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Abstract
The exponential increase in carbonaceous-based research has prompted the scientific community to apply
it to numerous value-added applications. This paper aimed to systematically analyze the comprehensive
contributions clusters of publications per year, country, institution, authors, and keywords-wise by using
a quantitative review technique called bibliometric analysis. The data was retrieved from the Scopus
database to identify the overall scientific trend results with the keyword "carbon dots as a sensor"” from
2010 to 2020. The VOSviewer, WordItOut, and Datawrapper are selected as tools for bibliometric analysis
and data visualization. In this work, the total citations from the Scopus Core Set and the total citations in
the most recent year have only been used for the assessment of highly cited papers. The results showed
that after 2014, the number of publications increased significantly with the work related to “‘carbon dots
as sensors.” Thus, comprehensive journals like the Angewandte Chemie - International Edition were the
most popular in publishing articles, contributing to almost 6.39% of the research area. The country-wise
analysis revealed that China accounted for more than 67.18% of the articles published, followed by the
United States and India, comprising 6.24% and 6.13%, respectively. Lastly, keyword cluster analysis
revealed five major research hotspots for future discussion. Thus, this analysis provides an important
starting point for further studies on research concerning the direction of "carbon dots as a sensor” for
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positive development in the research area.
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INTRODUCTION

Over the past decade, carbon dots, an emerging class of luminescent carbon-based
nanomaterials, have attracted great attention from multiple disciplines owing to their superior
properties and widespread applications [1-6]. These potential applications have been widely
studied in various fields ranging from thick/thin films [7-9], optoelectronic devices [10], solar
cells [11], photocatalysts [12], bio-imaging [13], drug delivery [14], sensors [15-17], and other
works.

The many sensing techniques were susceptible and reliable. It still has several
disadvantages, such as high costs, expensive equipment, the need for sample preparation, and
long-time consumption; hence, it has led to the demand for fast, simple, reasonable, and cost-
effective methods. Because of high sensitivity, low cost, and speed, along with operational
simplicity, fluorescence-based sensing techniques have attracted much attention in recent years
[18]. There are various reports based on publication results that can be clustered into carbon
dots, functionalized-carbon dots, carbon dots-based composite, and carbon dots-based hybrid
as sensors based on the photoluminescence mechanism. The reports related to carbon dots-
based material sensors that have been published such as for application of detection metal ion
(Fe3r [19]; Cr# [20]; Cro* [21]; Hg? [22]; Pb?* [23]; Cu?* [24]; V>* [25]; Mn7* [26]; Al [27]; Co? [28];
Zn? [29]; Ag* [30]), pH [21], temperature [31], humidity [32], pathogenic bacterial (Escherichia
coli [33]; Pseudomonas aeruginosa [34]), gas (MeOH [35]; NO: [36]; NHs [37]; O:2 [38]),
Organophosphate (diazinon [18]; dimethoate [39]), organosulfur (thiophenols [40]), amino acids
(tyrosine [41]; cysteine [22]; arginine [42]; histidine [43]), antibiotics (metronidazole [44];
tetracycline [45]; oxytetracycline [46]; cefixime [47]), antioxidant (glutathione [48]), vitamin
(vitamin B12 [49]; ascorbic acid [50]; folic acid [51]), drug (sumatriptan [52]; famotidine [53];
paracetamol [54]; retinoic acid [55]; prilocaine [56]), simple monosaccharide sugars (fructose
[57]; glucose [58]).

As first introduced in 1969 [59], bibliometrics was an effective method for describing the
research trends of specific areas. There are two main aspects to describe bibliometric analysis
[60-62]. Firstly, it describes patterns of distribution of publications according to some clusters,
such as topics, fields, sources, authors, institutions, and countries. Second, it is widely applied
to analyze scientific production and research trends in several fields, such as citations and the
number of publications. A bibliometric analysis of the literature relating to “carbon dots as
sensors” published in the Scopus database was performed in the present work. In this work, the
research questions were developed based on Zupic et al. and Secinaro et al. [63,64] to achieve
the aims of the analysis. The research aimed to evaluate its quantitative characteristics and
define current and potential patterns that are most important and provide a basis for better
mapping of future research areas related to “carbon dots as sensors”.
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METHOD

Bibliometric analysis data should be obtained from well-known and validated databases
such as Scopus and Web of Science, posing as the most suitable literature retrieval and analysis
databases that are influential, comprehensive, and trustworthy [65,66]. Scopus is a bibliometric
database often used in bibliometric studies. It is useful for this purpose because it has a larger
number of indexed journals than the Web of Science [67,68]; thus, the Scopus database was used
in this research. The Scopus database trend was searched for as bibliometric data from 2010 to
2020, and the data was extracted on October 13, 2020.

The five-step methods adopted the research procedures for bibliometric analysis [69-71],
including determination of search keywords, initial search results, refinement of search results,
compilation of preliminary data statistics, and data analysis. First, we used the keywords
“carbon dots” AND (sensor OR nanosensor OR nanosensor probe). Second, we checked the
information in the initial search process as citation, bibliographical, and abstract & keywords;
they are important to be used as the main information for bibliometric analysis. Third, we
refined the search results for the Scopus database based on document type, such as Articles,
Reviews, Book Chapters, Conference Papers, Conference Reviews, Erratum, Retracted, and
Notes. In this work, only the Article type was chosen as the database for bibliometric analysis.
The 1023 articles met the threshold after final refinement and were analyzed. Fourth, we
compiled preliminary data statistics using important information such as citation information,
bibliographical information, and abstract & keywords. Finally, we inputted and performed data
analysis using Microsoft Excel, VOSviewer, WordItOut, and Datawrapper.

RESULTS AND DISCUSSION

The number of citations is a major and important factor in evaluating a publication [72].
Specific aspects of the publication details of the papers were used for bibliometric analysis, such
as the number of publications per year, publications per country, publication per organization,
number of authors, and number of keywords [65]. Also, we compared the number of citations
through calculations such as sums ‘=SUM(_)’, averages '=AVERAGE(_)’, maximums =MAX(_)’,
and minimums ‘=MIN(_)" in Microsoft Excel software to determine the optimal factors for the
most citations of publications with the topic of "carbon dots as a sensor".

Publication Performance Analysis

The most fundamental way to understand the performance of the publication in a specific
field is to observe the annual frequency of the publication of scholarly articles. The data
collection of 1023 articles was considered the final number of publications for analysis on
“carbon dots as sensor” from 2010 until 2020. The annual publication trend of articles can be
observed in Figure 1. The lowest number of publications, fewer than 30 articles per year, was
recorded from 2010 until late 2014. The data from 2015 showed the first dramatic increase in the
number of publications, with a spike from just 24 articles published in 2014 to 77 articles
published in 2015. From 2016 to 2019, the peak number of publications has increased further
every year. The data peaked in 2019 with 230 publications. However, in 2020, the peak number
of publications slightly decreased to 221 articles, but this decrease may not be satisfactorily
reliable [73]. This is due to the process of searching and collecting the Scopus database was
carried out in mid-October 2020, so publications from the end of October to December 2020 have
not been accumulated.
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Figure 1. Distribution of Articles Published per Year

While Figure 1 demonstrates the number of articles published per year, not all of these
publications have been cited. Out of the 1023 total articles published, only 888 of those articles
have been cited, which was equivalent to 86.80% of the total number of published articles.
Meanwhile, 135 articles published (13.20% of the total number of published articles) in 2017,
2018, 2019, and 2020, consisting of 1, 3, 13, and 118 articles, respectively, have not been cited
anywhere.
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ACS Applied Materials & Interfaces
New Journal of Chemistry \7
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Number of articles published

Figure 2. Top 10 Most Relevant Sources

For the journal’s sources, the literature in this field is from 207 journals. Figure 2 displays
the top 10 most relevant sources. The journal distribution is concentrative, similar to the
situation of the national distribution [74]. Sensors and Actuators, B: Chemical had the highest
productivity with 109 published articles. Meanwhile, RSC Advances has the second
productivity with half the total number of articles published by Sensors and Actuators, B:
Chemical, which is 54 articles.

Bibliometric Analysis for Co-occurrence
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Visualization of the most frequently encountered terms in titles, keywords, and abstracts of
the retrieved documents (a threshold number of 20 occurrences was selected in the VOSviewer
analysis) yielded four clusters representing four research topics. VOSviewer can display
bibliometric mapping in network visualization, as in Figure 3. The first cluster (red) had 632,
593, 519, and 148 occurrences of carbon, fluorescence properties, carbon dots, and nanoprobes,
respectively. The second cluster (green) is focused on the limit of detection, quantum dots,
fluorescence spectroscopy, and sensors, with a total occurrence of 233, 221, 138, and 113,
respectively. The third cluster (blue) focused on nanomaterials, biosensors, genetic procedures,
and metal nanoparticles, with a total occurrence of 165, 109, 79, and 72, respectively. The last
cluster (yellow) focused on humans, nitrogen, biocompatibility, and fluorescence quantum
yield, totaling 129, 124, 105, and 87, respectively. Retrieved documents focused on different
populations of interest.
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Figure 3. Network Visualization for Co-occurrence Relationships Between All Keywords

Keywords with colored circles have been labeled. In the titles and abstracts, the circle's size
is positively correlated with the appearance of keywords. The size of letters and circles was,
therefore, determined by the frequency of occurrences. The more frequently a keyword appears,
the larger the scale of the circles and letters [75].
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Figure 4. Word Cloud Visualization from the Keywords in the Publication Profile

We summarize the co-occurrence mapping based on keywords in Figure 3: carbon (632
occurrences, fluorescence properties (593 occurrences), and carbon dots (519 occurrences). To
maximize its performance, the research hotspots related to this topic are analyzed using Word
Cloud (Figure 4) based on the number of co-occurrence keywords extracted from VOSviewer.
A word cloud is a special tool for text visualization that illustrates more commonly used words
by encouraging their representation more prominently [76]. The co-occurrence of the numerous
words that occur in a piece of text is disclosed by word clouds. The composition of the
commonly used words helps readers to provide an overview of the key topics and the main
themes in a text to a certain degree and may explain the main points of view held by the text's
writer. The differences between the ideas contained in these texts should be quickly exposed by
the comparison of word clouds created from different texts. In this context, we decided to see if
the word cloud approach might be useful for the text's qualitative analysis [77].

Bibliometric Co-authorship

Figure 5 shows the study of joint writers and networks linked to patterns of collaboration
between people. In this network, in each writing relation, each node represents the author. This
research can incorporate several different dimensions to visualize groups and relationships
between time-shift dimensions [69]. An overview of the author's network seen from the year the
authors were together is shown in Figure 5. In this case, the authors' relationship can be
categorized as their annual relationship. It has been demonstrated that Liu Y., with 56 total posts,
is the author with the most relationships with others. In the meantime, the most recent research,
such as Liu S. G, Li N. B,, and Luo H. Q,, is called yellow. With 10 publications overall,
respectively.
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Figure 5. Overlay Visualization for Co-authorship Relation

Figure 6 illustrates the geographical distribution of the total publications of the top 30
productive countries. Publications in this area are mainly distributed in China, India, the United
States, Iran, and South Korea. China is the first country that has received very close attention,
as indicated by the number of published authors up to 664. In the meantime, India ranks second
with 127 published authors. However, in third to fifth place are the United States, Iran, and
South Korea, with a number of authors of 92, 77, and 40, respectively. This shows that the
performance of carbon dots research as a sensor is receiving less attention in four countries
besides China. The ratio of the number of published authors between China and the other four
countries is 5.23, 7.22, 8.62, and 16.6, respectively. The comparison of these ratios shows a very
significant difference, and China shows its concern and consistency towards this research topic,
as indicated by Tables 1-5.
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Figure 6. Geographical Distribution Based on Authors' Contribution

Bibliometric Analysis for Citation
Publications and citations are the most important catalogs and the best way to evaluate
papers [78]. Additionally, the paper quality can be assessed through the number of citations [65].
Table 1 lists the 10 articles with the highest citations out of 1023 published articles. Additionally,
the citations of these ten articles constituted 22.94% of the citations.
Table 1. Top 10 Articles with the Highest Number of Citations

Authors Journals Citations % Citations

Zhu et al. [79] Angewandte Chemie - International Edition =~ 1945 6.39
Shen et al. [80] Chemical Communications 1350 4.44
Ding et al. [81] Accounts of Chemical Research 597 1.96
Nieh et al. [82] Chemistry of Materials 547 1.80
Yang et al. [83] Nanoscale 520 1.71
Qu et al. [84] Chemistry - A European Journal 481 1.58
Zheng et al. [85] ACS Applied Materials & Interfaces 472 1.55
Zhua [86] Angewandte Chemie - International Edition 402 1.32
Yu [87] Chemical Communications 353 1.16

Shen [88] Analytical Chemistry 312 1.03

In addition to the ten most-cited articles, the ten most popular articles were also determined.
An article was considered popular if its average number of yearly citations since the publication
was high [65]. Seven of the top ten most popular articles are also among the top ten most-cited
articles. For a complete list of the top ten most popular articles, see Table 2. The top ten most
popular articles were published in 2012, 2013, 2014, 2017, and 2018. Unsurprisingly, there was a
lot of overlap between the most-cited and popular articles. These articles constituted a fair
portion of the total number of citations, with the ten most-cited articles of all citations.

Table 2. Top 10 Most Popular Articles
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Average
Authors Journal citations per
year

Zhu et al. [79] Angewandte Chemie - International Edition 277.86

Shen et al. [80] Chemical Communications 168.75
Ding et al. [81] Accounts of Chemical Research 99.50
Nieh et al. [82] Chemistry of Materials 91.17
Yang et al. [83] Nanoscale 86.67
Qu et al. [84] Chemistry - A European Journal 68.71
Zheng et al. [85] ACS Applied Materials and Interfaces 67.43
Liu et al. [89] ACS Applied Materials and Interfaces 64.33
Yan et al. [90] Analytical Chemistry 59.50
Lin et al. [91] Analytical Chemistry 57.00

The publishing journals were analyzed based on their number of articles and the number
of citations to determine whether the publishing journal affected how often the articles were
cited [65]. Table 3 illustrates that the ten highest journals were responsible for publishing all the
articles based on the total number of citations. In general, articles in any of these ten journals
resulted in a high probability of citation.

Table 3. Top 10 Active Journals in Publishing Carbon Dots as Sensor-related Research Articles
Based on the Total Number of Citations

o,
Sources Doc. Country of the Citations . /(3
Journal Citations

Sensors and Actuators, B: Chemical 109 Netherlands 3148 10.345

Biosensors and Bioelectronics 37  United Kingdom 2561 8.4160

Angewandte Chemie - 3 United Kingdom 2360 7.7555
International Edition

Chemical Communications 7 United Kingdom 2162 7.1048

Analytical Chemistry 22 United States 2093 6.8781

Nanoscale 21 United Kingdom 1912 6.2833

ACS Applied Materials & 32 United States 1691 5.5570

Interfaces

Talanta 41 Netherlands 964 3.1679

RSC Advances 54  United Kingdom 915 3.0069

Analytica Chimica Acta 28 Netherlands 895 2.8229

The quality or impact of the journal was measured using the quartile ranking obtained from
the Scimago Journal Rank, better known by the acronym SJR (https://www.scimagojr.com/).
Journals in the Q1 rank had the highest impact, while those in the Q4 had the least impact [92].
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All international journals in Table 3 have the first rank (Q1) of the four international journal
rankings obtained from the Scimago Journal Rank. Table 3 shows the three dominating
countries by the country’s journal. First, the United Kingdom has five journals, namely
Biosensors and Bioelectronics, Angewandte Chemie - International Edition, Chemical
Communications, Nanoscale, and RSC Advances. Second, the Netherlands has three journals,
namely Sensors and Actuators, B: Chemical, Talanta, and Analytica Chimica Acta. The third is
the United States, with a total of two journals, namely Analytical Chemistry and ACS Applied
Materials & Interfaces.

According to the results of Scopus, all the journals on the list do not have open access.
Hence, only institutions subscribed to Scopus can access the journal. If the journals have more
specific subjects and the subjects also match the research hotspots in these topics, such as
journals of Talanta, RSC Advances, and Analytica Chimica Acta, they receive more citations per
publication. As for journals of Sensors and Actuators, B: Chemical, and Biosensors and
Bioelectronics, their subjects fit in with the theme of “carbon dots as sensors” of this area, so
they also have higher citations per publication.

Table 4. Top 10 Organizations with the Highest Number of Citations

Organization Citations % Citations
State Key Laboratory of Supramolecular Structure and Materials, College of Chemistry, 2492 3.8992
Jilin University, China
School of Stomatology, Jilin University, China 1945 3.0433
State Key Laboratory on Integrated Optoelectronics, College of Electronic Science and 1945 3.0433
Engineering, Jilin University, China
Key Laboratory for Ultrafine Materials of Ministry of Education, School of Materials 1350 2.1124
Science and Engineering, East China University of Science and Technology, China
Department of Chemistry, Tongji University, China 1153 1.8041
Key Laboratory for Molecular Enzymology and Engineering, Ministry of Education, Jilin 547 0.8559
Universitv, China

Key Laboratory for Thin Film and Microfabrication of Ministry of Education, Research 520 0.8136
Institute of Micro/Nano Science and Technology, Shanghai Jiao Tong University, China

State Key Laboratory of Polymer Physics and Chemistry, Changchun Institute of Applied 484 0.7573

Chemistry, Chinese Academy of Sciences, China
Graduate School of the Chinese Academy of Sciences, China 481 0.7526
Laboratory of Chemical Biology, Changchun Institute of Applied Chemistry, Chinese 481 0.7526

Academy of Sciences, China

The organizations which have published the highest numbers of articles are listed in Table
4. As shown, all the publishing institutes are in China. Table 4 shows that research performance
in China has greatly improved, not only in the number of authors, articles published, and
citations but also in organizations' contributions. Thus, it can be concluded that China is a
country that has a research trend with very significant performance with the theme "carbon dots
as sensor" among other countries.

Table 5. Top 10 Countries with the Highest Number of Citations
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Country Doc. Citations % Citations
China 664 23680 67.18
United States 92 2199 6.24
India 127 2161 6.13
Iran 77 1046 2.97
Spain 21 728 2.07
South Korea 40 714 2.03
Portugal 14 593 1.68
Australia 14 554 1.57
Germany 5 343 0.97
Hong Kong 10 341 0.97

In order to gain a better understanding of the quality and impact of articles published by
each country, the number of publications, the number of citations, and the percentage of
citations were provided for the top 10 countries with the highest number of citations. These
results can be viewed in Table 5. China was ranked first in the number of citations because it
had the highest number of cited articles (23680 citations) with 664 articles and the highest
percentage of published articles cited with 67.18%. Additionally, China remains tied for first in
the total number of articles published among other countries. China significantly differs from
other countries based on the number of articles published and cited. Because the number of
citations often indicates article quality, there were clear differences in the number of articles
published versus the quality of such articles from different countries [65].

CONCLUSION

This bibliometric study provided an overview of current research. In the carbon dots as
sensor field, 1023 articles were found in the Scopus database from 2010 to 2020. Beginning in
2014, there was a significant increase in the number of articles published per year, which is
expected to continue in the coming years. The most cited and most impactful articles were
published before 2014—the top two productive journals, i.e., Sensors and Actuators, B:
Chemical, and RSC Advances. China was the largest contributor to the research on carbon dots
as a sensor, and performance-related research was dominant in the research performance-
related in almost all bibliometric analysis criteria. Carbon dots research, especially in sensor
applications, will remain essential to support the advancement of sensor technology in the
upcoming years. Thus, this study's research trends will lead researchers to establish future
directions in carbon dots as a sensor technology and applications.

ACKNOWLEDGMENT

This research was funded by KEMENDIKBUDRISTEK under Penelitian Dasar Kompetitif
Nasional Grant No. 3606/IT3.L1/PT.01.03/P/B/2022. The authors would like to thank the
University of Salford (United Kingdom) for giving us the opportunity to access the most recent
information sources. We would also like to thank IPB University (Indonesia) for its support and
facility in this study.

Permono Adi Putro, et al 148



Jurnal Penelitian Fisika dan Aplikasinya (JPFA), 2022; 12(2): 138-155

AUTHOR CONTRIBUTIONS

Permono Adi Putro: Conceptualization, Methodology, Software, Data Curation,
Investigation, Visualization, Validation, Writing - Original Draft, Writing - Review and Editing;
Hendradi Hardhienata: Methodology, Formal Analysis, Resources, and Writing - Original Draft,
Funding Acquisitions, Project Administration, Supervision; Isnaeni Isnaeni: Methodology,
Formal Analysis, Resources, and Writing - Original Draft; Faozan Ahmad: Formal Analysis,
Validation; Deni Shidqgi Khaerudini: Methodology, Formal Analysis, Writing - Review and
Editing; Andhika Prima Prasetyo: Methodology, Formal Analysis, Resources, and Writing -
Original - Review and Editing; and Akhiruddin Maddu: Data Curation, Formal Analysis, and
Writing - Original Draft, Supervision.

DECLARATION OF COMPETING INTEREST
The authors declare that they have no known competing financial interests or personal
relationships that could have appeared to influence the work reported in this paper.

REFERENCES

[1] Lim SY, Shen W, and Gao Z. Carbon Quantum Dots and Their Applications. Chemical
Society Reviews. 2015; 44(1): 362-381. DOI: https://doi.org/10.1039/C4CS00269E.

[2] Shamsipur M, Barati A, and Karami S. Long-Wavelength, Multicolor, and White-Light
Emitting Carbon-Based Dots: Achievements Made, Challenges Remaining, and
Applications. Carbon. 2017; 124: 429-472. DOI: https://doi.org/10.1016/j.carbon.2017.08.072.

[3] Semeniuk M, et al. Future Perspectives and Review on Organic Carbon Dots in Electronic
Applications. ACS Nano. 2019; 13(6): 6224-6255. DOLI:
https://doi.org/10.1021/acsnano.9b00688.

[4] Xia C, et al. Evolution and Synthesis of Carbon Dots: From Carbon Dots to Carbonized
Polymer Dots. Advanced Science. 2019; 6(23): 1901316. DOL:
https://doi.org/10.1002/advs.201901316.

[5] Ding H, et al. Carbon Dots with Red/near-Infrared Emissions and Their Intrinsic Merits for
Biomedical Applications. Carbon. 2020; 167: 322-344. DOLI:
https://doi.org/10.1016/j.carbon.2020.06.024.

[6] Roza L, Putro PA, and Isnaeni. Ultrasonic-Assisted Melt Blending for Polyvinyl
Alcohol/Carbon Dots Luminescent Flexible Films. AIP Conference Proceeding. 2019; 2169:
060008. DOI: https://doi.org/10.1063/1.5132686.

[7] NgHau Kwan M, et al. Carbon-Dot Dispersal in PVA Thin Film for Food Colorant Sensing.
Journal ~— of  Environmental — Chemical  Engineering. 2020; 8(3): 103187. DOI:
https://doi.org/10.1016/j.jece.2019.103187.

[8] Putro PA, Yudasari N, Isnaeni I and Maddu A. Spectroscopy Study of Polyvinyl
Alcohol/Carbon Dots Composite Films. Walailak Journal of Science and Technology (WJST).
2021; 18(7): 9184. DOI: https://doi.org/10.48048/wjst.2021.9184.

[9] Putro PA, Sulaeman AS and Maddu A. The Role of C-Dots/(MnO2)x (x = 0, 2, 4, MM) on
Enhancing The Ion Transport in Poly (Ethylene Oxide) Based Solid Polymer Electrolytes:
The Optical and Electrical Characteristics. Journal of Physics: Conference Series. 2021; 1805(1):
012020. DOL: https://doi.org/10.1088/1742-6596/1805/1/012020.

[10] Yuan T, et al. Carbon Quantum Dots: An Emerging Material for Optoelectronic

Permono Adi Putro, et al 149


https://doi.org/10.1039/C4CS00269E
https://doi.org/10.1016/j.carbon.2017.08.072
https://doi.org/10.1021/acsnano.9b00688
https://doi.org/10.1002/advs.201901316
https://doi.org/10.1016/j.carbon.2020.06.024
https://doi.org/10.1063/1.5132686
https://doi.org/10.1016/j.jece.2019.103187
https://doi.org/10.48048/wjst.2021.9184
https://doi.org/10.1088/1742-6596/1805/1/012020

Jurnal Penelitian Fisika dan Aplikasinya (JPFA), 2022; 12(2): 138-155

Applications. Journal of Materials Chemistry C. 2019; 7(23): 6820-6835. DOL
https://doi.org/10.1039/C9TC01730E.

[11] Mistry B, et al. Harnessing the N-Dopant Ratio in Carbon Quantum Dots for Enhancing the
Power Conversion Efficiency of Solar Cells. Sustainable Energy & Fuels. 2019; 3(11): 3182—
3190. DOI: https://doi.org/10.1039/C9SE00338].

[12] Roza L, et al. ZnO Nanorods Decorated with Carbon Nanodots and Its Metal Doping as
Efficient Photocatalyst for Degradation of Methyl Blue Solution. Optical Materials. 2020; 109:
110360. DOIL: https://doi.org/10.1016/j.0ptmat.2020.110360.

[13] Cong S, et al. Biocompatible Fluorescent Carbon Dots Derived from Roast Duck for in Vitro
Cellular and in Vivo C. elegans Bio-Imaging. Methods. 2019; 168: 76-83. DOI:
https://doi.org/10.1016/j.ymeth.2019.07.007.

[14] Das P, et al. Heteroatom Doped Blue Luminescent Carbon Dots as a Nano-Probe for

Targeted Cell Labeling and Anticancer Drug Delivery Vehicle. Materials Chemistry and
Physics. 2019; 237: 121860. DOI: https://doi.org/10.1016/j.matchemphys.2019.121860.

[15] Shariati-Rad M and Ghorbani Z. Carbon Dot-Based Colorimetric Sensor Array for the
Discrimination of Different Water Samples. Analytical Methods. 2019; 11(43): 5584-5590.
DOL:https://doi.org/10.1039/CIAY01439].

[16] Liang JY, et al. Carbon Dots-Based Fluorescent Turn off/on Sensor for Highly Selective and

Sensitive Detection of Hg? and Biothiols. Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy. 2019; 222: 117260. DOI: https://doi.org/10.1016/j.saa.2019.117260.

[17] Wang C, et al. Facile Synthesis of Novel Carbon Quantum Dots from Biomass Waste for
Highly Sensitive Detection of Iron lons. Materials Research Bulletin. 2020; 124: 110730. DOI:
https://doi.org/10.1016/j.materresbull.2019.110730.

[18] Shekarbeygi Z, et al. The Effects of Rose Pigments Extracted by Different Methods on the
Optical Properties of Carbon Quantum Dots and Its Efficacy in the Determination of
Diazinon. Microchemical Journal. 2020; 158: 105232. DOI:
https://doi.org/10.1016/j.microc.2020.105232.

[19] Senol AM and Bozkurt E. Facile Green and One-Pot Synthesis of Seville Orange Derived
Carbon Dots as a Fluorescent Sensor for Fe* Ions. Microchemical Journal. 2020; 159: 105357.
DOI: https://doi.org/10.1016/j.microc.2020.105357.

[20] Qiu Y, et al. Facile, Green and Energy-Efficient Preparation of Fluorescent Carbon Dots

from Processed Traditional Chinese Medicine and Their Applications for on-Site Semi-
Quantitative Visual Detection of Cr(VI). Sensors and Actuators B: Chemical. 2020; 324: 128722.
DOI: https://doi.org/10.1016/j.snb.2020.128722.
[21] Ma Z, et al. Carbon Dots Derived from the Maillard Reaction for PH Sensors and Cr (VI)
Detection. Nanomaterials. 2020; 10(10): 1924. DOI: https://doi.org/10.3390/nan010101924.
[22] Sun D, et al. Hydrothermal Synthesis of Fluorescent Carbon Dots from Gardenia Fruit for

Sensitive On-off-on Detection of Hg?* and Cysteine. Spectrochimica Acta Part A: Molecular
and Biomolecular Spectroscopy. 2020; 240: 118598. DOI
https://doi.org/10.1016/j.saa.2020.118598.

[23] Zulfajri M, et al. Utilization of Carbon Dots Derived from Volvariella Volvacea Mushroom

for a Highly Sensitive Detection of Fe* and Pb?" Ions in Aqueous Solutions. Chemosensors.
2020; 8(3): 47. DOI: https://doi.org/10.3390/chemosensors8030047.

[24] Huang S, et al. Amino-Functional Carbon Quantum Dots as a Rational Nanosensor for Cu?".
Microchemical Journal. 2020; 159: 105494. DOI: https://doi.org/10.1016/j.microc.2020.105494.

Permono Adi Putro, et al 150


https://doi.org/10.1039/C9TC01730E
https://doi.org/10.1039/C9SE00338J
https://doi.org/10.1016/j.optmat.2020.110360
https://doi.org/10.1016/j.ymeth.2019.07.007
https://doi.org/10.1016/j.matchemphys.2019.121860
https://doi.org/10.1039/C9AY01439J
https://doi.org/10.1016/j.saa.2019.117260
https://doi.org/10.1016/j.materresbull.2019.110730
https://doi.org/10.1016/j.microc.2020.105232
https://doi.org/10.1016/j.microc.2020.105357
https://doi.org/10.1016/j.snb.2020.128722
https://doi.org/10.3390/nano10101924
https://doi.org/10.1016/j.saa.2020.118598
https://doi.org/10.3390/chemosensors8030047
https://doi.org/10.1016/j.microc.2020.105494

Jurnal Penelitian Fisika dan Aplikasinya (JPFA), 2022; 12(2): 138-155

[25] Hoan BT, et al. A Green Luminescence of Lemon Derived Carbon Quantum Dots and Their
Applications for Sensing of V>* Ions. Materials Science and Engineering: B. 2019; 251: 114455.
DOI: https://doi.org/10.1016/j.mseb.2019.114455.

[26] Jayaweera S, Yin K, Hu X, and Ng W]J. Fluorescent N/Al Co-Doped Carbon Dots from
Cellulose Biomass for Sensitive Detection of Manganese (VII). Journal of Fluorescence. 2019;
29(6): 1291-1300. DOI: https://doi.org/10.1007/s10895-019-02452-7.

[27] Song ], et al. Novel Single Excitation Dual-Emission Carbon Dots for Colorimetric and
Ratiometric Fluorescent Dual Mode Detection of Cu?* and Al¥* Ions. RSC Advances. 2019;
9(66): 38568-38575. DOIL: https://doi.org/10.1039/CIRA07030C.

[28] Wang L, et al. Controllable Synthesis of Carbon Dots with Excitation-Wavelength-
Dependent or Independent Photoluminescence for the Selective and Sensitive Detection of
Co* Ions. ChemistrySelect. 2018; 3(42): 11791-11799. DOL
https://doi.org/10.1002/s1ct.201802784.

[29] Yang M, et al. Reversible “Off-On” Fluorescence of Zn?**-Passivated Carbon Dots:
Mechanism and Potential for the Detection of EDTA and Zn?*". Langmuir. 2018; 34(26): 7767—
7775. DOI: https://doi.org/10.1021/acs.langmuir.8b00947.

[30] Liu G, et al. Dual-Modal Fluorescence and Light-Scattering Sensor Based on Water-Soluble
Carbon Dots for Silver Ions Detection. Analytical Methods. 2017; 9(38): 5611-5617. DOI:
https://doi.org/10.1039/C7AY01873H.

[31] Liu J, et al. Carbon Dot-Based Nanocomposite: Long-Lived Thermally Activated Delayed
Fluorescence for Lifetime Thermal Sensing. Dyes and Pigments. 2020; 181: 108576. DOI:
https://doi.org/10.1016/j.dyepig.2020.108576.

[32] He G, et al. Linear Humidity Response of Carbon Dot-Modified Molybdenum Disulfide.
Physical Chemistry Chemical Physics. 2018; 20(6): 4083-4091. DOI:
https://doi.org/10.1039/C7CP07125F.

[33] Kumari M and Chaudhary S. Modulating the Physicochemical and Biological Properties of

Carbon Dots Synthesised from Plastic Waste for Effective Sensing of E. Coli. Colloids and
Surfaces B: Biointerfaces. 2020; 196: 111333. DOL:
https://doi.org/10.1016/j.colsurfb.2020.111333.

[34] Ahmadian-Fard-Fini S, Ghanbari D and Salavati-Niasari M. Photoluminescence Carbon
Dot as a Sensor for Detecting of Pseudomonas Aeruginosa Bacteria: Hydrothermal

Synthesis of Magnetic Hollow NiFe:0s-Carbon Dots Nanocomposite Material. Composites
Part B: Engineering. 2019; 161: 564-577. DOI:
https://doi.org/10.1016/j.compositesb.2018.12.131.

[35] Latha M, et al. N-Doped Oxidized Carbon Dots for Methanol Sensing in Alcoholic
Beverages. RSC Advances. 2020; 10(38): 22522-22532. DOL:
https://doi.org/10.1039/DORA02694H.

[36] Cheng M, et al. Carbon Dots Decorated Hierarchical Litchi-like In2Os Nanospheres for
Highly Sensitive and Selective NO2 Detection. Sensors and Actuators B: Chemical. 2020; 304:
127272. DOI: https://doi.org/10.1016/j.snb.2019.127272.

[37] Travlou NA, Secor J, and Bandosz T]. Highly Luminescent S-Doped Carbon Dots for the
Selective  Detection of Ammonia. Carbon. 2017, 114: 544-556. DOI:
https://doi.org/10.1016/j.carbon.2016.12.035.

[38] He Y, et al. Luminescent Carbon Dots Assembled into Mesoporous Aluminas for Oxygen
Sensing. Optical Materials Express. 2017; 7(3): 945-954. DO

Permono Adi Putro, et al 151


https://doi.org/10.1016/j.mseb.2019.114455
https://doi.org/10.1007/s10895-019-02452-7
https://doi.org/10.1039/C9RA07030C
https://doi.org/10.1002/slct.201802784
https://doi.org/10.1021/acs.langmuir.8b00947
https://doi.org/10.1039/C7AY01873H
https://doi.org/10.1016/j.dyepig.2020.108576
https://doi.org/10.1039/C7CP07125F
https://doi.org/10.1016/j.colsurfb.2020.111333
https://doi.org/10.1016/j.compositesb.2018.12.131
https://doi.org/10.1039/D0RA02694H
https://doi.org/10.1016/j.snb.2019.127272
https://doi.org/10.1016/j.carbon.2016.12.035

Jurnal Penelitian Fisika dan Aplikasinya (JPFA), 2022; 12(2): 138-155

https://doi.org/10.1364/OME.7.000945.

[39] Liu H, Ding J, Chen L, and Ding L. A Novel Fluorescence Assay Based on Self-Doping
Biomass Carbon Dots for Rapid Detection of Dimethoate. Journal of Photochemistry and
Photobiology A: Chemistry. 2020; 400: 112724. DOIL
https://doi.org/10.1016/j.jphotochem.2020.112724.

[40] Zhang S, et al. Carbon-Dot-Based Colorimetric Turn-on Probe for Selectively Detecting
Thiophenols. Materials Letters. 2020; 277: 128390. DOI:
https://doi.org/10.1016/j.matlet.2020.128390.

[41] Hua ], et al. Ratiometric FLuorescence Nanoprobe for Monitoring of Intracellular

Temperature and Tyrosine Based on a Dual Emissive Carbon Dots/Gold Nanohybrid.
Talanta. 2020; 219: 121279. DOI: https://doi.org/10.1016/j.talanta.2020.121279.

[42] Zhang Z and Fan Z. Application of Magnesium Ion Doped Carbon Dots Obtained via
Hydrothermal Synthesis for Arginine Detection. New Journal of Chemistry. 2020; 44(12):
4842-4849. DOIL: https://doi.org/10.1039/CIN]J06409E.

[43] Tabaraki R and Abdi O. Green and Simple Turn off/on Fluorescence Sensor for Mercury (II),
Cysteine and Histidine. Journal of Molecular Liquids. 2018; 251: 77-82. DOI:
https://doi.org/10.1016/j.molliq.2017.12.047.

[44] Ren G, et al. Efficient Preparation of Nitrogen-Doped Fluorescent Carbon Dots for Highly

Sensitive Detection of Metronidazole and Live Cell Imaging. Spectrochimica Acta Part A:
Molecular and Biomolecular Spectroscopy. 2020; 234: 118251. DOI:
https://doi.org/10.1016/j.saa.2020.118251.

[45] Zhao Z, et al. Preparation of Carbon Dots from Waste Cellulose Diacetate as a Sensor for

Tetracycline Detection and Fluorescence Ink. International Journal of Biological
Macromolecules. 2020; 164: 4289-4298. DOI: https://doi.org/10.1016/j.ijpiomac.2020.08.243.
[46] Wang Y, et al. k-Carrageenan-Derived Carbon Dots for Highly Selective and Sensitive
Detection of Fe* and Oxytetracycline. Journal of Materials Science. 2021; 56(2): 1272-1285.
DOI: https://doi.org/10.1007/s10853-020-05301-2.
[47] Akhgari F, Samadi N, and Farhadi K. Fluorescent Carbon Dot as Nanosensor for Sensitive

and Selective Detection of Cefixime Based on Inner Filter Effect. Journal of Fluorescence. 2017;
27(3): 921-927. DOI: https://doi.org/10.1007/s10895-017-2027-0.

[48] Sohal N, Maity B and Basu S. Carbon Dot-MnO: Nanosphere Composite Sensors for
Selective Detection of Glutathione. ACS Applied Nano Materials. 2020; 3(6): 5955-5964. DOI:
https://doi.org/10.1021/acsanm.0c01088.

[49] Tiwari P, et al. Cannabis Sativa -Derived Carbon Dots Co-Doped with N-S: Highly Efficient
Nanosensors for Temperature and Vitamin B12. New Journal of Chemistry. 2019; 43(43):
17058-17068. DOI: https://doi.org/10.1039/CINJ04061G.

[50] Tang Q, et al. Redox Induced Dual-Signal Optical Sensor of Carbon Dots/MnO: Nanosheets
Based on Fluorescence and Second-Order Scattering for the Detection of Ascorbic Acid.
Microchimica Acta. 2020; 187(8): 475. DOI: https://doi.org/10.1007/s00604-020-04459-5.

[61] Li W, et al. Fluorescent Paper—Based Sensor Based on Carbon Dots for Detection of Folic
Acid. Analytical and Bioanalytical ~Chemistry. 2020; 412(12): 2805-2813. DOL:
https://doi.org/10.1007/s00216-020-02507-w.

[52] Azizi B, Farhadi K, and Samadi N. Functionalized Carbon Dots from Zein Biopolymer as a

Sensitive and Selective Fluorescent Probe for Determination of Sumatriptan. Microchemical
Journal. 2019; 146: 965-973. DOI: https://doi.org/10.1016/j.microc.2019.02.026.

Permono Adi Putro, et al 152


https://doi.org/10.1364/OME.7.000945
https://doi.org/10.1016/j.jphotochem.2020.112724
https://doi.org/10.1016/j.matlet.2020.128390
https://doi.org/10.1016/j.talanta.2020.121279
https://doi.org/10.1039/C9NJ06409E
https://doi.org/10.1016/j.molliq.2017.12.047
https://doi.org/10.1016/j.saa.2020.118251
https://doi.org/10.1016/j.ijbiomac.2020.08.243
https://doi.org/10.1007/s10853-020-05301-2
https://doi.org/10.1007/s10895-017-2027-0
https://doi.org/10.1021/acsanm.0c01088
https://doi.org/10.1039/C9NJ04061G
https://doi.org/10.1007/s00604-020-04459-5
https://doi.org/10.1007/s00216-020-02507-w
https://doi.org/10.1016/j.microc.2019.02.026

Jurnal Penelitian Fisika dan Aplikasinya (JPFA), 2022; 12(2): 138-155

[63] Maleki S, Madrakian T, and Afkhami A. Application of Polyacrylonitrile Nanofibers
Decorated with Magnetic Carbon Dots as a Resonance Light Scattering Sensor to Determine
Famotidine. Talanta. 2018; 181: 286-295. DOI: https://doi.org/10.1016/j.talanta.2018.01.021.

[54] Fu L, et al. A Glassy Carbon Electrode Modified with N-Doped Carbon Dots for Improved
Detection of Hydrogen Peroxide and Paracetamol. Microchimica Acta. 2018; 185(2): 87. DOLI:
https://doi.org/10.1007/s00604-017-2646-9.

[55] Majumdar S, Bhattacharjee T, Thakur D and Chowdhury D. Carbon Dot Based
Fluorescence Sensor for Retinoic Acid. ChemistrySelect. 2018; 3(2): 673-677. DOIL
https://doi.org/10.1002/slct.201702458.

[56] Ensafi AA, et al. A Novel One-Step and Green Synthesis of Highly Fluorescent Carbon Dots
from Saffron for Cell Imaging and Sensing of Prilocaine. Sensors and Actuators B: Chemical.
2017; 253: 451-460. DOI: https://doi.org/10.1016/j.snb.2017.06.163.

[57] Crista DMA, et al. 3-Hydroxyphenylboronic Acid-Based Carbon Dot Sensors for Fructose
Sensing. Journal of Fluorescence. 2019; 29(1): 265-270. DOI: https://doi.org/10.1007/s10895-
018-02336-2.

[58] Chao D, et al. Ultrastable and Ultrasensitive PH-Switchable Carbon Dots with High
Quantum Yield for Water Quality Identification, Glucose Detection, and Two Starch-Based
Solid-State Fluorescence Materials. Nano Research. 2020; 13(11): 3012-3018. DOI:
https://doi.org/10.1007/s12274-020-2965-8.

[59] Pritchard A. Statistical Bibliography or Bibliometrics?. Journal of Documentation. 1969; 25(4):
348-349.

[60] Sousa JCA, et al. Bibliometric Analysis of the Research Progress on Graphene Inks from
2008 to 2018. International Journal of Chemical and Materials Engineering. 2019; 13(6): 308-312.
DOI: https://doi.org/10.5281/zenod0.3299773.

[61] Santos JCM, et al. Research Trends on Magnetic Graphene for Water Treatment: A

Bibliometric Analysis. International Journal of Chemical and Materials Engineering. 2019; 13(6):
313-318. DOI: https://doi.org/10.5281/zenod0.3299777.

[62] Fu H-Z, Wang M-H, and Ho Y-S. Mapping of Drinking Water Research: A Bibliometric
Analysis of Research Output during 1992-2011. Science of The Total Environment. 2013; 443:
757-765. DOL: https://doi.org/10.1016/j.scitotenv.2012.11.061.

[63] Zupic 1 and Cater T. Bibliometric Methods in Management and Organization.
Organizational Research Methods. 2015; 18(3): 429-472. DOL:
https://doi.org/10.1177/1094428114562629.

[64] Secinaro S, Brescia V, Calandra D, and Biancone P. Employing Bibliometric Analysis to
Identify Suitable Business Models for Electric Cars. Journal of Cleaner Production. 2020; 264:
121503. DOIL: https://doi.org/10.1016/j.jclepro.2020.121503.

[65] Elaish MM, et al. A Bibliometric Analysis of M-Learning from Topic Inception to 2015.
International  Journal of Mobile Learning and Organisation. 2019; 13(1): 91. DOL:
https://doi.org/10.1504/IIML.O.2019.096470.

[66] Nordin N, Khalid S-NA, Ibrahim NA and Samsudin MA. Bibliometric Analysis of
Publication Trends in Family Firms” Social Capital in Emerging Economies. Journal of

Entrepreneurship, Business and Economics. 2020; 8(1): 144-179. Available from:
http://scientificia.com/index.php/JEBE/article/view/133.

[67] Falagas ME, Pitsouni EI, Malietzis GA and Pappas G. Comparison of PubMed, Scopus, Web
of Science, and Google Scholar: Strengths and Weaknesses. The FASEB Journal. 2008; 22(2):

Permono Adi Putro, et al 153


https://doi.org/10.1016/j.talanta.2018.01.021
https://doi.org/10.1002/slct.201702458
https://doi.org/10.1016/j.snb.2017.06.163
https://doi.org/10.1007/s10895-018-02336-2
https://doi.org/10.1007/s10895-018-02336-2
https://doi.org/10.1007/s12274-020-2965-8
https://doi.org/10.5281/zenodo.3299773
https://doi.org/10.5281/zenodo.3299777
https://doi.org/10.1016/j.scitotenv.2012.11.061
https://doi.org/10.1177/1094428114562629
https://doi.org/10.1016/j.jclepro.2020.121503
https://doi.org/10.1504/IJMLO.2019.096470
http://scientificia.com/index.php/JEBE/article/view/133

Jurnal Penelitian Fisika dan Aplikasinya (JPFA), 2022; 12(2): 138-155

338-342. DOL: https://doi.org/10.1096/f].07-9492L SF.

[68] Sweileh WM. Bibliometric Analysis of Scientific Publications on “Sustainable Development
Goals” with Emphasis on “Good Health and Well-Being” Goal (2015-2019). Globalization
and Health. 2020; 16(1): 68. DOI: https://doi.org/10.1186/s12992-020-00602-2.

[69] Hudha MN, et al. Low Carbon Education: A Review and Bibliometric Analysis. European
Journal of Educational Research. 2020; 9(1): 319-329. DOI: https://doi.org/10.12973/eu-

jer.9.1.319.
[70] Setyaningsih I, Indarti N, and Jie F. Bibliometric Analysis of the Term “Green

Manufacturing.” International Journal of Management Concepts and Philosophy. 2018; 11(3): 315.
DOI: https://doi.org/10.1504/IJMCP.2018.093500.
[71] Tranfield D, Denyer D, and Smart P. Towards a Methodology for Developing Evidence-

Informed Management Knowledge by Means of Systematic Review. British Journal of
Management. 2003; 14(3): 207-222. DOI: https://doi.org/10.1111/1467-8551.00375.

[72] Ebrahim NA, et al. Visibility and Citation Impact. International Education Studies. 2014; 7(4):
120-125. DOI: https://doi.org/10.5539/ies.v7n4p120.

[73] Adams J. Early Citation Counts Correlate with Accumulated Impact. Scientometrics. 2005;
63(3): 567-581. DOI: https://doi.org/10.1007/s11192-005-0228-9.

[74] Yu H, et al. Assessment on the Research Trend of Low-Carbon Energy Technology
Investment: A Bibliometric Analysis. Applied Energy. 2016, 184: 960-970. DOL:
https://doi.org/10.1016/j.apenergy.2016.07.129.

[75] HamidahI, Sriyono S, and Hudha MN. A Bibliometric Analysis of Covid-19 Research Using
VOSviewer. Indonesian Journal of Science and Technology. 2020; 5(2): 209-216. DOI:
https://doi.org/10.17509/ijost.v5i2.24522.

[76] Ahmi A and Mohamad R. Examining the Trend of Published Dissertation on Web
Accessibility: A Bibliometric Analysis. AIP Conference Proceedings. 2018; 2016(1): 020020.
DOI: https://doi.org/10.1063/1.5055422.

[77] McNaught C and Lam P. Using Wordle as a Supplementary Research Tool. The Qualitative
Report. 2010; 15(3): 630-643. DOI: https://doi.org/10.46743/2160-3715/2010.1167.

[78] Ida T and Fukuzawa N. Effects of Large-Scale Research Funding Programs: A Japanese
Case Study. Scientometrics. 2013; 94(3): 1253-1273. DOI: https://doi.org/10.1007/s11192-012-
0841-3.

[79] Zhu S, et al. Highly Photoluminescent Carbon Dots for Multicolor Patterning, Sensors, and
Bioimaging. Angewandte Chemie International Edition. 2013; 52(14): 3953-3957. DOLI:
https://doi.org/10.1002/anie.201300519.

[80] Shen J, Zhu Y, Yang X, and Li C. Graphene Quantum Dots: Emergent Nanolights for
Bioimaging, Sensors, Catalysis and Photovoltaic Devices. Chemical Communications. 2012;
48(31): 3686. DOI: https://doi.org/10.1039/C2CCO0110A.

[81] Ding C, Zhu A, and Tian Y. Functional Surface Engineering of C-Dots for Fluorescent
Biosensing and in Vivo Bioimaging. Accounts of Chemical Research. 2014; 47(1): 20-30. DOL:
https://doi.org/10.1021/ar400023s.

[82] Nie H, et al. Carbon Dots with Continuously Tunable Full-Color Emission and Their
Application in Ratiometric pH Sensing. Chemistry of Materials. 2014; 26(10): 3104-3112. DOL:
https://doi.org/10.1021/cm5003669.

[83] Yang Z, et al. Nitrogen-Doped, Carbon-Rich, Highly Photoluminescent Carbon Dots from
Ammonium Citrate. Nanoscale. 2014; 6(3): 1890-1895. DOL:

Permono Adi Putro, et al 154


https://doi.org/10.1096/fj.07-9492LSF
https://doi.org/10.1186/s12992-020-00602-2
https://doi.org/10.12973/eu-jer.9.1.319
https://doi.org/10.12973/eu-jer.9.1.319
https://doi.org/10.1504/IJMCP.2018.093500
https://doi.org/10.1111/1467-8551.00375
https://doi.org/10.5539/ies.v7n4p120
https://doi.org/10.1007/s11192-005-0228-9
https://doi.org/10.1016/j.apenergy.2016.07.129
https://doi.org/10.17509/ijost.v5i2.24522
https://doi.org/10.1063/1.5055422
https://doi.org/10.46743/2160-3715/2010.1167
https://doi.org/10.1007/s11192-012-0841-3
https://doi.org/10.1007/s11192-012-0841-3
https://doi.org/10.1002/anie.201300519
https://doi.org/10.1039/C2CC00110A
https://doi.org/10.1021/ar400023s
https://doi.org/10.1021/cm5003669

Jurnal Penelitian Fisika dan Aplikasinya (JPFA), 2022; 12(2): 138-155

https://doi.org/10.1039/C3NR05380EF.

[84] Qu K, Wang ], Ren J and Qu X. Carbon Dots Prepared by Hydrothermal Treatment of
Dopamine as an Effective Fluorescent Sensing Platform for the Label-Free Detection of
Iron(Ill) Ions and Dopamine. Chemistry - A European Journal. 2013; 19(22): 7243-7249. DOL:
https://doi.org/10.1002/chem.201300042.

[85] Zheng M, et al. On-Off-On Fluorescent Carbon Dot Nanosensor for Recognition of
Chromium(VI) and Ascorbic Acid Based on the Inner Filter Effect. ACS Applied Materials &
Interfaces. 2013; 5(24): 13242-13247. DOI: https://doi.org/10.1021/am4042355.

[86] Zhu A, et al. Carbon-Dot-Based Dual-Emission Nanohybrid Produces a Ratiometric
Fluorescent Sensor for In Vivo Imaging of Cellular Copper lons. Angewandte Chemie
International Edition. 2012; 51(29): 7185-7189. DOI: https://doi.org/10.1002/anie.201109089.

[87] Yu C, et al. Carbon-Dot-Based Ratiometric Fluorescent Sensor for Detecting Hydrogen
Sulfide in Aqueous Media and inside Live Cells. Chem. Commun. 2013; 49(4): 403—405. DOLI:
https://doi.org/10.1039/C2CC37329G.

[88] Shen P and Xia Y. Synthesis-Modification Integration: One-Step Fabrication of Boronic Acid

Functionalized Carbon Dots for Fluorescent Blood Sugar Sensing. Analytical Chemistry. 2014;
86(11): 5323-5329. DOI: https://doi.org/10.1021/ac5001338.

[89] Liu Y, et al. Red Emission B, N, S- Co -Doped Carbon Dots for Colorimetric and Fluorescent
Dual Mode Detection of Fe** Ions in Complex Biological Fluids and Living Cells. ACS
Applied Materials & Interfaces. 2017; 9(14): 12663-12672. DOI:
https://doi.org/10.1021/acsami.6b15746.

[90] Yan X, et al. MnO: Nanosheet-Carbon Dots Sensing Platform for Sensitive Detection of
Organophosphorus Pesticides. Analytical Chemistry. 2018; 90(4): 2618-2624. DOI:
https://doi.org/10.1021/acs.analchem.7b04193.

[91] Lin Y, et al. Signal-On Photoelectrochemical Immunoassay for Aflatoxin B 1 Based on

Enzymatic Product-Etching MnO:2 Nanosheets for Dissociation of Carbon Dots. Analytical
Chemistry. 2017; 89(10): 5637-5645. DOI: https://doi.org/10.1021/acs.analchem.7b00942.

[92] Sweileh WM. Health-Related Publications on People Living in Fragile States in the Alert
Zone: A Bibliometric Analysis. International Journal of Mental Health Systems. 2020; 14(1): 70.
DOI: https://doi.org/10.1186/s13033-020-00402-6.

Permono Adi Putro, et al 155


https://doi.org/10.1039/C3NR05380F
https://doi.org/10.1002/chem.201300042
https://doi.org/10.1021/am4042355
https://doi.org/10.1002/anie.201109089
https://doi.org/10.1039/C2CC37329G
https://doi.org/10.1021/ac5001338
https://doi.org/10.1021/acsami.6b15746
https://doi.org/10.1021/acs.analchem.7b04193
https://doi.org/10.1021/acs.analchem.7b00942
https://doi.org/10.1186/s13033-020-00402-6

