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• Chirality  selective  synthesis  of  single-walled  
carbon  nanotubes  (SWCNTs)

• Assembly  of  carbon  nanotube/graphene  hybrid  carbon  
fibers  for  fiber  supercapacitors

• Antibacterial  activity  of  carbon  nanotubes  and  
graphene

Three  Case  Studies
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Electronic  transistors Photovoltaics Bioimaging/phototherapy

Images  from  Prof.  Maruyama;;  Carbon,  2015,  81,  1;;  and  JACS,   2013,  7,  3644  

Chirality  of  SWCNTs
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Nano  Letter,  2008,  7,  2082  ;;  Carbon,  2015,  81,  1

Catalysts  in  Chemical  Vapor  Deposition  of  
SWCNT  Synthesis
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(JPCB,  107,  
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Ni-MCM-41
(Nanotechnology,  

16,  S476)

Metal  loading
(Carbon,  44,  67)

T/P  effects
(JOC,  225,  453;;  226,  
351;;    JPCB,   108,  

15565    )

Carbon  feeds/P
(JACS,  129,  9014;;  
Carbon,  45,  2217,  
JPCC,  111,  14612)  

Co-SBA-15
(MMM,  110,  347)

Supports (JMS,  
44,  3285

Nano,  4,  99)

Co-TUD-1
(JACS,  132,  16747)

Carbon  dimer
(ACS  Nano,  4,  939
TCA,  128,  17)

Reactive  sites
(JPCL,   2,  1009;;
JPCA,  116,  11709)

Plasma/S
(Carbon,  66,  134;;
JMCA,  3,  3310)

CoSO4/SiO2
(ACS  Nano,  7,  614;;

JOC,  300,  91;;  CC,  49,  2031)

Efforts  on  Chirality  Selective  Synthesis



• Similar  chirality  distribution  can  be  obtained  using  different  carbon  
precursors

• Predominantly  in  the  same  high  chiral  angel  region

Effect  of  Carbon  Precursors

9 JACS,   2007,  129,  9014



Journal  of  Physical  Chemistry   C,  2007,  111,  14612

Pressure  Induced  Chirality  Selectivity  Changes
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JACS,   2010,  132,  16747  

• SWCNTs  with  narrow  (n,m)  distribution  at  about  1.2  nm

3D  amorphous  structure  
with  random  and  

interconnecting  pores  

Co-TUD-1  Catalyst
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ACS  Nano,  2013,  7,  614  ;;  Journal  of  Catalysis,  2013,  300,  91  

Oxolation  reaction
chelating  bidentate  SO42-

CoSO4/SiO2 Catalyst
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Chemical  Communications,   2013,  49,  2031  

Co(acac)2/SiO2

CoCl2/SiO2

Co(NO3)2/SiO2

Sulfur  Induced  Chirality  Selectivity
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Activity

Cost

StabilitySelectivity

Catalysts  for  Chirality  Selective  Synthesis  of  
SWCNTs
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• Chirality  selective  synthesis  of  single-walled  carbon  
nanotubes  (SWCNTs)

• Assembly  of  carbon  nanotube/graphene  hybrid  
carbon  fibers  for  fiber  supercapacitors

• Antibacterial  activity  of  carbon  nanotubes  and  
graphene

Three  Case  Studies
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Carbon  Based  Electrodes/Electro-Catalysts
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Energy  &   Environmental   Science,   2011,  4,  4220 Electroochimia Acta,  2012,  78,  122-132 Journal   of   Solid  State   Chemistry,   2015,  224,  45  

Nanoscale,   2013,  5,  3457Journal   of  Materials  Chemistry   A,  2013,  1,  11061 Nansocale,   2013,  5,  11108

Advanced   Functional   Materials,  2015,  25,  1063     Catalysis   Today,   2015, 249  228-235 Journal   of  Materials  Chemistry   A,  2015,  3,  7210-7214



Emergence  of  Fiber  Supercapacitors
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Emergence  of  Fiber  Supercapacitors
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Synthesis  of  Carbon  Composites

Nanoscale,  2013,  5,  3457;;  Journal  of  Materials  Chemistry  A,  2013,  1,  1106119

Graphene  oxide  sheets
Specific  surface  area:  2630  m2/g

Stacked  GO  films:  20-50  m2/g

3D  GO  composites:  800  m2/g
Density:  <  1  mg/cm3

Hydrothermal  
synthesis  in  
autoclaves



Synthesis  of  Carbon  Hybrid  Fibers  

Nature  Nanotechnology,  2014,  9,  55520

Fused  Silica  Capillary  Column Gas/Liquid  Chromatography



Nature  Nanotechnology,  2014,  9,  555  

3D  Composite  Confined  within  1D  Fiber
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polyvinyl  alcohol  

6.3  mWh/cm3

Nature  Nanotechnology,  2014,  9,  555

All-Solid-State  Flexible  Fiber  Capacitors
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Nature  Nanotechnology,  2014,  9,  555

Integration  in  a  Self-Powered  Nanosystem
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Advanced  Materials,   2014,  26,  6790

Controlled  Functionalization  of  Carbon  Hyrbid
Fibers
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Advanced  Materials,   2014,  26,  6790

Asymmetric  Solid-State  Micro-Supercapacitors
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Neutral  Electrolyte Wider  voltage  window:  1.8  V

High  energy/power  density Integratable  in  nanosystem



• Chirality  selective  synthesis  of  single-walled  carbon  
nanotubes  (SWCNTs)

• Assembly  of  carbon  nanotube/graphene  hybrid  carbon  
fibers  for  fiber  supercapacitors

• Antibacterial  activity  of  carbon  nanotubes  and  
graphene

Three  Case  Studies
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Antibacterial  
Activity

Antibacterial  
Application

Antibacterial  
Mechanisms

maximize  the  
CNM  

antibacterial  
application  
potentials  and  
minimize  risks
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Factors



ACS  Nano,  2009,  3,  3891

Dispersed  SWCNTs  Kill  More  Bacteria
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SWCNT
Aggregate

Individual  
SWCNTs



AFM  amplitude  images  of  (A)  E.  coli  and  (B)  E.  coli  after  piercing  by  a  2  
nm  AFM  tip  for  200  times  at  different  locations.  

SWCNTs  dispersed  in  solution  cannot  induce  large  forces  (>  10  nN)

nN
nN
nN

nN

Nanoscale,  2010,  2,  2744

Atomic  Force  Microscopic  Study  of  Cells
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The  antibacterial  activity  of  SWCNTs  is  the  accumulation  effect  of  large  amount  of  
nanotubes  through  interactions  between  SWCNT  networks  and  bacterial  cells.

Nanoscale,  2010,  2,  2744

Group  Attacks  on  Cells
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ACS  Nano,  2011,  5,  6971

Oxidative  stress
rGO  >  Gt  >  GO  ≈  GtO

Antibacterial  Activity  of  Graphene  Based  Materials
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Antibacterial  activity  
GO  >  rGO  >  Gt  >  GtO



Langmuir,   2012,  28,  12364

Size  Effect  on  Antibacterial  Activity  of  GO
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Journal  of  Membrane  Science, 2015,474,  244

Exploring  Potential  Antibacterial  Applications
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Langmuir,   2011,  27,  9174  

Chemistry   - An  Asian  Journal, 2013,  8, 437

Journal  of  Membrane  Science, 2013, 446,  244

Journal  of  Colloid  and  Interface  Science,
2014, 430,  121
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