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2D Materials: Graphene
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https://www.nobelprize.org/prizes/physics/2010/summary/

https://www.nobelprize.org/uploads/2018/06/press-9.pdf Zheng, Qingbin et al. Materials Today 36 (2020): 158-179



2D Materials: Graphene

• Properties
o strongest material ever tested
o very flexible
o very light 
o efficiently conducts heat and electricity 
onearly transparent
o zero-gap semiconductor

flexible displays
https://newatlas.com/graphene-led-display-flexible-electronics/35884/

Bulletproof graphene
J. Lee, P. E. Loya, J. Lou, E. L. Thomas, Science, 
346, 2014, 1092

Catlike has managed to incorporate 
Graphene nano-fibers into the 
manufacturing of cycling helmets, 
giving the head of cyclists maximum 
protection with minimum weight.



2D Materials: Graphene

• Patents (Publication year range 2004 to 2017 )
ØNumber of patent publications 49912 
ØNumber of patent families 30963 
ØTop Applicant Samsung Electronics Co Ltd

Yang Xi et al., Sustainability 2018, 10, 4800

https://patentanalysis.org/graphene-patent-
analysis-study/



2D Materials: Graphene

• Samsung (top patent applicant)
• Interested in graphene because it is highly

flexible, incredible strong and is a good
conductor of heat making it the perfect material
for use in flexible displays and wearables,
something Samsung is betting on heavily with
devices like the Gear Fit fitness tracker it
launched at Mobile World Congress.

• The Samsung Advanced Institute of Technology
(SAIT), in partnership with South Korea’s
Sungkyunkwan University (SKKU) have
announced a new breakthrough in the mass
manufacturing techniques for graphene, the
substance that is widely expected to take over
from silicon as the material of choice in next
generation electronics.

• It’s hoped that this manufacturing process could
drastically reduce the cost of creating large
quantities of graphene which is still prohibitively
expensive for use in consumer electronics.

Graphene patent landscape map highlighting Samsung patents. 
focus: energy storage, flexible electronics

http://www.htxt.co.za/2014/04/07/samsung-makes-
graphene-breakthrough/



3D band structure of graphene sheet



Charge carriers in graphene are called massless Dirac fermions 
and are described by a 2D analog of the Dirac equation, with the 
Fermi velocity vF ≈ 1 × 106 m/s playing the role of the speed of 
light

Science 19 Jun 2009: Vol. 324, Issue 5934, pp. 
1530-1534 DOI: 10.1126/science.1158877



Graphene Magic Angle

https://news.mit.edu/2020/twists-magic-angle-graphene-map-0508
Twistronics’ tunes 2D material properties



2D Materials: Beyond Graphene

• Cons: 
• no bandwidth
• very hydrophobic 
• very expensive and hard to manufacture
• hard to produce in large usable sheets.

• Other 2D materials
• MXenes
• TMDCs
• Silicene
• h-BN etc.

• Heterostructures
• Graphene/MXene
• Graphene/TMDC
• Graphene/h-BN 
• etc.

https://cen.acs.org/articles/95/i22/2-D-materials-beyond-graphene.html



2D Materials: Beyond Graphene
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W. Wu, et al. Nature 514 (2014) 470
N. Choudhary, et al. J. Mater. Chem. A 3 (2015) 24049 
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S. Cui, et al. Nat. Commun. 6 (2015) 8632
D. Sarkar, et al. ACS Nano 8 (2014) 3992
W. Choi et al. Materials Today 20 (2017), 3



Graphene and 2D Materials

Garcia-Miranda Ferrari, 
A., et al.  (2021). 
Analytical and 
Bioanalytical Chemistry, 
413(3), 663-672.

M. Akhtar et 
al., Npj 2D 
Mater. Appl. 1, 
5 (2017) 





2D Materials: TMDCs

https://phys.org/news/2016-04-scientists-valleytronics-
closer-reality.html

L. M. Xie, Nanoscale, 2015, 7, 18392-18401 
W. Choi et al., Materials Today 20 (2017), 3



2D Materials: MXenes

• MXenes ‘Mn+1Xn’
• Are obtained from ‘MAX’ phases by removing ‘A’  

atoms
• Functionalization ‘Mn+1XnT’

• Surface termination groups ‘T’ emerges in production



MXenes



2D Materials: MXenes

• Predicted to be metallic
• Tunable properties
• Surface terminations
• Different metals or pairing

• combines metallic conductivity with 
the hydrophilic nature of termination
groups
• promising for 
• Li-ion batteries 
• Supercapacitors
• Composites
• Photocatalysis
• water purification
• gas sensors

Yury Gogotsi and Babak Anasori, ACS Nano 2019, 13, 8, 8491–8494



2D Materials: MXenes

Y. Gogotsi, B. Anasori, ACS Nano 13, 2019, 8491-8494 Nature Reviews Materials 2, Article number: 16098 (2017)



2D Materials: MXenes





2D Materials - Magnetism

Zhang, W., et al. (2019) 
InfoMat, 1(4), 479-495.



Applications of Magnetism

Sethulakshmi, N. et al. Materials Today 27 
(2019): 107-122.



2D Magnetic Materials

Bagga, V., & Kaur, D. (2020). Materials Today: Proceedings, 28, 1938-1942.



Spin and Magnetism in 2D Materials

Vedmedenko, E. Y. et al (2020). Journal of Physics D: 
Applied Physics, 53(45), 453001.



2D Magnetic Materials

Wei Li et al., ACS Appl. Mater. 
Interfaces 2021, 13, 43, 50591–50601

Zhao, Z. et al. (2021) Small Structures, 2(10), 2100077.



2D Magnetic Materials



2D Magnetic Materials



2D Magnetic Materials: CrI3



V-based van der Waals Magnets: VX2(X=S, Se, Te)

r

Zhang H. et al. J. Mater. Chem. A, 2013,1, 10821-10828 
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