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2011 is the 20th óAnniversaryô of the Nanotube.

Will a recent discovery made at 

Jefferson Lab revolutionize the field?
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Boron Nitride Nanotubes
The Most Interesting óStuffô You May Have Barely Heard of...



www.pbs.org



Forms (Allotropes) of Carbon

Images: wikipedia.orggraphite

carbon nanotube

diamond

buckyball



graphite carbon nanotubes

diamond

buckyballs

From left to right: C60, C70, C76/C78, C84

in solution. 

Images:  www.nano-c.com  www.megaexecutive.com  www.diamondvues.com  www.teamdeltax.com

Macro Forms of Carbon



Allotropes of Carbon

Linus Pauling

proposed hybridization of 

sp bonds in methane, CH4é

Nobel Prize 1954



Allotropes of Carbon

Kroto, Curl, and Smalley

C60 (buckyball)

Nobel Prize 1996



Allotropes of Carbon

Geim and

Novoselov

Isolation of graphene

Nobel Prize 2010



Allotropes of Carbon

Sumio Ijima

2002 Carbon Nanotube

Benjamin Franklin Medal in Physics,



morrisonlabs.com
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Images: www.mext.go.jp  http://nano-bio.ehu.es  

BN ball

?

BNNT

(BN nanotube)

Forms of Boron-Nitrogen

Hexagonal BN (hBN)

Cubic BN (cBN)



Diamond-like cubic BN

Images: www.cybelesays.com  www.kyocera.com.sg  www.momentive.com

X

White ógraphiteô Boron nitride nanotubes

Macro Forms of BN



Boron Nitride Nanotubes (BNNTs)é

Are just as strong as carbon nanotubes

and are good thermal conductorstoo, buté

Have double the service temperature,

Are highly electro-active (due to polar bond),

Are good neutron shields (due to boron content),

Have more active surface chemistry,

Are white (you can dye them!).

Are non-cytotoxic (to human cells, so far),

But, BNNTs were much harder to make than CNTs. 

éuntil now.



Structural similarities and differences,

BNNT vs CNTé



Image:  coecs.ou.edu
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BNNT

(boron nitride

nanotube)

Blue=boron

Grey=nitrogen

CNT

(carbon

nanotube)

Grey=carbon



Chiral BNNT

Image:  www.dcmp.bc.edu/images



Image:  http://home.icpf.cas.cz
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Image:  http://home.icpf.cas.cz



http://www.spaceward.org

óStone Walesô

Defects in 

Carbon Nanotube

Under tensile stress



Image:  http://nanogloss.com

Four-wall carbon nanotube



Three layers of graphite-like hBN, showing stacking structure

Layer 3

Layer 2

Layer 1



Image: http://nano-bio.ehu.es



Cross-section, one-wall BNNT



Cross-section, two-wall BNNT



Cross-section, three-wall BNNT



Cross-section, four-wall BNNT?

too much strain?



HRTEM images of multiwalled 

BN NTs found in the specimens 

synthesized using Ag2O (a) and 

MoO3 (b) promoters. Definite but 

different stacking order is 

apparent in marked areas in (a) 

and (b) as highlighted in the 

insets. Hexagonal type stacking 

in (a) and rhombohedral-type 

stacking in (b) are confirmed by 

corresponding computer 

simulated HRTEM images

(right-hand side images) for BN 

NTs having the axes parallel to 

the [1010] orientation (zigzag 

tubes).

Source: óInsights into the structure of BN nanotubes. ôApplied Physics Letters, 2000 Golberg et al.



Example of BC3

Nanotube

http://nano-bio.ehu.es



S. Azevedo and R. de Paiva 2006 Europhys. Lett. 75 126

Possible Combinations of BxCyNz



S. Azevedo and R. de Paiva 2006 Europhys. Lett. 75 126

Possible Combinations of BxCyNz

1.37 eV

= 906 nm

0.96 eV

= 1292 nm

1.57 eV

= 790 nm

1.07 eV

= 1116 nm

1.69 eV

= 735 nm

2.45 eV

= 506 nm

0 eV 0 eV 0 eV

0 eV

calculated band gaps



23,200 miles

Image: http://commons.wikimedia.org
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images:  www.vectorstock.com http://www.wallpaper.net.au

one millimeter

nanotube fiber!



23,200 miles

How close are we??

Image: http://commons.wikimedia.org
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Worldôs first 

BNNT

YARN



Russiané

http://itnews.com.ua



éKoreané



éGermané

Technology Review, Feb 2010



éand Chinese.

www.sic.ac.cn



http://sciencenow.sceincemag.org



Two reasons for interest:

1. Crystallinity + aspect ratio = óqualityô



BNNT

PVC method

C. Zhi, Y. Bando, C. Tan, D. Golberg, 

Solid State Commun. 135, 67-70 (2005).

Japanese NIMS,  B2O2/NH3 CVD-Grown BNNTs

50 nm



5 nm

BNNT, new method (same scale)

Image: Wei Cao, ODU/ARC


