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Abstract: Two-dimensional (2D) materials such as transition metal dichalcogenides have attracted tremendous scientific

interests owing to their potential of solving the zero band-gap issue of graphene. In this work, the research areas and

technology evolutionary dynamics of the 2D materials were identified using the scientometric method focusing on keyword

mapping and clustering. The time-series analysis showed that the technological progress of 2D material is in the early

growth period. The overlay mapping analysis were carried out to investigate the technology evolution of 2D materials with

time. The strategic diagram of co-word analysis classifying the topological positions of keyword was derived to support

the analysis results. It is conjectured that extensive research will be conducted widely on the application of 2D materials

not only in electronic and optoelectronic devices, but also in various other fields such as biomedical applications, and that

their development will be more rapid based on accumulated results of extant graphene research.
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Fig. 1. Research process to investigate the research areas and
evolution of 2D materials.
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Fig. 2. Number of papers by publication year for 2D Materials
and (inset) 2D Materials, Graphene, Carbon Nanotube.
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Fig. 3. Cumulative number of papers with prediction value (blue
dashed line) until PY=2027 (95% confidence interval) by publication
year for 2D Materials, (inset) Graphene and Carbon Nanotube.
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Table 1. The core keywords and properties by clusters of 2D
materials research.

Cluster# of Keywords Properties Core keywords

electronic structure,
band structure, transport,
transition,

total energy calculation,

Physical ~ charge density wave,

Cl 355 . "
properties  phase-transition,
lithium intercalation,
magnetic properties,
superconductivity,

topological insulator

black phosphorus,
semiconductor,
optical properties,
Applications phototransitior,
C2 241 for
optoelectronics optoelectronic devices,

photoluminescence,

p-n junction,
heterojunction,
quantum-well

electronics,

field-effect transistor,

integrated-circuit,
Applications chemical vapor-deposition,

C3 166 . .
for electronics large-area synthesis,
gas sensor, atomic layers,
thin-layers,
hexagonal boron nitride
. hydrogen evolution reaction,
Applications talvst
catalyst,
for other fields . .y .
lithium ion battery,
(energy
torage energy storage,
S s .
C4 83 batter%i;es supercapacitor,
. . electrochemical performance,
biomedical i .
.. biosensor, drug-delivery,
applications,

exfoliation, fabrication,
etc.) . .
intercalation
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Table 2. Number of papers and number of keywords used in

keyword mapping analysis.

. . # of # of Technology
Time Period Year Papers Keywords Cycle Time
Period 1 1986~2000 446 36
Beginning
Period 2 2001~2010 453 52
Period 3 2011~2013 593 86 Emerging
Period 4  2014~2015 2,302 299
Growing
Period 5 2016~2017 4,897 561
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Fig. 5. Overlay keyword map on period 1 (1986~2000).

Fig. 6. Overlay keyword map on period 2 (2001~2010).
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Table 3. The core keywords by themes on strategic diagram of

Theme # of Keywords

Core keywords

field-effect transistor
chemical vapor-deposition
molybdenum disulfide
transition-metal
dichalcogenide

hydrogen evolution reaction
black phosphorus

lithium ion battery
p-n-junction

hexagonal boron-nitride

quantum-well
superconductivity

high volumetric capacitance
photocurrent generation

exfoliated black phosphorus
vertical heterostructures
piezotronics
direct-band-gap
terahertz

organic solar-cells
hydrogen storage
sodium-ion battery
biomedical applications
heterojunction solar-cells
drug-delivery
cancer-therapy
liquid-phase exfoliation

layered material
charge-transfer
nanowire
nanocrystals

bilayer graphene
transparent

carbon nanotube
atomically thin mos2
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