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BRI RFRIAIZMA-HICENE

500°C, 2 h, 5x10° Torr

Fan et al. JPCB 2006
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-1p-o<YEEAE (Slow combustion)
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Fan et al.
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Specific surface area

Fan et al. JPCB 2006

N, adsorption at 77K. Xylene adsorption at r.t.
= 1600 — R e —
= . o | = 0.4-
S s NI 2 g
~ 1200} | —" . 2 '
% OO : :7I 12 o0s /
@ Slow combustion & .
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> L | e |5 | !
g 400 o L s 0.14 -éow combustion " ]
S -Usual combustion | S | _
0 1 Z 00
? "0 50 400 500 600

25 350 400 450 500 550 600
Oxidation temperature ("C) Oxidation temperature (°C)

BETI & ;B X (Brunauer,Emmett. Teller)






Holes in graphene walls

SWNHox
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Ajima et al. Adv. Materials, 16 (2004) 397.
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70

60

50

40

30

20

10

Distribution of Hole Sizes.

O,, 570°C, 15 minutes

Number of holes opened

on the tips
Number of the holes opened _

on the side-walls

ANEN

0-
0.5

—

0.5-
1.0

X

1.0-
1.5

==
.
.
o\

15- 20- 25- 3.0- 35- 40- 45- 50- 55-
20 25 30 35 40 45 50 55 60

Hole size ( nm )
Ajima et al. Adv. Materials, 16 (2004) 397.



Hole sizes depending on oxidation temperature

Murata et al. JPCB 2002
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Trap

SWNTs
(Laser ablation’
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Oil bath
(~130°C. > #EFhif)




As -grwon SWNTs
(Laser ablation)

Nagasama et al. CPL 2000
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420°C, 20 min.
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IR assighments of functional groups on
carbon surfaces

Fanning PE, Vannice MA. Carbon 1993;31:721.

C-O in ethers (stretching) 1000-1300

Alcohols 1049-1276 3200-3640
Phenolic groups:

C—OH (stretching) 1000-1220

O-H 1160-1200 2500-3620

Carbonates; carboxyl-carbonates
1100-1500  1590-1600

C=C aromatic (stretching) 1585-1600
Quinones 1550-1680
Carboxylic acids 1120-1200 1665-1760  2500-3300
Lactones 1160-1370 1675-1790

Carboxylic anhydrides  980-1300 1740-1880
C—H (stretching) 2600-3000
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% 3h-Ox //0{2} :
O 2h-Ox No@) '
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daS-grown O(2T ot
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Temperature (C) Zhang et al. ACS Nano 2007



Fanning PE, Vannice MA. Carbon

1993:;31:721.
PD Ref. (Temperature)
[9] (523 K)
—— CARBOXYLIC —— (O, (23] (373 2673 K)
[18] (473 a 523 K)
i [10,24] (900 K)
— LACTONE ~ —— (0, [18] (623 a 673 K)
[25] (463 a 923 K)
PHENOL CO (18] (873 a 973 K)
— = CARBONYL —— CO [25] (973 2 1253K)
[18] (1073 a 1173 K)
[26] (873 K)
CO+ [9] (900 K)
ANHYDRIDE Co, [10.24] (900 K)
[18] (623 a 673K)
—— ETHER —CO [24] (973 K)
QUINONE co [25] (973 a 1253 K)

[18] (1073 2 1173 K)
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Temperature (°C)
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1h-LAOXx
4h-0x

2h-LAOx
3h-LAOx

TGA (He)

Zhang et al. ACS Nano 2007

FT/R—VIRBEYD A (ERE

~2nm) D%~ -
(%9F5,)

- SﬂﬁI*EnEArio



HILREF S IILEDRIRAE

Hashimoto et al. PNAS 101(2004)8527.
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A[tR1E ( Site localization)

{ -CO-O-NH,-Pt(NH,)<(OH),

-COO" Pt(NH;3):(OH), (NH,)*

Xu et al. APA 2010




I
Z1\N

y

EDRFE—COOHMD

=kZAR]

Pt 1t

»~

d -
Yy
_

H202 26d

RS

FTENININ

2=

o g e )

Xu et al. APA 2010



Pt complex particles: Size distribution

SWNHasPt

05709 1714 1519 2724 25729 >3
Pt particle size (nm)

70- SWNHox-6d, Pt
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Pt particle size (nm)
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141
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SWNHox500Pt

05709 1714 1519 2724 25729 >3
Pt particle size (nm)

SWNHox-26d, Pt
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Pt particle size (nm)

Xu et al. APA 2010
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Weight loss (%)
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Pt =(%. COOHD = E4BE,

Xu et al. APA 2010
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Hirahara et al. Phys. Rev. Lett. 85, 5384, 1999
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(Cgo)y @SWNT (Peapod)

1. Open SWNT tips
by Oxidation.

2. Expose to Cg, Vapor
at 400 °C.




Cso@SWNTs - Double-walled carbon nanotubes

Bandow et al. Chem. Phys. Lett. 337, 48, 2001
Ceo@SWNT
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Incorporation in liguid phase at room temperature.

Yudasaka et al. Chem. Phys. Lett. 2003.
SOIVentS Yuge et al, J. Phys. Chem. B 2005.

® Nano-Extraction

"'O"a, A
moleculés—strong — CNT, SWNH v —
® Nano-precipitation
Solvents evaporat;pn

Q . _ i
& / Affinit ® Nano Conde”iﬂ;ﬂogﬂ g - Solution
Guest / balance Filtration

molecules  \yeak
® Nano-Titration, etc.



Incorporation Methods : Non-equilibrium methods of Cg, In
Liquid Phase at Room Temperature

Nano-Condensation

—— ] C4y+ Toluene

e %o /SWNT
(

_or SWNH

Filter
paper
\

TEMgrid—__

M.Yudasaka et al., Chem. Phys. Lett., 380, 42 (2003).
Ajima et al. Adv. Materials, 16 (2004) 397.



Ceo @ SWNHSs

a et al. Adv. Materials, 16 (2004) 397.

Ceo @ SWNTS

M.Yudasaka et al., Chem. Phys. Lett.,
380, 42 (2003).
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Incorporation Methods : Non-equilibrium methods of Cg, In
Liquid Phase at Room Temperature

Nano-Extraction

Cq, + EtOH + SWNT/ SWNH

M.Yudasaka et al., Chem. Phys. Lett., 380, 42 (2003).
Ajima et al. Adv. Materials, 16 (2004) 397.



Incorporation of ZnPc into SWNHs (NHox)

SWNHox was SWNHox was Filtration, Dried in
dispersed in DMSO- ﬂ immersed in ﬂ and washing ﬂ N, flow
Ethanol solution of ZnPc-DMSO - with ethanol atr. t.
ZnPc EtOH for 24 h

ZnPc-DMSO — —~
B o
24 h ZnPc@NHoX

Zhang et al PNAS 2008



TEM image of ZnPc-SWNHox
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Zhang et al PNAS 2008



Chemical Modification of ZnPc-SWNHox with BSA protein

TGA results
100!
: A
g ~ BSA
: Yy 2900
80} 20 %
= 60¢
2 |
QL ¥
= 40t
ZNnPc
20 ¢ ~40 Wt.%
in O,
of

0 200 400 600 800 1000
Temperature (°C)

The content of ZnPc in SWNHox did not
change after modification with BSA.




PNAS 2008

Zhang et al




Ajima, et al. ACS Nano 2008

-
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2nm

CDDP
clusters

Cisplatin (CDDP)@SWNHox

*Abundant incorporation :

CDDP 50 wt%
*Slow release : 4days

- r., -, 0
e OJAIP

..V K :H,.x §
Wauu..w .‘0 , QN—A.



Molecular structure confirmation for CDDP

HN cl in CDDP@SWNHox

ICP analysis - Pt:.Cl=1:2

STEM image Z-contrast image EELS
Pt: Bright spots  Cl and C mapping

Ajima, et al. ACS Nano 2008
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Raman spectra

_ 40% (0.67 g/q)
CGO@SWNHOX | — |_>
m 15% (0.18 g/g)
-_ | 10% (0.11 g/g)
— 5
L ] —21
% = 3% (0.03 g/g)

1% (0.01 g/g)

100 1 0.6
Yuge et al. JPCB 2005 o——— . . 0.0
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Raman spectra
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Intensity (arb. units)

6000 5' | | | 1 XRD
a0} | S = 1 ¢
| = 38 - 60
2000 N B Yuge et al. JPCB 2005
0 S
400 1
200 1
0 A . l . 1 .
1500 1
A A M A 60% -C, @SWNHoOX
0 — ] 40%
500 M 415%
oL N 0%
10 15 20 25 30

2 theta (degree)



Raman spectra
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Raman spectra
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Intensity (arb. units)

15%-Co, @SWNHOX
0.18} :

0.17
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Raman shift (cm™)

Raman spectra
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B SWNHAEBIZIXC MLV EERER,

> TGAMBGC, ,2x RiFEHo1-,

B NE=, TAA=THIEITES,

Starting quantity of C, i 1 3 10 15 40 60
in the initial mixture of | g/g 0.01 0.03 0.11 0.18 0.67 1.50
Ceor SWNHoX, and

toluene vol/vol 0.02 0.05 0.17 028 1.06 1.65
Ratio of incorporated | g/g 0 0.03 0.09 011 0.22 **
Ceo and SWNHox in the

end products  of|vol/vol O 0.05 015 019 036 **
Cen@SWNHox

In calculating C,, quantities in units of vol/vol, the density of the C, crystal (1.68 g cm™)

and the pore volume of the inside space of the SWNHox (0.36 ml g-1)13 were applied.

ﬁﬁl:@éiih‘l\fdﬂ,\%é[:(is Eo)g_l_iﬂlliﬁ
B 5 TIXELY,



Gd(111)
-NHox Equilibrium methods for preparing

Gd-acetates@SWNHox
SWNHox and Gd(OAC);*4H,0 are

/_K\a » immersed in EtOH at room temperature.
no- G

window acetates I

NHox

Hashimoto, A. et al.,
roc tI. Acad. Sci. USA. (2004).

S

Gd(OAc) *0.5H,0
(From TG-MS and IR )
(Gd(OACc), =4H,0 was changed.)

1. Stirring of NHox and Gd(OAc),*4H,0
in EtOH for 24 hrs atr.t.

2. Filtration

3. Sonication in EtOH for 20 sec

4. Filtration

5. Vacuum drying
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Intra-SWNH pore |l

Intra-SWNH pore |
P 0.2 ml/g

0.2 ml/g

Inter-SWNH pore
0.1 ml/g



Desorption of
Xylene and benzene

/CH3

CH,

-
N

I
=

O(weight)/aT (%/°C)

O
o

100 200 300
Temperature (°C)

Single-wall carbon nanohorns



1 hour

Desorption:
quantity |
(DQ)

0 100 200 300 400 500 600

Temperature (°C)

0 ~ 21 days

dry air

0.25

Deriv. Weight (%/°C)

Yudasaka et al. JPCB 2005 Fan CPL 2004

0.20
0.15;
0.10;
0.05-
0.00

Xylene@NHox

Temperature at
maximum of
DW curve
(T(desorb))

0 100 200 300 400 500 600
Temperature (°C)



Xylene adsorption quantity depended on hole-opening temperatures.

<C:>\>/CH3 Adsorbed xylene was released slowly.
CH,
100 100 [
= 90f 350N, el - = N0
8 [ 600——in ety g
> 80l 450 —— = e 80
580 i:f ________ :
20 550°C ~ | - 70 [ ]
0 100 200 500 600
Temperature (°C) 0 %%%peraﬁ(r)f (°C) >00 600
o - . O | 21days
P — 2 02}
S o 600 S
= i<
S 0.1 450 3 0.1 L
= 350 =
2 As-grown =
| s [<5)
800_“"" D0.0_— i 1
0 100 200 500 600 0 100 200 500 600

Temperature (°C) Temperature (°C)



Xylene adsorption guantity depended on hole-opening temperatures.
Adsorbed xylene was released slowly.

_CH;
Z CH,
e E 100 T T s
7 O . i ] B
Q__———OA o© 20 25.¥ /O’O;’ I
’\5\ 20 [ J ‘\ i ,C: 20_ O L
= N8 o~ 1A C 100
8’ 15 / ] 60 E-; E’% 15 o) 0\ :
10 ~° 40z Rl e 3
5 -20 51 i
N 0 oL\ 0
0 3030 400 500 600 0 5 10 15 20

Tox (°C) Period(air) (days)

(Do) (gJosap) L



Xylene adsorption guantity depended on hole-opening temperatures.
Adsorbed xylene was released slowly.

Deriv, Weight (%°C-1)

0.2-]
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T(desorb)(°C), FWHM(°C), Quantity (g/100g)
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Benzene adsorption quantity depended on hole-opening temperatures.

141
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o
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Yudasaka et al. IPCB 2005
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Benzene adsorption quantity depended on hole-opening temperatures.

0

0.1 Tox 620°C

00 ————— L U —
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Yudasaka et al. JIPCB 2005
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sites X Y Z

Desorption quantity

Xylene/SWNHox | (Mole/SWNHox(oogy | ™' | 2 | PR
Desorption temp (°C) 75 120 170
sites Y Z
Desorption quantity

Benzene/SWNHox | (mole/SWNHox(100g))

Desorption temp (°C) Not detected | 80-110 | 130-190

Yudasaka et al. JPCB 2005



Relation between number of C,, molecules and local
diameters of NHox

Cso molecules (0.7 nm) were preferentially incorporated at
sites of NHox with diameters of 1-2 nm.

w
o1

w
o

N
o1

N
o

[T
o1

[T
o

Number of incorporated
C¢o molecule

o Ol

0.5- 1.0- 1.5- 2.0- 2.5- 3.0- 3.5- 4.0-

09 14 19 24 29 34 3.9
Local diameter: 2r (nm)

K. Ajima, et al. Adv. Mater. 2004, 16, 397-401.



Stablility of peapod depends on diameter of

SWNTSs

Cqo €ncapsulation in nanospaces by van der Waals force

AE (eV/Fullerene)

I

=
o Ln

—_ &
) | i h

_2:....I..-:u.l....l....l....l..-\..
1.2 1.3 14 15 16 1.7
L&WNT diameter (nm)

S. Okada et al., Phys. Rev. B 2003, 67, 205411—
205415



Quantum Effects on Hydrogen Isotope
Adsorption on Single-Wall Carbon Nanohorns

Tanaka et al. JACS 2005
Ca

Tubular part
( Structureless )

Cone part
/ [ Atomistic )
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Quantum effects cause the density of adsorbed H, inside the
SWNH to be 8-26% smaller than that of D,



Nanowindow-Regulated Specific Capacitance of
Supercapacitor Electrodes of Single-Wall Carbon
Nanohorns
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