2011 is the 20th ‘Anniversary’ of the Nanotube.

Will a recent discovery made at
Jefferson Lab revolutionize the field?
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Boron Nitride Nanotubes

The Most Interesting ‘Stuff’ You May Have Barely Heard of...
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Forms (Allotropes) of Carbon

graphite

Images: wikipedia.org



Macro Forms of Carbon

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

buckyballs

graphite carbon nanotubes

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



Allotropes of Carbon
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proposed hybridization of
sp bonds in methane, CH,...
/ Nobel Prize 1954




Allotropes of Carbon
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Kroto, Curl, and Smalley
C60 (buckyball)

E : Nobel Prize 1996
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Allotropes of Carbon

Ot

Geim and
Novoselov
Isolation of graphene
Nobel Prize 2010
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Allotropes of Carbon

SOt

Sumio ljima
2002 Carbon Nanotube
Benjamin Franklin Medal in Physics,
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Forms of Boron-Nitrogen
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Hexagonal BN (hBN) BNNT

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



Macro Forms of BN

Diamond-like cubic BN

White ‘graphite’ Boron nitride nanotubes

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



Boron Nitride Nanotubes (BNNTSs)...

Are just as strong as carbon nanotubes
and are good thermal conductors too, but...

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 CNTSs.

...until now.



Structural similarities and differences,
BNNT vs CNT...



armchair

Image: coecs.ou.edu



CNT
(carbon
nanotube)

BNNT » A= Grey=carbon
(boron nitride
nanotube)

Blue=boron
Grey=nitrogen

images: www.computenano.com
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Image: http://home.icpf.cas.cz



Images: wikipedia.org



Images: wikipedia.org



Images: wikipedia.org



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



‘Stone Wales’
Defects in

Carbon Nanotube
Under tensile stress
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http://www.spaceward.org



Four-wall carbon nanotube

Image: http://nanogloss.com



Three layers of graphite-like hBN, showing stacking structure

0.1446 nm

Covalent bonds

Nitrogen(N) ____»

atoms
‘\\‘
— Layer 3
Van der Waals—
bonds
Boron (B) — =
atoms =
E_ Layer 2
—
Layer 1

www . substech.com
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Cross-section, one-wall BNNT
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Cross-section, two-wall BNNT
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Cross-section, three-wall BNNT
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Cross-section, four-wall BNNT?
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HRTEM images of multiwalled
BN NTs found in the specimens
synthesized using Ag,O (a) and
MoO; (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 e s S STl
(right-hand side images) for BN s Pt b, S N KT
NTs having the axes parallel to § SIS B R
the [1010] orientation (zigzag : ——
tubes). e e e s, Pl
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Source: ‘Insights into the structure of BN nanotubes. 'Applied Physics Letters, 2000 Golberg et al.
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Possible Combinations of B,C,N,

!

j .

(d) stripe-like BC,N (e) BsNsC,  B3N:Cy ()NC;

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



Possible Combinations of B,C,N,

] FLr

1.37eV 0.96eV 1.57 eV
l-906nmb)o (=1292nm P =790 nm ¥
Q’*«w j ffw} Q R |
(a) island-like BC,N {b) island-like BC;N

1.07 eV
=1116 nm

1%

(d) stripe-like BC,N (e) B3N:Cy . (f) BsN3Cy () NC3

calculated band gaps

S. Azevedo and R. de Paiva 2006 Europhys. Lett. 75 126
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Properties of Materials for Vehicle Structure

. Baseline Materials

@ 5-10years (TRL=4-6)

@ 10-20years+ (TRL=1-3)

At Room Temp SWNT
1000 o
BNNT
s 500 |
Specific
Modulus M46J.Nt/P
GPa/(g/cm?3) ®
200 [~ M7
SiC/Be Nt/Al ®
100 BeAl
TirFoam - -Sand
. . . . Kevlar 49
TiAl ‘%03/‘“
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Based on: Charlie E. Harris, M. J. Shuart, H. Gray, NASA/TM-2002-211664




one millimeter

nanotube fiber!

images: www.vectorstock.com http://www.wallpaper.net.au
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Russian...

http://itnews.com.ua
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Axpgexkc OupekT

PazmMeuienne cepsepa 8
AaTa ueHTpe

97 3330855, 100Mois

YHUBEpCankHble Canasku
6ecrnnatHo!
renter.ru

Hoyt6yku
Hosble u 6/y HoyTOyKM cpean
GecnnaTHeix 06bABNEHWIA Ha
www.olx.ru

Oats obbaenexve

DOTOHOBOCTH

Eute doronoBocTei!

- CyberPower u
Maingear
BBINYCTUAM UrPOBEIE
MK ¢ wectuagepHeiM
m AMD Phenom 1I X6

Kapapuaep Fuijifilm
ANA NPOCMOTP3 &
3D-KOHTEHTa Ha
HD-Teneeuzope

Notebook Cooler
Basic, Notebook
Cooler Designer u
Notebook Cooler
Mini: Tp1 HOBBIX

Lynana nno uourfucas Sotos

WnTepHeT | Ceasb QLG0T BesonacHocTb | Buskec | Codt | Xeneso | FaaxeTsl

Co3paHa nepeas HUTb U3 HMTpMA-GOprIX HaHOpr60K
8 pekabps 2009, 10:23

Mpy NOMOLLYM NA2epOB UCCNEA0BATENM COZAANMU NEPBYHD MAKPOCKONUUECKYHD HUTh U3 BONOKOH HUTpUAa 6opa, uTo OTKpLIBaeT
NyTb K UENoMy pAay NPUNOXEHUA — OT NPOTUBOP3AMALIMOHHBIX WMTOB ANA KOCMMUECKUX Kopabnei 4o 3amTHoro
obnayeHus ana Tena. TeXHUKa CMHTe2a BLICOKOKaUYeCTBeHHbIX HUTpua-6opHeix HaHoTpybok (boron-nitride nanotube, BNNT)
paspaboTaHa B MccnegosaTensckom LieHTpe NASA B flaHram (NASA's Langley Research Center) u gpyrmux nabopatopusax. 3Tm
HaHOTpYOkKM 06NaaakT MMKPOCKONUUECKUM ANaMeTPOM, 3HIUMTENLHOW ANMHOM U CTPYKTYPHO COAEPXKAT HECKONLKO CTEHOK.
HUTpKUA Bopa He 3K20TUUECKUIA MAaTepUan — OH BCTPEUAETCA B KOCMETUUYECKWUX CPEACTBAX U Nyape.

Mo cnosam yyéHoro u3 NlaHram Maika Cruta (Mike Smith), 40 cux NOp HUKOMY He YA3aBanoCs U3roTOBUTL 40CTATOYHO
ANVHHBIE 1 NPYU 3TOM NPOYHLIe HAHOTPYOKKM, NepeaaeT 3DNews. TEXHWUKE CMHTE3a, Ha2BanHas PVC (pressurized
vapor/condenser - Utnapexue 1 KOHASHCALUMA NoA AaBNeHnen), CTana Bo3MoxHoW 6narogaps nazepy Ha csoboaHbIx
3NEKTPOHAX M 2aTem GbiNa YCOBEPLIEHCTBOBAHA ANA UCMONb30BAHMA C KOMMEPUECKUMM Na3epaty, NPUMEHAEMbIMU B CBApKE.
OHa COCTOMT B cneayrolieM. SlazepHsiid Nyd HANPaBNAETCA B MULLEHb, PACNONOXEHHYHK) B 2aKPLITOM KaMepe, 2anonHeHHou
a20ToM. MuweHb ucnapaeTtcs, dopmmpya obnako 6opa. KOHAEHCALMA OXNAXKA3ET UCNapeHUs, Bbi2biBaA HOpPMUPOBaHME
Xnakux kanens 6opa, koTopsle 06beanHAKTCA ¢ 3a20ToM B BNNT. MonyumelUIMecs HaHOTPYOKM AOCTATOYHO ANMHHBIE, YTOOk!
CnnecTv U2 NoAobHOM XNONKY MACCH MAKPOCKOMMUECKYHD) HATb MUNMMETPOBOM TONLIMHE U ANMHOM B CAHTUMETPLL. ANMHA Xe
CaMmMx HAHOTPYBOK — OKONO MUAAMMETPA.
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"OHu BonbLUKe M MATKWE, KaK TEKCTUNL, - yTBepxaaeT KesuH JxopaaH (Kevin Jordan) us HauMoHanbHOro KOMNNeKkca
paboTsl ¢ yckopuTenem ToMaca AxeddepcoHa (Thomas Jefferson National Accelerator Facility). - 3To o3HauaeT, uTo
BO2MOXHO UCTI0NBE30BATL KOMMEPUECKMIA NMPOVM3BOACTEBEHHLIA NPOLIECC M PACNPOCTPAHEHHBIE TEXHUKW ANA U2rOTOBNEHWA U2
TpybOK 2alMThl ANA Tena, CONHeYHbIX AYeeKk U aApyrux yctponcts”. TEM (Transmission electron microscope —
NPOCEEUMBAKILLMIA SNEKTPOHHLIA MUKPOCKOM) NOKA3LIBAET, UTO TONLMHE HAHOTPYOOK COCTABNAET HECKONBKO MUKDOH.
OcobeHHOoCcTE BNNT - 370 TergeHUMa K "o60paumBaHmia™ UxX B HECKONBKO CTEHOK. CneayroumMM WwaroM uccnegoeartenei
6ynet TecTMpoeaHve ceoicTe BNNT ¢ Lensko onpegenenna Havbonee noaxoaawmx o6nacTen NpUMEHEHUS HOBOMO
MmaTtepuana. B Teopuu, roBopvT [XOPAAH, OHM H3NAYT HALY U B SHEPreTUKe, U B MeanLVHe, U B 33POKOCMUYECcKoM
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..German...

Technology Review, Feb 2010

MATERIALIEN g
GARN AUS NANOROHRCHEN

KONTEXT: Nanoréhrchen gelten seit Jahren als Grundstoff fiir extrem stabile
Seile. Bislang lieRen sich die mikroskopisch kleinen Rohrchen aber noch nicht
fest genug verbinden. Nun gelang US-Wissenschaftlern erstmals die Synthese
langer Bornitrid-Fasern, die sich zu einem stabilen Garn verspinnen lieRen

METHODE: Die Gruppe um Mike Smith vom Langley Research Center der
Nasa in Hampton verdampfte in einer mit Stickstoff gefilliten Druckkammer
Bor mit einem Laser. An einem gekuhlten Metalldraht bildeten sich daraufhin
bis zu einen Millimeter lange, mehrwandige Nanorohrchen mit Durchmessern
von wenigen Mikrometern. Diese lagerten sich selbststandig zu Fasern von
zehn Zentimetern Lange mit etwa einem Millimeter Durchmesser zusammen

RELEVANZ: Das Verfahren liefert Nanor6hr-
chen, die etwa 100-mal langer sind als bisher.
Die Fasern lassen sich zu einem weilien, baum-
wollartigen Garn verspinnen. Doch da Bor
relativ teuer ist, bleiben Fasern aus gunstigem
Kohlenstoff weiterhin eine der wichtigsten
Herausforderungen an die Materialforscher.
® Quelle: ,Very long single- and few-walled
boron nitride nanotubes via the pressurized
vapor/condenser method”, Michael W. Smith,
Joycelyn S. Harrison, et al.; Nanotcchnololy
Vol. 20, S. 505604 |
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Science |NOW!| uvr ro tue minute news From science

Better Nanotubes May Be on the Way

by Karen Fox on December 10, 2009 12:00 AM | Permanent Link | 0 Comments

Email & Print | @ © 20 & @ B More PREVIOUS ARTICLE NEXT ARTICLE

In the world of nanotechnology, few things get as much billing as
ENLARGE IMAGE

nanotubes. Experts say that these cylinders composed of
one-molecule-thin sheets could someday be used in everything from
superstrong jet engines to cancer cures. Now researchers think they've
found a way to make large amounts of an elusive type of nanotube that
could provide even more impressive applications.

Researchers have long been able to make nanotubes out of carbon,
but they have struggled to craft them from boron nitride. The two have
about the same strength, but boron nitride nanotubes (BNNTs) can
survive temperatures that are twice as high as those carbon nanotubes
can survive--800°C and higher. Scientists have only been able to create
high-quality tubes a micron long; larger versions have been riddled with

defects in the crystalline structure.

Small wonder. The first macroscopic,
commercially usable BNNTS, spun into a
materials scientists describe the first creation of high-quality, uniformly 3-centimeter-long, 1-milimeter-diameter

Now in a paper published 16 December in Nanotechnology, a team of
crystalline BNNTs in large quantities: Each piece of fiber is long PECsatyam:
enough that it can be spun into user-friendly yarn. To do this, the

racanrcrhare Aalmmad A lacar At A ralra AF haran incida A Ahambhar GllaA

http://sciencenow.sceincemag.org



Two reasons for interest:

1. Crystallinity + aspect ratio = ‘quality’



Japanese NIMS, B,0O,/NH; CVD-Grown BNNTSs

C. Zhi, Y. Bando, C. Tan, D. Golberg,
Solid State Commun. 135, 67-70 (2005).




BNNT, new method (same scale)

Image: Wei Cao, ODU/ARC




BNNT, new method (same scale)

5 nm dia.

Image: Wei Cao, ODU/ARC




Double-Wall
BNNT

Image Source:

Zettl Research Group, U.C. Berkeley

(via www.flickr.com/photos/kgedquest)



'\ Human Hair,

~ 60 um diameter

Image: http://creationwiki.org



\ Human Hair,

~ 60 um diameter

Image: http://creationwiki.org



~ 60 um diameter

Image: http://creationwiki.org
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Scale Comparison:
BNNT and DNA

DNA model:
flickr.com/photos/ynse/54237




TEM image: Dr Wei Cao, ODU/ARC
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TEM image: Dr Wei Cao, ODU/ARC



Credit: NASA/JLab/ODU

Isolated, highly crystalline, 10 um x 4 nm, 3-wall BNNT, strung across air gap (aspect ratio > 2500).
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E-beam modification



BNNT modification under 200 keV electron beam


































BN Nanoribbons (white graphene)
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BN Nanoribbons (white graphene)
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Fractal?



TEM image: Dr Wei Cao, ODU/ARC






15 cm fibril of PVC-BNNT resembling
spider silk... ~3 seconds run time.

15 cm




Two reasons for interest:

1. Crystallinity + aspect ratio = quality
2. Self assembly. Our BNNTS can vigorously self-assemble.



A movie on self assembly,
but first a bit of history...



Schematic of First Carbon Nanotube
Side-Pumped Synthesis Chamber

Chamber (1000 C, 760 torr)

Graphite/catalyst target
Spindle

=

Plasma plume
_‘{-é

Sonic nozzle

Argon heater

Nanotube
Spray

Input FEL beam




4/05/06, Carbon Nanotube Targets,
/5 Minutes Elapsed Time

Fresh Target

.

Expended Target




4/05/06, 7.5 grams Raw Material Collected
1.25 Hour Exposure

Langley
Research
Center



BN Target
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(hot-pressed with [
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Use CNT Synthesis Rig for BNNT’s?

Laser ablation chamber normally used for
Carbon Nanotubes

HRSEM image of BN material
made by FEL







BN target on stainless
steel shaft




First “Cobweb,”
Moderately illuminated
Hot pressed BN target,
~10 atmospheres




Cobwebs
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Heavily illuminated
BN target




. Heavily illuminated
BN target



BNNT

Streamer, Shaded Area,
Magnified Exposed to
N, Gas
Laser
Beam
IS
\/ Droplet
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With N,
BNNT m
Streamer i i \
Formation
N zone

Rotating
Boron Metal

\/— _\/
Re-solidified,
Boron metal

Boron Vapor ~ Droplet

Vaporization
Zone



Shaded Area,
Exposed to (
N, Gas

Streamer Attached
/ To Nb Fracture Surface

Laser
Beam
\/ﬂ_\ \
BNNT 1 Niobium
Streamer - Shim Stock
(.45 mm thick)
Rotating
Boron Metal \

Target | _—
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\

5 kW CO: Industrial
cutting/welding laser
controls: 5 minute warm
up, 1000’s hours duty
time.




Growth Movie



Cotton-like PVC-BNNT mass (~ 30 minutes run time)

(From: M. W. Smith et al, Nanotechnology, 20, 505604 (2009))



Comparison: Equal Mass of PVC BNNT to NIMS CVD BNNT

200 mg BNNT 200 mg BNNT
NASA/JLab PVC method Japanese NIMS
B,O,/NH; CVD

C. Zhi, Y. Bando, C. Tan, D. Golberg,
Solid State Commun. 135, 67-70 (2005).

Jars are shown to scale



As-grown PVC-BNNT is a very low density, high surface area material.
One pound (.45 kg) would occupy about 30 cubic feet...




NASA Applications



The Yin-Yang of Nanotubes

Sp2 bond,
Strength,
Stiffness,
Aspect Ratio
Thermal Conductivity,

[ —m

+—— Black,

Lower temperature,
Electrical Conductor

White, ——>
High temperature,
Electrical Insulator



Comparison of Material Properties, CNT v BNNT

Carbon Boron nitride
nanotubes nanotubes
Electrical Metallic or Always semiconducting
properties semiconducting (about 5.5 eV band gap)
Mechanical 1.33TPa 1.18 TPa
properties
(Young’s
modulus)
Thermal 60 — 40,000 W/mK ~ 3000 W/mK (Cu =400 W/mK)

conductivity

Thermal Stable up to 300—-400°C | Stable up to 800°C in air
oxidation in air

resistance

Neutron C =0.0035 B =767 (B ~ 3800)
scattering N=1.9

cross-section

Excellent radiation shielding

Polarity Covalent bond Permanent dipole
(No dipole) Piezoelectric (0.25-0.4 C/m?)
Surface Smooth Corrugated
morphology
Color Black Gray
Coefficient_of -1 x10° -1 x10°

Thermal
Expansion




- Space Tethers
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produced by cosmic rays and solar particle events.
European Union legislation requires the control of aircrew exposure®...




South Atlantic Anomaly

Rotational

South Atlantic Anarmaly
{200k from

150 120 90 60 30 O 30 60 90 120 150

http://en.wikipedia.org



Radiation threatens avionics as chip geometries shrink, Jan 2004 Military &
Aerospace Electronics

“Yet this trend has a fatal flaw. Electronic components become vulnerable to
neutron radiation as they use ever-smaller feature sizes and lower supply voltages,
says John Fink, staff engineer at Honeywell Commercial Avionics Products in
Minneapolis”

NASA has reported that modern laptops have crashed when the space
shuttle flights passed though the anomaly. *

* http://lwww.nasa.gov/mission_pages/shuttle/flyout/flyfeature_shuttlecomputers.html



Polymer Composites
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Ceramic Composites



Turbo-machinery flow-path

Image: nasa



Properties of Materials for Vehicle Structure

. Baseline Materials

@ 5-10years (TRL=4-6) @ 10-20years+ (TRL=1-3)

At Room Temp SWNT
1000 o
BNNT
s 500 |
Specific
Modulus M46J.Nt/P
GPa/(g/cm?3) ®
200 [~ M7
SiC/Be Nt/Al ®
100 BeAl
TirFoam - -Sand
. . . . Kevlar 49
TiAl ‘%03/‘“
S M46J CFRP
o
Al2219 IM7 CERP (TRL=4-9)
20 [ . .
Al Foam
10 | | | | | |
0.2 0.5 2 5 20 50
0.1 1 10 100
Specific Strength, GPa/(g/cm?)
Based on: Charlie E. Harris, M. J. Shuart, H. Gray, NASA/TM-2002-211664




Properties of Materials for Vehicle Structure

@ Baseline Materials ®s5-10 years (TRL=4-6) ® 10-20 years + (TRL=1-3)

At 700°C
1000 ®
BNNT
Specific W
Modulus
GPa/(g/cm®) |
200 SiC/Be
®
100
®
TiAl
50 |
20 |
10 | | | | | |
0.2 0.5 2 5 20 50
0.1 1 10 100

Specific Strength, GPa/(g/cm?)




Properties of Materials for Vehicle Structure

@ Baseline Materials ®s5-10 years (TRL=4-6) ® 10-20 years + (TRL=1-3)

At 700°C
1000 ®
“_' BNNT
Specific W *
Modulus Highest published
GPa/(g/cm?3) B
200 SiC/Be
®
100
®
TiAl
50 |
20 |
10 | | | | | |
0.2 0.5 2 5 20 50
0.1 1 10 100

Specific Strength, GPa/(g/cm?)

* Wei, et al., Tensile Tests on Individual Multi-Wall Boron Nitride Nanotubes, Advanced Materials, V 22, 43, p 4895, 2010



Image: http://www.laserdesign.com



...formula one racing brakes (carbon/carbon) don’t wear out,
they fail by oxidation!

Image: http://mww.gtplanet.net/forum



Other Applications



Solar Power: BNNTs and
Organic Photovoltaics




Spray-On Solar Cells Come One Step Closer to Reality
by Sarah Parsons, 04/02/10

Ever think about how amazing it would be if tech as complex as solar cells could be simply sprayed onto a
surface? A group of researchers found that a common organic semiconductor may make that situation a reality.
Scientists from the Hational Institute of Standards and Technology (HIST) recently determined that poly(3-
hexylthiopene), or P3HT, may be a useful material for creating spray-on transistors. Once the tech is
optimized, we could see electronics like solar cells and displays that can be sprayed onto a surface just like
paint.
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TECHNOLOGY UPDATE
Feb 26, 2008
Nanocomposite protects organic solar cells

Coating organic photovoltaics (OPVs) with a boron-nitride
nanotube loaded polymer can significantly improve device
lifetime, according to research published in
Nanotechnology. Scientists at Wake Forest University (WFU),
US, and the Indian Institute of Technology have shown that
a nanotube concentration of 1.5% offers good thermal
protection with excellent transparency in the visible region.

OPVs offer an affordable route to
harnessing the sun’s energy.
Polymer-based photovoltaics are typically ’
less efficient than silicon photovoltaics,

but the material is more versatile and can E
be applied to flexible substrates. Device g
degradation remains an issue for OPVs as | \\;“{ﬁ
oxidation, exposure to moisture and , :
photochemical reactions can greatly Encansniated devica
reduce the working life of the unit.

“The ultraviolet part of the spectrum can be devastating to
polymer device performance,” David Carroll, director of WFU's
Center for Nanotechnology and Molecular Materials, told
nanotechweb.org. "However, by removing it through scattering
and absorption, devices live longer.”

Aiour,” he said. "It means that this method of removing

Boron-nitride materials are well matched to
ultraviolet frequencies and act as a
scattering centre for the incoming radiation.
As Carroll explains, particle shape plays a key
role in the process. "The high aspect ratio of
the nanotubes provides increased oscillator
strength, which allows better antenna

Source:

http://nanotechweb.org

supported by

AFOSR grant No. FA9550-04-1-0161




Desalination with BNNTs



B Physical water scarcity
[ Economic water scarcity
[ Little or no water scarcity
[1 Notestimated

Projected Water Scarcity in 2025

Note: || indicates countries that will import more
than 10% of their cereal consumption in 2025.

http://mww.irri.org



Salt Rejection and Water Transport Through Boron Nitride Nanotubes

1°T Ks M ! 1 Y
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Figure 2. Water molecules inside boron nitride nanotubes. Bottom: The radial water density
distribution ofwater molecules, wherethe x-axis represents the radial position from the center of
the nanotube. Top: The average position of water from MD simulations for a) (5, 5), b) (6, 6),
¢) (7, 7), and d) (8, 8) tubes.

Source: Salt Rejection and Water Transport Through Boron Nitride Nanotubes, Tamsyn A. Hilder, Daniel
Gordon, and Shin-Ho Chung, “Small,” 2009, 5, No. 19, 2183-2190
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Sponsor Boron-nitride nanotubes speed desalination, says
Australian research

i Researchers from The Australian National University (ANU) claim to
ed 'L e s have discovered a way to speed the desalination of seawater by up to
. 4| five times using nanotubes made from boron and nitrogen atoms.

In a paper published in the journal Small, researchers Dr Tamsyn Hilder, Dr
Dan Gordon and group leader Professor Shin-Ho Chung from the
Computational Biophysics Group at the Research School of Biology at ANU
(o] 'WAIRF N [e's say that boron-nitride nanotubes have shown superior water flow properties
compared with carbon nanotubes, and are thus expected to provide a more

SURVEY B

"Using boron nitride nanotubes, and the same operating pressure as current

2m9/ I 0 desalination methods, we can achieve 100% salt rejection for

concentrations twice that of seawater with water flowing four times faster,
vhich means a much faster and more efficient desalination process," says D

i Hilder, Gordon and Chung use computational tools to simulate the water and
Can’t find salt moving through the nanotube. They found that the boron nitride

what nanotubes not only eliminate salt but also allow water to flow through
- extraordinarily fast, comparable to biclogical water channels naturally found
youre in the body.

“looking




Cancer Therapy No. 1: EP (Electroporation
aka Electropermeabilization)



A petail

f

How electroporation delivers DNA vaccines

€) Controlled, millisecond

electrical pulses are
applied to the needle

electrodes, which then
form an electrical field.

ﬂ Syringe and needle electrodes
are inserted into selected
muscle tissue, and the DNA

vaccine is injected,

Source:

http://fredcobio.wordpress.com/2008/03/
Inovio Biomedical Corp. of San Diego, CA

© The electrical field creates O The trapped DNA enables cells to

temporary openings in the produce antigen designed to control
cell membrane, allowing cancer and chronic infectious
signficantly greater diseases such as HIV. The antigen
amounts of the DNA can also trigger antibody production

vaccine to enter cells. to prevent diseases,
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Nanotechnology 20 (2009) 075104 (5pp) doi: 10.1088/0957-4484/20/7/075104

Enhanced low voltage cell
electropermeabilization by boron nitride
nanotubes

V Raffa, G Ciofani and A Cuschieri
Scuola Superiore Sant’ Anna, Piazza Martiri della Liberta 33, 56127 Pisa, Italy
E-mail: s.raffa@crim.sssup.it

Received 23 September 2008, in final form 10 December 2008
Published 23 January 2009
Online at stacks.iop.org/Nano/20/075104

Abstract

Boron nitride nanotubes (BNNTSs) are a structural analogue of carbon nanotubes (CNTs), with
alternating B and N atoms which entirely substitute for C atoms in a graphitic-like sheet with
almost no change in atomic spacing. BNNTSs have generated considerable interest within the
scientific community by virtue of their unique properties. Very recently, biomedical
applications of BNNTSs have also been proposed. In the present in vifro study, we demonstrate
that BNNTs can be used as nanotools to enable cell electropermeabilization with very low
electric fields (40-60 Vcm™'). An explanation of this behaviour based on the dielectric
response of BNNTS to static electric fields is proposed.



The phenomenon of electroporation

Cell membrane Cell membrane Cell membrane

before pulsing during pulsing after pulsing
{cell returns to

e Controlled, millisecond electrical pulses induce temporary pores
in the cell membrane

e Cell membrane reseals and is left unharmed

Source: http://fredcobio.wordpress.com/2008/03/
Inovio Biomedical Corp. of San Diego, CA



The phenomenon of electroporation

Cell membrane Cell membrane Cell membrane

before pulsing during pulsing after pulsing
{cell returns to

e Controlied, millisecond electrical pulses induce temporary pores
in the cell membrane

e Cell membrane reseals and is left unharmed

Source: http://fredcobio.wordpress.com/2008/03/
Inovio Biomedical Corp. of San Diego, CA
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Source: Nanotechnology 20 (2009) 075104 (5pp) Enhanced low voltage cell
electropermeabilization by boron nitride nanotubes
V Raffa, G Ciofani and A Cuschieri



Cancer Therapy No. 2: BNCT
(Boron Neutron Capture Therapy)



http://wewantfullmarksforchemistry.blogspot.com



( Principle of Boron Neutron Capture Therapy (BNCTD

In boron neutron capture

therapy (BNCT), boron
compound is injected into a
patient's body in advance.
Owing to the blood-brain
barrier function, boron
compounds do not enter
healthy brain cells easily but
readily find their way into
malignant tumor cells.
Neutrons are irradiated on
the affected part of the
brain, enabling selective
destruction of the tumor
cells containing boron by
the alpha and lithium
particles generated from the
°B(n, a ) "Li reaction.

Source: Japan Atomic Energy Agency
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Neutron beam irradiation mode can be changed according to remedy conditions
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Source: Japan Atomic Energy Agency
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NANO EXPRESS

Folate Functionalized Boron Nitride Nanotubes and their
Selective Uptake by Glioblastoma Multiforme Cells: Implications
for their Use as Boron Carriers in Clinical Boron Neutron

Capture Therapy

Gianni Ciofani - Vittoria Raffa - Arianna Menciassi -
Alfred Cuschieri

Received: 17 October 2008 / Accepted: 11 November 2008/ Published onling: 25 November 2008

© to the anthors 2008

Abstract Boron neutron capture therapy (BNCT) is
increasingly being used in the treatment of several
aggressive cancers, including cerebral glioblastoma multi-
forme. The main requirement for this therapy is selective
targeting of tumor cells by sufficient quantities of '“B
atoms required for their capture/irradiation with low-
energy thermal neutrons. The low content of boron tar-
geting species in glioblastoma multiforme accounts for the
difficulty in selective targeting of this very malignant
cerebral tumor by this radiation modality. In the present

Kevwords Boron nitride nanotubes - Folate -
Glioblastoma multiforme - Boron neutron capture therapy

Introduction

High-grade glioblastoma multiforme is uniformly fatal and
largely unresponsive to all avalable treatments. Patients
with these tumors usually survive for <1 year from the
time of first diagnosis. Conventional surgical excision,
generally limited to the main tumor mass, does not remove

-~ - -~



BNNT morphology affects cellular uptake

Ball-mill BNNT Ligands/functional elements
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PVC BNNT




The Complete History of BNNTs (including the future)
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image: moonrise from the ISS, http://spaceflight.nasa.gov



LETTERS TO NATURE

Helical microtubules of
graphitic carbon
Sumio lijima

NEC Corporation, Fundamental Research Laboratories,
34 Miyukigaoka, Tsukuba. Ibaraki 305, Japan

THE synthesis of molecular carbon structures in the form of Cg,
and other fullerenes’ has stimulated intense interest in the struc-
tures accessible to graphitic carbon sheets. Here I report the
preparation of a new type of finite carbon structure consisting of
needle-like tubes. Produced using am arc-discharge evaporation
method similar to that used for fullerene synthesis, the needles
grow at the negative end of the electrode used for the arc discharge.
Electron microscopy reveals that each needle comprises coaxial
tubes of graphitic sheets, ranging in number from 2 up to about
50. On each tube the carbon-atom hexagons are arranged in a
helical fashion about the needle axis. The helica) pitch varies from
needle to needle and from tube to tube within a single needle. It
appears that this helical structure may aid the growth process.
The formation of these needles, ranging from a few to a few tens
of nanometres in diameter, suggests that enginecering of carbon
structures should be possible on scales considerably greater than
those relevant to the fullerenes.

Solids of elemental carbon in the sp® bonding state can form
a variety of graphitic structures. Graphite filaments can be

Electron beam

FIG. 2 Clinographic view of a possible structural model for a graphitic tubule.
Each cylinder represents a coaxial closed layer of carbon hexagons. The
meaning of the labels V and H s explained in the text.

graphite filaments’. The apparatus is very similar to that used
for mass production of Cg, (ref. 9). The needles seem to grow
plentifully on only certain regions of the electrode. The electrode
on which carbon was deposited also contained polyhedral parti-
cles with spherical shell structures, which were 5-20 nm in

Nature Vol 354, 7 November 1991
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The Scienie Channeldeo 100 Greatest Discoveries: Chemistry

100 Greatest Discoveries: Chemistry Image: science.discovery.com

image: moonrise from the ISS, http://spaceflight.nasa.gov



...incentives for energy efficiency and clean energy

are the right thing to do for our future

because the nation that leads the clean energy economy
will be the nation that leads the global economy.

And America must be that nation.

image: moonrise from the ISS, http://spaceflight.nasa.gov



...jars reminder.



