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Abstract 

The purpose of this bibliometric analysis is to assess trends and the impact of 

publications published within the last 20 years on the topic of systems thinking 

in rare earth coordination chemistry, from 2002 to 2022. This analysis is based 

on the Scopus database and reviewed using VOS viewers. This study uses 216 

documents which are then sorted into 215 relevant articles. Based on the results 

of the analysis, the United States of America was identified as the most 

productive country in researching systems thinking and rare earths in 

coordination complexes (38.60%). The most published documents are in the form 

of books (41.4%), while only a few are published in the form of articles (27.4%). 

Chen X is a writer who is dominant in publishing about rare earth coordination 

complexes or systems thinking in book form. Meanwhile, the bibliometric 

analysis shows that the trend from year to year in research on rare earth 

coordination complexes is still detached from the aspects of systems thinking. 

This opens up opportunities to conduct rare earth coordination chemistry research 

by integrating systems thinking skills.  

Keywords : Bibliometric analysis; Coordination chemistry; E-waste; Rare earth; 

Systems thinking. 
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1. Introduction 

Systems thinking in rare earth coordination chemistry is an appropriate alternative 

method for students to solve the problem of electronic waste in the environment. In 

several studies that have been conducted, electronic waste has become a global 

problem and requires solutions in the field of chemistry as well as being a learning 

environment for students [1-4]. As a result, environmental awareness through the 

waste recycling process must be included in relevant chemistry learning as an action 

in dealing with the problem of electronic waste that pollutes the environment. 

Electronic waste (e-waste) has been identified as containing rare earth metals.   

Many reports have discussed systems thinking in chemistry learning. Applying 

system thinking skills students can integrate molecular principles based on sustainability 

from economic, social, and environmental aspects [5]. Systems thinking has a very 

important role in teaching chemistry in the context of a catalyst. This research was 

conducted to describe the interrelationships of systems thinking bringing the concept that 

homogeneous and heterogeneous catalysts can be synthesized and to understand how the 

catalyst processes can work during chemical reaction processes and affect environmental 

and economic aspects [6]. Student systems thinking skills can be optimized by integrating 

chemical reaction principles through the DOZN 2.0 software inspired by the 12 principles 

of green chemistry and life cycle assessment (LCA) metrics [7]. There is a relationship 

between systems thinking and green chemistry in the context of green chemistry 

education. This study reviews existing research mapping, through a thematic synthesis 

process, and investigates the role of systems thinking in supporting green chemistry 

education [8]. Other research also discusses systems thinking frameworks that can be 

integrated into chemistry learning [9]. However, based on the above literature, no research 

focuses on systems thinking in rare earth coordination chemistry. In the study of 

coordination chemistry, the current potential research is the formation of coordination 

compounds of rare earth metals. This is because rare earth metals are strategic metals that 

can be applied to technological advances.  

Based on previous research, no research has addressed the concept of synthesizing 

rare earth coordination complex compounds from recycled electronic waste, 

including the use of green chemistry chemical extractants that are environmentally 

friendly. Although the problem of e-waste is interesting to find appropriate techniques 

to reduce human environmental pollution. So this study analyzes the extent to which 

research related to the synthesis of rare earth coordination complex compounds from 

electronic waste has been carried out by previous researchers. Of course, this analysis 

requires the help of software to help map relevant research from the last few years. 

Although bibliometric studies in systems thinking and all related fields have been 

published previously, the concept of future studies related to rare earth coordination 

chemistry is not found in the scientific literature, this is a significant difference as 

well as a novelty from the current article. The second novelty of this study is the 

implementation of systems thinking related to the chemical content of rare earth 

elements. The third novelty of the study is integrating e-waste recycling technology 

with the principle of sustainability through systems thinking.  

2. Literature Review  

Systems thinking has been noticed by chemistry educators in recent years [1, 2]. 

Current research trends refer to the United Nations' SDGs program to encourage all 

disciplines to be oriented towards the principles of sustainability. Systems thinking 
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has been used as a framework for integrating sustainable concepts as has been done 

[4]. Applying systems thinking in chemistry can be done through one approach, one 

of which is the Molecular basis of sustainability. The molecular basis of sustainability 

is a term that emphasizes that many environmental problems originate from the 

molecular dimension and the solutions offered also need to consider the molecular 

dimension [10]. The molecular basis of sustainability is ways in which social and 

economic aspects underlie considerations of how present and future generations can 

survive within the limitations of nature [4]. 

The principle of sustainability is particularly relevant in coordination chemistry, 

particularly on the topic of rare earth coordination complex compounds. These 

compounds have important applications in modern technological developments such 

as mobile phones, catalysts, magnets, electronics, and the defence industry. Rare earth 

coordination complexes are formed by coordinating bonds between the lanthanides 

and the ligands as electron donors. Systems thinking is needed in applying the 

principles of sustainability in synthesizing these complex compounds. One way that 

can be done is to utilize electronic waste that contains rare earth metals. Based on 

previous research, the waste in fluorescent lamps contains phosphorus powder which 

contains rare earth metals in the form of yttrium and europium [11]. This rare earth 

metal has the property of glowing light or can be called luminescent. Another 

example of electronic waste containing quite a lot of rare earth metals is found in tube 

TVs with Cathode Ray Tube (CRT) technology, as shown in Fig. 1(a). The CRT tube 

has the form of phosphor powder attached to a glass panel which is identical to 

fluorescent lamp waste because of its luminescent properties as shown in Fig. 1(b). 

 

(a)      (b) 

Fig. 1. (a) TV cathode ray tube (b) CRT recycling scheme [5].  

The e-waste recycling process is useful for collecting rare earth metals. This 

process must pay attention to environmentally friendly aspects and green chemistry. 

So that the selection of environmentally friendly solvents needs to be considered in 

this recycling process. The currently developed deep eutectic solvent (DES) is an 

ionic liquid that has environmentally friendly properties and serves as an alternative 

to a sustainable solvent. DES is a mixture of hydrogen bond donors and acceptors 

with a low melting point around ambient temperature. DES has characteristics such 

as low volatility, biodegradable, recyclable, and low cost of synthesis. DES is a useful 

solvent for recovering metals from industrial process residues and metal ores. The 

reaction processes involved in the extraction of rare earth metals are complex 

reactions. Complex reactions can take place because of the equilibrium reaction 

between the rare earth metals and the carboxylic groups present in the extractants. 

The result of this reaction is a rare earth coordination complex as shown in Fig. 2 

[12]. The process of e-waste recycling technology [11]. 
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Fig 2. Technology recycling e-waste into rare earth coordination compound. 

This study will contribute to the knowledge of systems thinking in the study of rare 

earth coordination complex chemistry against current problems and future trends that 

might affect systems thinking in rare earth coordination complex compounds. The study 

fills a gap in research spanning two decades, during which the research trend during this 

period was mostly in the fields of systems thinking and rare earth metals. Based on a 

bibliometric approach, this research complements publications related to systems 

thinking in the matter of rare earth coordination complex compounds. 

3. Methods 

In this study, a literature review was carried out in a structured manner by determining 

relevant keywords, searching for literature, and conducting an analysis as shown in 

Fig. 3 [13]. The collected literature was analysed using bibliometric analysis 

techniques. The software used is VOSviewer. The data is collected from the Scopus 

database because it has a wide scope, and the form of metadata is in the form of CSV.  

Search using the keyword "System thinking in science learning", with a time range 

from 2002 to 2022. Detailed information for the use of VOSviewer is reported 

elsewhere [14], and examples of the applications of VOSviewer are available in 

literature [15-17]. 

 

Fig. 3. Search strategy flow diagram. 

e-waste 

CRT DES (ChCl-levulinic acid) 

Leaching process 

XRF test 

Identified rare earth coordination compounds 
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4. Results and Discussion 

The results of searching through the Scopus database were then sorted by 215 

documents. The trend of research on systems thinking on the topic of chemistry 

learning from 2002 to 2022 based on documents published annually on the Scopus 

dataset is shown in Table 1. The research trend of using systems thinking in chemistry 

learning continues to increase and reaches a peak of publication in 2020 until 2022 

with a total of 78 documents. Meanwhile, from 2002 to 2004, no one had conducted 

research on systems thinking in chemistry learning, so during this year, no researchers 

published this field. Table 1 shows the beginning of this research began in 2005.  

Table 1. Documents every three years. 

Year Documents Percentage (%) 

2002 – 2004 0 0 

2005 – 2007 4 1.86 

2008 – 2010 16 7.44 

2011 – 2013 34 15.81 

2014 – 2016 32 14.88 

2017 – 2019 51 23.72 

2020 – 2022 78 36.27 

Based on the type of documents obtained, it can be seen based on direct analysis 

from the Scopus website that most of the types of publications are books totalling 89 

documents (41.2%). Apart from that, there were 60 documents (27.8%) and a review 

of 51 documents (23.6%) which contributed quite a lot to articles. Contributions of 

other types of documents that were smaller were book chapters totalling 13 

documents (6%), conference papers totalling 2 documents (0.9%), and short surveys 

(0.5%).  

To find out the conceptual structure of systems thinking research on the topic of 

rare earth coordination chemistry, co-word analysis can be carried out which is 

mapped and grouped into co-occurrence (Fig. 4). Each node shows one keyword. The 

larger node size indicates the greater the frequency of the keyword. Each node is 

connected by a link [18-20]. The largest node in this study is metal complex, this 

indicates that metal complex compounds are the most popular keywords. In addition, 

another big node, namely rare earth, is another popular keyword after metal complex 

compounds. The nodes that show systematic thinking also have a fairly large size. 

Figure 4 also shows that the nodes on rare earth with systematic thinking are not 

directly connected. This indicates that studies on systems thinking on the topic of the 

coordination chemistry of rare earth have never been conducted before. Therefore, 

research on systems thinking in the coordination chemistry of rare earth can be 

studied more deeply for further research. 

Based on the results of the overlay visualization on the VOS viewer, it describes 

various keywords indicating the latest research with light green to yellow indicators 

[21, 22]. Figure 5 shows that several terms that look new and are the latest research 

trends related to this study include complex metals, rare earth, alloys, strategic 

thinking, systematic thinking, and artificial intelligence. Thus, systems thinking on 

the topic of soil coordination chemistry rarely has a great opportunity to be researched 

because there has been no previous research from 2002 to 2022 based on Scopus data 

and the results of study analysis that have been obtained. The application of systems 

thinking in soil coordinating chemistry is rarely a research novelty because it has 
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great potential to address global challenges in programs that have been proclaimed 

by the world, namely sustainable molecular principles and green chemistry principles 

based on electronic waste recycling technology. This study can be implemented for 

chemistry students and chemistry education students in increasing their 

understanding and systems thinking about coordinating chemistry concepts 

associated with environmental, scientific, technological, and social aspects. This is in 

line with research [10], that sustainable molecular principles need to be incorporated 

into student learning, especially in the field of chemistry education. 

 

Fig. 4. Visualization of the conceptual structure of systems  

thinking research on the topic of rare earth coordination chemistry. 

 

Fig. 5. Overlay visualization of the use of systems  

thinking in rare earth coordination chemistry (2002 – 2022). 

Based on the results of the bibliometric analysis above, 4 keywords appear most 

often. This indicates that many previous studies have been carried out relating to 

metal complexes, rare earths, coordination complexes and systems thinking. 
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However, when viewed from the connection network in Fig. 5, only three keywords 

are connected, namely metal complex, rare earth, and coordination complex. This 

indicates that so far the research that has been carried out has only linked metal 

complexes, rare earth, and coordination complexes, but nothing has linked them with 

systems thinking. The four identified keyword trends bring research potential that 

discusses systems thinking in the coordination chemistry of rare earth metals. Other 

research potentials for the future are also related to global issues regarding green 

chemistry and sustainability aspects. Thus, if research on system thinking in the 

coordination chemistry of rare earth is carried out starting from the context of 

electronic waste and based on the principle of green chemistry, it will provide 

stronger opportunities for future research. 

5. Conclusions 

This study conducted bibliometric analysis by reviewing 215 selected documents 

based on the use of systems thinking in rare earth coordination chemistry by utilizing 

the VOS viewer software application. The results of this study reveal that several 

topics have become the latest research trends and are related to this study including 

complex metals, rare earth, alloys, strategic thinking, systematic thinking, and 

artificial intelligence. The bibliometric study carried out can provide complete 

information about systems thinking research in rare earth coordination chemistry, 

especially those that are meaningful for researchers for future research development.  
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