategies for chemistry educators 

interested in incorporating environmental 

justice into their classrooms. It emphasizes the 

key roles of racial and social justice in the 

Environmental Justice movement and their 

connection to the shift toward diversity, equity, 

inclusion, and respect in chemistry education 

today. Five co-operative educational strategies 

are exemplified through established project- 

and problem-based learning examples, which include class-level as well as department 

and community-level projects. These projects demonstrate how 

powerful chemical content knowledge, socio-philosophical framing, eco-reflexivity, 

sustainable schooling and living, and student experience and engagement can all 

contribute to the successful teaching of environmental justice in chemistry. On the 

basis of its interdisciplinary nature, incorporating environmental justice involves 

providing the opportunity for students to develop their social agency and holding 

space and respect for those who have different cultural identities and/or come from 

historically marginalized backgrounds. The enrichment of 

existing chemistry curriculum through topics of environmental justice contributes to 

the achievement of the overall goal to graduate responsible, ethical, and 

compassionate members of the community from educational institutions. 
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J. Chem. Educ. 2021, 98, 1–6. 

https://doi.org/10.1021/acs.jchemed.0c01459 

  The Journal of Chemical Education’s Special Issue on Chemical Safety Education: 

Methods, Culture, and Green Chemistry is a collection of 38 peer-reviewed papers on 

the topic of chemical safety education. The papers in the Special Issue are broadly 

distributed among Resources, Green Chemistry, Safety Culture, and Pedagogy. 

  In “Safe and Sustainable Chemistry Activities: Fostering a Culture of Safety in K–12 

and Community Outreach Programs”, Cannon et al. model several examples of how 

green chemistry is used as a platform for safe outreach in K–12 and college settings. 

The motivating goals are to attract students to the science, technology, engineering, 

and math (STEM) fields through illustration of chemistry’s role in a safe and sustainable 

future. (DOI: 10.1021/acs.jchemed.0c00128) 

  Ang shares a unique laboratory experiment that provides a hands-on demonstration 

of the use, recovery, and recycling of a fluorous palladium precatalyst in a Suzuki–

Miyaura cross-coupling reaction (“Integrating Green Chemistry into Teaching 

Laboratories: Aqueous Suzuki–Miyaura Cross-Coupling Reaction Using a Recyclable 

Fluorous Precatalyst”). Incorporation into an upper-division medicinal chemistry 

course demonstrated student success in performing two sequential coupling reactions, 

the first in a multioutcome format, and the second in the synthesis of a drug precursor, 

using the same recovered catalyst. Multiple green chemistry concepts are 

incorporated, and safety benefits are highlighted. (DOI: 10.1021/acs.jchemed.0c00072) 

 

 

Green Perspectives 

Cross-Linked Porous Polymers as Heterogeneous Organocatalysts for Task-Specific 

Applications in Biomass Transformations, CO2 Fixation, and Asymmetric Reactions 
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ACS Sustainable Chem. Eng. 2021, 9, 12431–12460. 

https://pubs.acs.org/doi/10.1021/acssuschemeng.1c01537   

  Metal-free 

catalysis is 

particularly 

challenging in 

the context of 

green and 

sustainable 

chemistry. High 

toxicity 

associated with 

the leaching of 

the metals 

from the catalysts has notorious environmental impact. To surmount such an effect, 

homogeneous organocatalysis can provide a green and alternative protocol. 

However, it suffers the drawbacks of low activity and selectivity, because of the 

neighboring effect of the solvent, and it is devoid of recyclability for sustainable 

operations. To address such issues, solid-supported heterogeneous organocatalysts 

are developed, and these have been attracting increasing interest over the years. 

Multifunctional porous organic materials are very demanding in catalysis, because 

of their robustness in the structure involving strong covalent bonds between organic 

building blocks. Furthermore, their high specific surface area, topological diversity, 

and finely dispersed catalytic sites in nanoscale could make these porous organic 

materials as excellent scaffold for several task-specific applications. Lightweight and 

high inherent porosity, as well as structural stability with tenability of the active 

functional groups, have reinforced their tremendous potential as solid 

organocatalyst. In this Perspective, we highlight the latest advancements in metal-

free cross-linked amorphous porous organic polymers (POPs) and crystalline 

covalent organic frameworks (COFs), their design principle to incorporate catalytic 

sites for major applications such as biomass conversion, biofuel synthesis, 

asymmetric organocatalysis, and CO2 fixation reactions. Several renewable and 

sustainable catalytic transformations could be achieved via environmentally benign 

pathways through this alternative metal-free approach. 

 

Technical Lignin Valorization in Biodegradable Polyester-Based Plastics (BPPs) 

ACS Sustainable Chem. Eng. 2021, 9, 12017–12042. 
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https://pubs.acs.org/doi/10.1021/acssuschemeng.1c03705    

Synthetic plastics have been reshaping the planet since the early 20th century. 

They have brought plenty of conveniences to our lives; meanwhile, plastic wastes 

discarded into the environment are resistant to biodegradation, accumulating in soil, 

water, and even in organisms. Biodegradable polyester-based plastics (BPPs), such 

as polylactic acid (PLA), poly(butylene adipate-co-terephthalate) (PBAT), 

poly(butylene succinate) (PBS), polycaprolactone (PCL), and poly(β-hydroxybutyric 

acid) (PHB) are considered to be ecofriendly and sustainable alternatives and have 

thrived rapidly in the past few decades. However, the applications of BPPs have been 

limited by their high prices compared to conventional plastics, while blending with 

low-cost fillers has been deemed to be a facile and efficient solution to the foregoing 

issues. Technical lignin, a class of biodegradable aromatic polymers, has been 

extracted/isolated at a large scale as a coproduct in the conventional paper-making 

and the emerging lignocellulosic biorefinery industries. The economically 

competitive BPP composites reinforced by coproduct lignin could not only facilitate 

the lignin valorization but also improve the economic viability of the lignocellulosic 

biorefinery. At present, the key obstacle lies in the incompatibility between lignin 

and BPPs resulting from self-aggregation and thermal condensation of lignin due to 

its polyhydroxy aromatic structures. Herein, we overviewed a series of effective 

approaches to promote the interaction between lignin and BPPs by adding 

plasticizers and blocking the hydroxyl groups. Furthermore, lignin can act as 

functional fillers endowing lignin/BPP composites favorable versatilities and 

expanding their applications in the fields of flame retardant packaging, food 

packaging, medical materials, outside packaging, and mulching films. In the end, we 

review the developments of lignin/BPP blending composites in the future and 

propose current problems that need to be solved. 
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From Lab to Market: Current Strategies for the Production of Biobased Polyols 

ACS Sustainable Chem. Eng. 2021, 9, 10664–10677.  

https://pubs.acs.org/doi/10.1021/acssuschemeng.1c02361    

 The global 

market for 

polyols was 

US$26.2 

billion in 

2019 and is 

expected to 

grow up to 

US$34.4 

billion by 

2024. Polyols are most commonly employed as the main component in the synthesis 

of polyurethanes, which is the sixth most important polymer family produced with 

a global production that reached around 22 Mt in 2019. In the interest of improving 

the sustainability of the polyurethane industry, for more than a decade the market 

has undergone a shift toward biobased polyols made from renewable resources. For 

this reason, the demand of biobased polyols has grown rapidly and offers new 

opportunities to valorize biomass into technical grade polyols for the polyurethane 

industry. This Perspective aims to summarize current strategies to produce polyols 

from biomass and the problems associated with their market implementation. 

Different natural resources, including lignocellulose, lipids, or carbohydrates for the 

synthesis of biobased polyester- or polyether-based polyols and polyphenols will be 

reviewed. Subsequently, the gaps that are currently preventing the transition from 

academic laboratories to industrial plants will be commented upon, highlighting in 

particular the use of nonscalable chemical transformations and the lack of 

competitive biobased raw material suppliers. Finally, a case study of the issues 

associated with the scale-up process of novel biobased polyols will be discussed in 

detail. 

Innovative and Economically Beneficial Use of Corn and Corn Products in 

Electrochemical Energy Storage Applications 

ACS Sustainable Chem. Eng. 2021, 9, 10678–10703. 

https://pubs.acs.org/doi/10.1021/acssuschemeng.1c02613   
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 The United 

States is by far 

the largest corn 

producer 

worldwide, with 

corn yields 

steadily 

increasing for 

the past decades. In many midwestern U.S. states such as Iowa, Illinois, and 

Nebraska, corn farmers currently grow more corn than consumers can utilize as 

human food or animal feed. To sustain the economic viability of corn farmers, it is 

critical that new uses and markets for corn, corn byproducts from harvesting, corn 

industrial products, and corn byproducts from industrial processing should be 

discovered, giving the highest return to corn producers. With the increasing 

popularity of electric vehicles and grid-level energy storage systems for renewable 

energy, there has been an ever-growing interest in improving existing energy storage 

technologies as well as developing new ones. During this development, a great 

amount of effort has been focused on exploiting cost-effective solutions utilizing 

sustainable materials derived from renewable biomass. In this Perspective, 

innovative and economically beneficial uses of corn and corn products in various 

energy storage applications, such as lithium-ion batteries, solid-state batteries, and 

redox flow batteries, are looked at comprehensively, which may shed light on how 

to establish an environmentally sustainable, technically feasible, and economically 

beneficial solution to support the corn industry. 

 

Furan platform chemicals beyond fuels and plastics 

Green Chem. 2021, 23, 7458-7487. https://doi.org/10.1039/D1GC02402G 

 Herein, some 

perspective on the 

metamorphosis that 

has already begun to 

take place in 

substantial parts of 

the chemical 

industry, i.e., a switch from traditional resources such as crude oil to biomass. This 

change requires the workhorse of chemical reactants and petroleum refineries to be 

replaced with biorefineries. The present perspective offers a brief look at the 

manufacture and uses of furan platform chemicals (FPCs) directly available from 

biomass (furfural and 5-hydroxy-methylfurfural). Next, we discuss the difficulties 
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encountered when a secondary FPC, 2,5-furandicarboxylic acid, moves from the lab to 

large-scale manufacture. The main purpose of the present article is to show the 

spectacular range of compounds that can be economically synthesized from 

biomass via FPCs. The fate of selected FPCs and their potential are shown herein as an 

example only, where many more simple or complex chemicals can be obtained. We 

believe that there are excellent applications of bio-based materials besides the broadly 

promoted manufacture of fuels and monomers. This perspective looks at the types of 

reactions applicable to FPCs and a variety of methods for the synthesis of chiral furans. 

 

Catalysts 

Porous organic polymers as metal free heterogeneous organocatalysts 

Green Chem. 2021, 23, 7361-7434. https://doi.org/10.1039/D1GC02319E   

 Efficient catalysis 

is essential from a 

green chemistry 

perspective. 

Porous organic 

polymers (POPs) 

have recently 

emerged as highly 

effective materials 

for catalytic applications. POPs possess controllable compositions and 

functionalities, high surface areas and can be very stable. In this review we focus on 

the application of POPs as metal free heterogeneous organocatalysts, a booming 

field in green chemistry. Acid, base, combined acid–base and hydrogen bonding 

catalysis are addressed. In addition, chiral catalysis and CO2 utilization with POPs are 

discussed. The aim is to provide a comprehensive overview of the field, exploring all 

different types of POPs as metal free catalysts. Special attention is given to the 

synthesis conditions to provide the reader with more insight into the construction 

of these types of materials. 

 

Polymeric carbon nitride-based photocatalysts for photoreforming of biomass 

derivatives 

Green Chem. 2021, 23, 7435-7457. https://doi.org/10.1039/D1GC02307A  
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 Photoreforming of biomass to value-

added chemicals and fuels is a chemical 

approach to extract photosynthetically-

trapped energy in complex biomolecules 

which otherwise disintegrate naturally in 

the environment. Designing precise 

photocatalytic materials that can 

selectively break the sturdy, nature-

designed biomass with multiplex chemical 

composition/bonding and inaccessible 

sites is central to deploying this technology. 

Polymeric carbon nitride (CN) comprised 

of a 2D network of condensed heptazine/triazine (C6N7/C3N3) core has shown great 

promise for photoreforming of biomass derivatives due to intriguing 

physicochemical and optical properties. This review comprehensively summarizes 

the state-of-the-art applications of CN-based photocatalysts for the conversion of 

lignocellulosic biomass derivatives. Various chemical and structural modifications in 

CN structure such as doping, surface functionalization, hybridization entailing to 

higher selectivity and conversion have been discussed aiming at providing valuable 

guidance for future CN-based materials design. 

 

Carbon-based metal-free electrocatalysts: from oxygen reduction to 

multifunctional electrocatalysis 

Chem. Soc. Rev. 2021, Advance Article. https://doi.org/10.1039/D1CS00219H 

  Since the discovery 

of N-doped carbon 

nanotubes as the first 

carbon-based metal-

free electrocatalyst (C-

MFEC) for oxygen 

reduction reaction 

(ORR) in 2009, C-

MFECs have shown 

multifunctional electrocatalytic activities for many reactions beyond ORR, such as 

oxygen evolution reaction (OER), hydrogen evolution reaction (HER), carbon dioxide 

reduction reaction (CO2RR), nitrogen reduction reaction (NRR), and hydrogen 

peroxide production reaction (H2O2PR). Consequently, C-MFECs have attracted a 

great deal of interest for various applications, including metal–air batteries, water 

splitting devices, regenerative fuel cells, solar cells, fuel and chemical production, 
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water purification, to mention a few. By altering the electronic configuration and/or 

modulating their spin angular momentum, both heteroatom(s) doping and 

structural defects (e.g., atomic vacancy, edge) have been demonstrated to create 

catalytic active sites in the skeleton of graphitic carbon materials. Although certain 

C-MFECs have been made to be comparable to or even better than their 

counterparts based on noble metals, transition metals and/or their hybrids, further 

research and development are necessary in order to translate C-MFECs for practical 

applications. In this article, we present a timely and comprehensive, but critical, 

review on recent advancements in the field of C-MFECs within the past five years or 

so by discussing various types of electrocatalytic reactions catalyzed by C-MFECs. An 

emphasis is given to potential applications of C-MFECs for energy conversion and 

storage. The structure–property relationship for and mechanistic understanding of 

C-MFECs will also be discussed, along with the current challenges and future 

perspectives. 

 

Synthesis and Manufacture 

Green chemistry meets medicinal chemistry: a perspective on modern metal-free 

late-stage functionalization reactions 

 Chem. Soc. Rev. 2021, 50, 10955-10982. https://doi.org/10.1039/D1CS00380A   

 The progress of 

drug discovery and 

development is 

paced by milestones 

reached in organic 

synthesis. In the last 

decade, the advent 

of late-stage functionalization (LSF) reactions has represented a valuable 

breakthrough. Recent literature has defined these reactions as the chemoselective 

modification of complex molecules by means of C–H functionalization or the 

manipulation of endogenous functional groups. Traditionally, these diversifications 

have been accomplished by organometallic means. However, the presence of metals 

carries disadvantages related to their cost, environmental hazard and health risks. 

Fundamentally, green chemistry directives can help minimize such hazards through 

the development of metal-free LSF methodologies. In this review, we expand the 

current discussion on metal-free LSF reactions by providing an overview of C(sp2)–

H, and C(sp3)–H functionalizations, as well as the utilization of heteroatom-

containing functional groups as chemical handles. Selected topics such as metal-free 

cross-dehydrogenative coupling (CDC) reactions, organocatalysis, electrochemistry 
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and photochemistry are also discussed. By writing the first review on metal-free LSF 

methodologies, we aim to highlight current advances in the field with examples that 

reveal specific challenges and solutions, as well as future research opportunities. 

Photolytic amino etherification reactions of aryl diazoacetates with N-heterocycles 

and a stoichiometric amount of dioxane/tetrahydropyran in aqueous medium: 

synthesis of 1,4-dioxepane/1,4,7-dioxazonan-6-one systems 

Green Chem. 2021, Advance Article.  https://doi.org/10.1039/D1GC02797B  

 Herein we have reported a 

blue LED mediated reaction 

of aryl diazoacetate with a 

stoichiometric amount of 

1,4-dioxane/tetrahydropyran 

(THP) and various 

heterocycles like indoles, 

pyrroles, phthalimides, 

thiazolidinediones and 

hydantoins in water. During 

the reaction, various aryl diazoacetates were converted to oxonium ylides by 

reacting with 1,4-dioxane and THP. These ylides generated in aqueous medium 

(under metal- and base-free conditions) were then used for the amino etherification 

of the aforementioned heterocycles in excellent yield. The ylides underwent a [1,2] 

shift to afford substituted 1,4-dioxepanes. Phthalimide products were also 

converted to 1,4,7-dioxazonan-6-ones. Reaction kinetics, Hammett's plot and DFT 

calculations (solvent phase) rationalize the ylide formation and subsequent 

reactions with the nucleophiles. The reaction was also demonstrated at the 

multigram scale. This amino etherification reaction of aryl diazoacetates in aqueous 

medium demonstrated a sustainable process of converting toxic 1,4-dioxane in 

functionalizing heterocycles. 

 

Production of active pharmaceutical ingredients (APIs) from lignin-derived phenol 

and catechol 

Green Chem. 2021, 23, 7488-7498. https://doi.org/10.1039/D1GC02158C 

https://doi.org/10.1039/D1GC02158C
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Active pharmaceutical 

ingredients (APIs) 

constitute a 

significant and 

growing global market. 

In the past few 

decades, labor costs, 

concerns regarding chemical waste, and more stringent regulations in developed 

countries have shifted the production of APIs to emerging economies, notably India 

and China. Nowadays, Europe and North America rely on imports for the majority of 

pharmaceuticals. The recent COVID pandemic as well as logistical challenges have 

called this model into question and have raised the interest in rebalancing distributed 

global API supply chains and possibly reshoring some API production to Europe and 

North America. API production often suffers from unfavorable Green Chemistry 

metrics, owing to complex routes, outdated chemistry for established entities, or lack 

of maturity of routes for newer entities. The environmental footprint of API synthesis 

routes benefits from renewables as starting materials. One such abundant renewable 

material is lignin, which can be converted to phenol and catechol. In addition, waste 

could be reduced by co-producing APIs in an integrated plant and the use of advanced 

catalysts. This Perspective demonstrates green production routes from phenol or 

catechol in four large scale examples: paracetamol (Tylenol®), acetyl salicylic acid 

(Aspirin®), amoxicillin (as sole API or as combination with potassium clavulanate 

(Augmentin®), and epinephrine (adrenaline, also as trademark Adrenaline®). We 

compare conventional routes with more modern routes with respect to Green 

Chemistry metrics. Overall, API production from renewable materials stands to 

combine low environmental footprint with high quality and economical manufacture 

of pharmaceuticals. 

Schiff-base molecules and COFs as metal-free catalysts or silver supports for 

carboxylation of alkynes with CO2 

Green Chem. 2021, 23, 7620-7629. https://doi.org/10.1039/D1GC02118D 

 

 

 

 

 

 

 

Carboxylation of terminal alkynes with CO2 to produce propiolic acids is an atom 



 

 

23 

23 

economical and high-value route 

for CO2 fixation and utilization, 

but the conversion under mild 

conditions needs transition metal 

catalysts. In this article, we 

demonstrated for the first time 

the transition-metal-free 

organocatalysts for the reaction. 

The efficient catalysts are Schiff bases derived from 1,3,5-triformylphloroglucinol 

(Tp), either homogeneous (discrete molecules) or heterogeneous (covalent organic 

frameworks, COFs). The key catalytic sites are phenoxo and imine groups, which 

activate CO2 through phenoxo–CO2 complexation and also activate the C(sp)–H 

bond through bifurcate C–H⋯Nimine and C–H⋯Ophenoxo hydrogen bonds. The 2,2′-

bipyridyl sites in the COF also contribute to the catalytic performance. The COF 

catalyst is less active than the molecular one but has the advantages of 

heterogeneous catalysis. Higher performance was also demonstrated by combining 

silver nanoparticles (AgNPs) with the intrinsically catalytic COF. This work opens up 

the potential of developing transition-metal-free catalysts for the CO2 conversion 

reaction and demonstrates the new prospects of COFs as tailorable platforms for 

heterogeneous catalysis. 

 

CO2 Fixation 

Insight into the reversible behavior of Lewis–Brønsted basic poly(ionic liquid)s in 

one-pot two-step chemical fixation of CO2 to linear carbonates 

Green Chem. 2021, 23, Advance Article. https://doi.org/10.1039/D1GC02539B  

 The multi-step reaction 

of CO2 over basic 

catalysts significantly 

improves the diversity of 

products, vividly 

embodying the ability of 

green chemistry to turn 

waste into treasure. 

However, under a Lewis 

acidic CO2 atmosphere, the activity maintenance of the multi-step reaction puts 

forward higher requirements for the reversible regeneration ability of the basic 

catalysts. Novel Lewis–Brønsted binary basic poly(ionic liquid)s (LB-PILs) were 
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successfully developed through a radical copolymerization followed by ion-exchange 

strategy, and were applied to the two-step synthesis of dimethyl carbonate (DMC) by 

coupling CO2 cycloaddition and CH3OH transesterification without any cocatalyst. 

Relying on the activation of CO2 by Lewis basic tertiary N and the thermal recovery of 

nucleophilic HCO3
− to stronger Brønsted basic OH− with the help of temperature 

control in CH3OH transesterification, the LB-PILs presented high activity, stable 

repeatability and linear carbonate universality. In situ IR analysis and Knoevenagel 

condensation, combined with theoretical calculations, provided reliable support for 

the ingenious incorporation of reversible regeneration of basic catalysts in a Lewis 

acidic CO2 atmosphere and multi-step coupling reaction process of CO2. 

Aqueous CO2 fixation: construction of pyridine skeletons in cooperation with 

ammonium cations 

Green Chem. 2021, 23, Advance Article. https://doi.org/10.1039/D1GC02303A  

 A simple and green 

method is explored for 

the synthesis of fused 

pyridines by [2 + 2 + 1 + 1] 

the cycloaddition of 

ketones with an 

ammonium cation under 

a CO2 atmosphere. The 

reactions employed ammonium cation as a nitrogen source and CO2 gas as a carbon 

source in an aqueous solution. Monoethanolamine (MEA) was used as an additive to 

increase the solubility of CO2 in an aqueous solution. The scope and versatility of the 

method are demonstrated with 38 examples. Products are found to be photosensitive 

and show potential applications as organic optoelectronic materials. A selectfluor-

promoted reaction mechanism is proposed based on the experimental studies. This 

work is superior as it is a metal-free system, uses CO2 as a carbon source and MEA as 

an additive in aqueous synthesis. 

 

 

 

 

In-Depth Computational Analysis of Natural and Artificial Carbon Fixation Pathways 



 

 

25 

25 

BioDesign Research 2021, Article ID 9898316. 

https://doi.org/10.34133/2021/9898316 

 In the recent years, engineering new-to-nature CO2- and C1-fixing metabolic 

pathways made a leap forward. New, artificial pathways promise higher yields and 

activity than natural ones like the Calvin-Benson-Bassham (CBB) cycle. The question 

remains how to best predict their in vivo performance and what actually makes one 

pathway “better” than another. In this context, we explore aerobic carbon fixation 

pathways by a computational approach and compare them based on their specific 

activity and yield on methanol, formate, and CO2/H2 considering the kinetics and 

thermodynamics of the reactions. Besides pathways found in nature or implemented 

in the laboratory, this included two completely new cycles with favorable features: the 

reductive citramalyl-CoA cycle and the 2-hydroxyglutarate-reverse tricarboxylic acid 

cycle. A comprehensive kinetic data set was collected for all enzymes of all pathways, 

and missing kinetic data were sampled with the Parameter Balancing algorithm. 

Kinetic and thermodynamic data were fed to the Enzyme Cost Minimization algorithm 

to check for respective inconsistencies and calculate pathway-specific activities. The 

specific activities of the reductive glycine pathway, the CETCH cycle, and the new 

reductive citramalyl-CoA cycle were predicted to match the best natural cycles with 

superior product-substrate yield. However, the CBB cycle performed better in terms of 

activity compared to the alternative pathways than previously thought. We make an 

argument that stoichiometric yield is likely not the most important design criterion of 

the CBB cycle. Still, alternative carbon fixation pathways were paretooptimal for 

specific activity and product-substrate yield in simulations with C1 substrates and 

CO2/H2 and therefore hold great potential for future applications in Industrial 

Biotechnology and Synthetic Biology. 

 

 

Materials 

Direct one-pot synthesis of ordered mesoporous carbons from lignin with metal 



 

 

26 

26 

coordinated self-assembly 

Green Chem. 2021, 23, Advance Article. https://doi.org/10.1039/D1GC03030B  

 Conventional soft template 

methods for the synthesis of 

ordered mesoporous carbons 

(OMCs) use unsustainable, toxic 

and carcinogenic phenolic 

compounds as carbon precursors 

and aldehydes as crosslinkers. 

Lignin is a potential carbon 

precursor for OMC production, 

but its direct use as a carbon 

precursor has not been possible. 

Herein, a protocol is developed for the direct one-pot synthesis of OMCs using lignin 

from agricultural waste sources (walnut shell, macadamia nut shell, and tobacco 

stem) as a sole carbon precursor through coordinated interactions between lignin 

functional groups and metal ligands via classical solvent evaporation induced self-

assembly (EISA). The protocol is demonstrated for the one-pot synthesis of metal 

oxide- or elemental metal-linked OMCs (defined as M#OMCs) using many different 

metal ions (Ni2+, Mg2+, Fe3+, Co2
+, Zn2+, La3+, and Ce3+) that form well-ordered 

mesoporous structures having uniform metal dispersion. As one application, 

Ni#OMC is shown to effectively catalyze biomass hydrogenation, transfer 

hydrogenation and isomerization reactions. The protocol developed for OMC 

materials from lignin is expected to have wide applications in catalysis, adsorption, 

sensor, drug delivery and energy storage fields. 

Porphyrin and single atom featured reticular materials: recent advances and future 

perspective of solar-driven CO2 reduction 

Green Chem. 2021, 23, Advance Article. https://doi.org/10.1039/D1GC02439F  

 The release of large volumes 

of anthropogenic CO2 coupled 

with growing exploitation of 

fossil fuels has led to very 

serious issues such as global 

warming and energy crisis in 

the world. One of the most 

promising solutions for 

addressing these challenges is 

photocatalytic reduction of 
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CO2 into useful chemical feedstocks. The adsorption/activation and reduction of 

CO2 on the surface of heterogeneous catalysts, in addition to visible light harvesting 

and efficient charge separation, remains a scientifically challenging problem, which is 

severely limiting the total photoconversion and selectivity of CO2 reduction on 

photocatalysts. Reticular materials such as metal organic frameworks (MOFs) and 

covalent organic frameworks (COFs) are a class of porous materials, which have lately 

been investigated as photocatalysts due to their excellent tuneable structural and 

photochemical properties. Single-atom catalysts offer great potential to enable 

chemical transformation of CO2 when anchored to an appropriate support material. 

Naturally abundant porphyrin has been effective for a variety of processes including 

light-harvesting, oxygen transport and catalytic processes. The rigidity, robustness, and 

multifunctionality of reticular materials enable them to be used in a spectrum of 

applications. Modular optimization, rational design and integration of single-atoms 

and porphyrin onto metal- and covalent-organic frameworks pave a new pathway 

toward the photoreduction of CO2. In the context of recent advancements in the field 

of reticular materials, porphyrin and single atom based MOFs and COFs towards 

photocatalytic CO2 reduction are summarised in this review. This review also includes 

discussion on the current breakthroughs in fundamental knowledge, reaction 

mechanisms, and pathways of CO2 photoreduction, as well as gives an overview of the 

approaches towards improving the CO2 reduction efficiency and selectivity of these 

reticular photocatalytic materials. Also, the challenges and perspectives of 

CO2 photoreduction over these heterogeneous catalysts have also been presented in 

this report. 

 

 

 

New Family of Surfactants from Biobased Materials 

ACS Sustainable Chem. Eng. 2021, ASAP. 

https://doi.org/10.1021/acssuschemeng.1c04703  
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 β-C-Glycoside 

ketone 

derivatives of 

glucose, lactose, 

and maltose 

were converted 

to amines via a 

reductive 

amination using 

5 wt % 

Rh/Al2O3 in 

ammoniacal methanol under 34 bar H2. The amines were isolated and then were used 

as the amine in the reductive amination of 2-undecanone that can be prepared from 

the seed oil of Cuphea. The resulting β-C-glycoside-2-aminoundecanes were 

characterized by MALDI-TOF mass spectrometry and 2D NMR. The critical micelle 

concentrations of the products as measured by isothermal calorimetry titration ranged 

from 1 to 5 mM, and the micelles carry a positive charge as measured by zeta 

potentials. The β-C-glycoside 2-aminoundecanes have antimicrobial activity 

against Bacillus subtilis, Pseudomonas aeruginosa, Erwinia amylovora, 

and Escherichia coli, with the C-glucoside derivative having the greatest activity with a 

minimum inhibitory concentration of 0.31 mM and a minimum bactericide 

concentration of 0.62 mM against the Gram positive organisms. Against the Gram 

negative Erwinia and Escherichia, the MIC is 0.62 mM. This work introduces a new 

family of sustainable surfactants with potential uses in personal care and cleaning 

products. 

Recycling Waste Materials 

Heavy Metal Recovery from Waste CRT Funnel Glasses by the Combined Process of 

Rapid phase-separation and Mechanochemical Extraction  

ACS Sustainable Chem. Eng. 2021, 9, 13347–13355.  

https://doi.org/10.1021/acssuschemeng.1c04824 



 

 

29 

29 

 An innovative and 

sustainable method of 

extracting heavy 

metal oxides (PbO, 

BaO, and SrO) from a 

cathode ray tube (CRT) 

funnel glass was 

developed. Funnel 

glass was first 

remelted with 20 wt 

% B2O3 at 1000 °C for 30 min in air atmosphere. Most of the heavy metal oxides 

(PbO, BaO, and SrO) were quickly migrated from the funnel glass to the B2O3-rich 

phase. Then, heavy metal oxides were recovered efficiently from phase separation 

product by a sustainable wet ball-milling process (replaced the traditional strong 

acid) using ethylene diamine tetraacetic acid (EDTA) as extraction reagent at room 

temperature. Mechanical activation caused the rapid dissolution of the B2O3-rich 

phase in water. Thus, heavy metal cations (Pb2+, Ba2+, and Sr2+) could be extracted 

as a metal-EDTA, and the solid residue was high silica glass powder (silica purity >92 

wt %). The extraction rates of Pb, Ba, and Sr were 95.74%, 93.57%, and 94.76% when 

only milling for 5 min and reached 99.35%, 98.07%, and 96.40% for 60 min under 

optimum conditions: EDTA adding amount, 2 g; rotational speed, 500 rpm; and 

water/solid ratio, 0.8, respectively. Heavy metal ions could be recovered by sulfate 

precipitation, and the soluble metal-EDTA could be transformed into solid EDTA 

when pH < 3. Thus, this paper provides a sustainable method for detoxification and 

reutilization of heavy metals containing silicate waste. 

Production of l-α-Glycerylphosphorylcholine from Oil Refining Waste Using a Novel 

Cold-Active Phospholipase B from Bacillus velezensis 

ACS Sustainable Chem. Eng. 2021, 9, 13337–13346.  

https://doi.org/10.1021/acssuschemeng.1c04767  

l-Alpha-

glycerylphosphorylcholine 

(GPC) is extensively utilized 

in food, cosmetic, medical, 

and pharmaceutical 

industries. GPC preparation 

using an enzymatic method 

has been explored recently 

for the lack of natural 
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resources. This work intended to establish an efficient process for producing GPC by 

extracting phosphatidylcholine (PC) from oil refining waste. A whole-cell biocatalyst 

for GPC synthesis via hydrolyzing PC was engineered by displaying a cold-adapted 

phospholipase B gene (plbbv) from Bacillus velezensis on the cell surface of Pichia 

pastoris GS115 (dPLBbv). Free PLBbv exhibited the maximum activity at pH 8.0 and 20 

°C, and dPLBbv showed the same optimal temperature and pH with significant 

improvement in stability. GPC yield was 92.7% at 20 °C, and the relative yield retained 

over 60% after seven repeated catalysis using dPLBbv. This study offered a low-cost 

method for highly producing GPC from food processing waste. 

 

Chemical Recycling of Polyhydroxybutyrate (PHB) into Bio-Based Solvents and Their 

Use in a Circular PHB Extraction 

ACS Sustainable Chem. Eng. 2021, 9, 12575–12583. 

https://doi.org/10.1021/acssuschemeng.1c03299  

 Two novel 

protocols for the 

chemical 

valorization of 

polyhydroxybutyrate 

(PHB) were 

developed, aiming at 

the production of 

two bio-based 

molecules: methyl 3-

hydroxybutyrate (MHB) and methyl 3-methoxybutyrate (MMB). Optimized reaction 

conditions were applied to pure PHB and PHB inclusions inside bacterial cells as 

starting materials. MHB was synthesized through a single-step catalytic 

methanolysis, while MMB was synthesized through a three-step process: 

thermolytic distillation to give crotonic acid (CA), esterification to give methyl 

crotonate (MC), and oxa-Michael addition of MeOH. The obtained MHB and MMB 

were tested as solvents for the recovery of PHB itself both from freeze-dried single 

strain cultures (SSC) and mixed microbial cultures (MMC) with low to medium 

contents of PHB (22–57 wt %). High PHB recovery was achieved: up to 96 ± 1% 

through MHB and up to 98 ± 1% through MMB. Extraction from MMC slurry (with a 

PHB content of 39% on dry weight) was also performed, recovering 77 ± 2% using 

MHB and 92 ± 2% using MMB. High purities and excellent molecular weights and 

polydispersity indexes of extracted PHB were obtained with both MHB and MMB. 

Solubility in water, octanol/water partition coefficients (log Kow), and aerobic ready 

biodegradability of both solvents were also evaluated. 


