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Lesson # 1: Graphene is soft !
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The physical properties are affected by its softness
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Graphene Folds !
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Softness is not a nuisance. It can be
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Lesson #2: Electrons are affected by 
the strain, shear and bending 
deformations of graphene.  
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Armchair direction



10
Armchair direction Zigzag direction



11



11



11

T



11

Tt

t

t

tt’

t’

t’



11

Tt

t

t

tt’

t’

t’

t’<<t

“one-dimensionalization”

Weakly Coupled Luttinger Liquids



11

Tt

t

t

tt’

t’

t’

t’<<t

“one-dimensionalization”

Weakly Coupled Luttinger Liquids



11

T

T

t

t

t

tt’

t’

t’

t’<<t

“one-dimensionalization”

Weakly Coupled Luttinger Liquids



11

T

T
t

t’t’

t

t

t

tt’

t’

t’

t’<<t

“one-dimensionalization”

Weakly Coupled Luttinger Liquids



11

T

T
-t

+t

E

0 t’

4t’

4t’

t/2

t
t’t’

t

t

t

tt’

t’

t’

t’<<t

“one-dimensionalization”

Weakly Coupled Luttinger Liquids



11

T

T
t

t’t’

t

t

t

tt’

t’

t’

t’<<t

“one-dimensionalization”

“zero-dimensionalization”

Weakly Coupled Luttinger Liquids

Dimerization



12

“ORIGAMI” ELECTRONICS
Vitor M. Pereira and A. H. Castro Neto, Phys. Rev. Lett. 103, 046801 (2009)
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Graphene 
nanoribbons
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Chemical reactivity change with folding

Origami chemistry
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Chemical reactivity change with folding

Graphane

Srivastava et al., J. Phys. Chem. B 103, 4330 (1999)

Origami chemistry
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1 micrometer square of graphene = sheet of a plastic wrap 
as big as a living room 
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Collaborators on graphene’s wrinkles

Vitor Pereira L. Mahadevan Haiyi Liang


