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Motivation

Source

® NTs application : FEr NN
faster FETs ' -

® Select NT by :

® metallicity / semiconductivity
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Method

® Density Functional Theory (DFT)
as implemented in Abinit [1] and ONETEP[2]

® Abinit : plane wave basis
- very tight and controllable convergence
- small (~100 atoms) systems
® ONETEP : nonorthogonal generalized Wannier functions basis
- large (~100 000) systems
- harder to control convergence
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Bromo-phenyl functionalization

® hypothesis : N k,,
)' ~

® |imiting process : fé’;f’j\ ‘

binding of the first phenyl to the NT [3] ¥ ( ».r

® reaction path :
linear extrapolation between 2 states

® What we want to know :
activation energy (thermodynamics) (costly)

® FEasier way :
|) bonding energy :
- opposite trend wrt activation
- cheaper

2) activation energy calculation (min. set)
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[3] : Margine, Bocquet, Blase, Nano Letters 8,3315-3319 (2008)

phenyl - NT distance (angstrom)



Bromo-phenyl functionalization

® hypothesis : «.: k,,
® |imiting process : Wf’
binding of the first phenyl to the NT [3] ¥ ( \J

® reaction path :

: . activation energy
linear extrapolation between 2 states
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Bromo-phenyl bonding energy

ol

® Configuration :

® para "““‘

(the most stable [3])
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Bonding energy

® J[rend:

® Bonding energy ~
for smaller NTs

® Bonding energy ~
for metallic NTs

® We expect
functionalization /7 :

® for smaller NTs

® for metallic NTs
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Bonding energy : pair of phenyls of (n,0) NT

4.00

Graphene

Diameter (nm)
2.00 1.33 1.00 0.80 0.67 0.57 0.50

® (12,0)

® (11,0)
(15,0)
® o (13,0)

® (20,0)
® (29,0)

® Semiconducting SWNT
® Metallic SWNT
Graphene
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Activation energy trend

Activation energy : single phenyl on (n,0) NT
Trends :

Diameter (nm)
Inf 4.00 2.00 1.33 1.00 0.80 0.67

® activation energy “a

Graphene

® for smaller NTs
® for metallic NTs

® confirm:
functionalization
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® for smaller NTs

® for metallic NTs ' 005 01 015 02 025 03 035
Inverse radius (1/A)




N T combustion by

-

® 2nd purification mechanism :
NT combustion by CO»

NT + CO; + AE — (NT-C) + 2 CO

® Model :

i F__mte NT (oxygen termlnated
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N T combustion by

® 2nd purification mechanism :
NT combustion by CO»

NT + CO; + AE = (NT-C) + 2 CO

® Model:



NT combustion by CO;

Reaction energy : combustion of a (n,0) NT

Diameter (nm)
4.00 2.00 1.33 1.00 0.80 0.67

® J[rend:
faster combustion
for smaller NTs

Graphene

< 21

® Use:
select larger NTs
(opposite to phenyl)
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Conclusion

® Bromo-phenyl functionalization
selects (solubilizes most) :

® small NTs
® metallic NTs

® Combustion by CO?2
selects (leaves most intact) :

® Jarge NTs




