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Solubilization of Single-Walled Carbon Nanotubes with
Monoporphyrins

Takanori Shimawaki', Shuji Aonuma', Takahide Kimura?, Naoki Komatsu®"
! Department of Material Science, Osaka Electro-Communication University,

? Department of Chemistry, Shiga University of Medical Science

Single-walled carbon nanotubes (SWCNTs) were attempted to be solubilized into organic solvent with the
following monoporphyrins; 5,10,15,20-tetrakis(octadodecyloxyphenyl)-21H, 23H-porphyrin (TOPP-H,),
5,10,15,20-tetrahexylporphyrin ~ (THP-H,),  5,15-bis(3,5-dioctyloxyphenyl)-2,8,12,18-tetradodecyl-3,7,13,17-
tetramethylporphyrin (DPP-H,) and their Zn analogs. Only DPP-Zn solubilized a small amount of SWCNTs,
though the rest of the porphyrins did not exhibit almost no solibilizing ability towards SWCNTs. The fact is in
marked contrast to the large solubilizing ability of diporphyrins reported by us (N. Komatsu, et al., submitted for
publication). The SWCNTs obtained through solubilization were found to be purified, but did not change in the
diameter distribution and the ratio between metallic and semiconducting tubes. Although semiconducting
SWCNTs were obtained separately through the solubilization with monoporphyrin analogous to TOPP-H, (Y-P.
Sun, et al, J. Am. Chem. Soc., 2004, 126, 1014), our attempt to trace the report merely provided almost no
extraction of SWCNTs.
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Chart 1. Diporphyrins used for the selective extraction of SWCNTs>
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Scheme 1. Synthesis of TOPP-H; and TOPP-Zn
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2-1. £/HRLVT 4 U DERK

RUF M BER (KA RFZRFEERE TEHER)DL O FIEICK Y. 51015.20-
tetrakis(octadodecyloxyphenyl)-21H, 23H-porphyrin (TOPP-H,) % Scheme 1 ([ZfEWARk L7z, £7,
Williamson & {12 £ U p-octadecyloxybenzaldehyde # &Rk L, Z4L & pyrrole & DI XYW TOPP-H, %
G L7z, 7. 5,10,15,20-tetrahexylporphyrin (THP-H,) (X'= #FHffd - (L KFRR, #E) 12/ K
HW72 b O % H v  (Scheme 2) . 5,15-bis(3,5-dioctyloxy-phenyl)-2,8,12,18-tetradodecyl-3,7,13,17-
tetramethylporphyrin (DPP-H,) (22U TiE A. Ashokkumar i+ (CRHESKZEPE@MAANEE ¥ —) 12X
HE)TRE—IVKREROBIERYME L TELNTZLDE AV (Scheme 3),
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Scheme 2. Synthesis of THP-H;
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Table 1. Porphyrin (J 5mg) (Z & % SWCNT (J 10mg) Dl

& (mg) & (mg)
THP(H;) none 10.2
DPP(H,) trace 10.5
DPP(Zn) 0.15 10.2
TOPP(H,) none 11.4
TOPP(Zn) none 11.0
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Figure 1. TEM images of the extracted (left) and the residual (right) SWCNTs
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Figure 3. Raman spectra of extracted and residual SWCNTSs
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SWCNTSs (20 mg) + TOPP-H, (40 mg) in CHCl; (4 ml)

bath sonication, 48 h
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5. FBr
5-1. brEkss

SWCNTs, & 2 WA LI ALBEWITRIT 2 5001%, AFE=E, & L IR ER R R FEE 3%
YU —FADOUTORBEEZHNTIToT, B, 7~ AT MUZOWTIE, BRIk
Sth. SEEE —ARICHIETEVW 2,

A A bath type: BRANSON 2510 (100W, 42kHz)tip type: MISONIX (550W, 20kHz)
oy BERE  centrifugation: TOMY MRX-152
high centrifugation: BECKMAN J2-21M
ultra centrifugation: BECKMAN TL100E
NMR JEOL INM-GX200
UV  SHIMADZU UV3100PC
MALDI-TOF-MS Applied Biosystems Voyager RP
TEM Hitachi H-500
7~ A7 kb RENISHAW

5-2. 3K
DIFORELEHN., 2 RAL T4V OERKREITT,

TFA: FIOERHR 99%
Bromooctadecane: Aldrich 96%
Pyrrole: Alorich 98%

Chloroform: &4 RA{L5—#% 99%
K,CO3: Fift

DMF: nakalai tesque 95%

TLC: Silica gel 60F;s4

Alminium oxide 60F,s4 neutral

H17 L7 v~ ~T7Z 7 4 —: Silicagel 60(70-230mesh)



Alminium oxide 90(70-230mesh)

SWCNTs DO r[¥E biX. THF (FiYt, WiAKZEAIARE) ZHWTITo72, 7238, SWCNTs 1L, 7—7
FEICX0ERL, ERESREF CORBEICL DB 2T b 02 B RIGEHESH L v TEW
7.

5-3. E/HRNLT 4 U DERK
5-3-1. p-Octadecyloxybenzaldehyde ™4 ik

Tl FaTd—r—TAEHWTHEERE L= DMF H(Z p-hydoxybenzaldehyde 9.53g (75.0mmol)& 1-
bromooctadecane 50.26g(150mmol)% AL, REEH UV U A 50.01g 2N 7 V= 2GR T 14000, 30 FREfH]
NN U7z, MEAE IL 7%, REBH Y U LEORKET T — a TR BREEIKRZE L7z,
Z}UZ HyO 250ml, Hexane 200ml Z A1 2. 72 & & ARED AABEIRDKEIZAE LT, 0 HABKEZTE
WIZEVERVERE, ZO—%% TLC THMHrL-E A, HEWE TH D p-hydoxybenzaldehyde | 1-
bromooctadecane & & HIZZFN D LITHELD REEEZFFOAR Yy M RO, T4 % hexane TTZX 5
PHENL, OV IERTIEB L%, RELEONRTHELN-AKE L 2 A CTHE L7, 'H-
NMR DfER, HFHEWE T 5 bromooctadecane & de Z & 3 H 22 & 72 572, p-hydoxybenzaldehyde ™
E— 7 XA TH S p-octadecyloxybenzaldehyde & IFIE[R UNMEICH HNEDTESLLDOILEWNE
FNTWVDEIDNRETHZ LI TERDN o7, HEWEZIR 729 hexane TR AHOUEVE & 3 A 7o 034l
FEN ERSlemoici-o, U BNV T A(EBRTARE hexane: ethyl acatate= 2:1) TR L, HIHTH
% p-octadecyloxybenzaldehyde % 757-,

I 26.8%

FI A 7.535g (20.1mmol)

'"H-NMR (CDCls, 270MHz) 9.88(s, 1H), 7.84-7.81(d, 2H), 7.00-6.97(d, 2H), 4.06-4.01(t, 8H),

1.69-1.26(m, 32H), 0.90-0.86(t,3H)

5-3-2. 5,10,15,20-Tetrakis(octadodecyloxyphenyl)porphyrin (TOPP-H,) D& f%

EFEL X 2T —r—T RAEHWTHEZARE L7 Chloroform(560ml) #1 {2 p-octadecyloxybenzaldehyde
6.37g(17mmol) & pyrrole 1.15ml(17mmol)% AL, 30 537 /v T2 A T/NT Y > 7% Lz, Trifluoroacetic
acid2.4ml) & il 2 3 WEfE#EH L. p-chloranil(4.2g) & Ml % 12 BRI L=, TOF FwE 7%,
Chloroform 25ml (2L, TV F DA 7 A(JEBAVAL: hexane: chloroform= 1:1)IC X W FER L7z, ~V
B 7D TLCJEBITARE hexane: chloroform= 1:1)T Rf =07 2/ ~3 777 v a 28D, E L%,
FF Y Chloroform 27ml \ZEE2 L, & U B 771 7 LR hexane: chloroform = 1:1)IZ KX 2 F# 217 -
76



IR 6%

SREAEIK 1.66g

'H-NMR (CDCls, 270MHz) 8.85(s, 8H), 8.10-8.07(d, 8H), 7.27-7.24(d, 8H), 4.26-4.22(t, 8H), 1.99-1.94(m, 8H),
1.61-1.52(m, 8H), 1.65-1.23(s, broad, 112H), 0.88-0.84(t, 12H), -2.75(s, 2H)

MALDI-TOF: 1703 (calcd. 1689)

5-3-3. TOPP-Zn DHfK

TOPP-H, 213.9mg % chloroform 50ml (Z¥Af# L. zinc acetate (D AIF] MeOH A 10ml Z %, 24 FFRE
TV AR TR LA BIRYE L, B##R% H0 25ml 22 T4k L. /KJE % chloroform 50ml T
2 [EIfhH L72%% chloroform J&Z #.[H L7z, TLC TH#rL7cE 2 A, TOPP-Zn D ARy BT —V 7
L7=DTY U 7 NH T A(EBIVAEEE hexane: ethyl acatate= 2:1) THBL L 7=, > U B # /L TLC(JEBAFRBE
hexane: chloroform= 2:1)C RffE=0.8 Z/R"$T 75 7 L 3 L&D, B L7, 'H-NMR IZ X 25 OfE
R BB TND Z EDH LTz, ZauE, TOPP-Zn 233 U BT NT1 T LOEHP T LT7-
WEBZZOND, R ZEID R 729 hexane Z A T L7z, R EBHR EIZEK-T-H0%
'H-NMR T3 % & IBKITHENES | BRLEICE b0 SN TV T, ZxEIRL
77

IR 33.3%

SREAEIK 73.8mg

'"H-NMR (CDCls, 270MHz) 8.88(s, 8H), 8.02-7.99(d, 8H), 7.17-7.14(d, 8H), 4.15-4.10(t, 8H), 1.93-1.83(m, 8H),

1.53-1.47(m, 8H), 1.81(s, broad, 112H), 0.88-0.84(t, 12H)

PC-NMR (CDCl;, 270MHz) 158.67, 150.39, 135.28, 131.77, 120.75, 112.54, 68.36, 32.02, 29.81, 26.36, 22.80,

14.22

MALDI-TOF: 1752 (calcd. 1752)

6. CHR

1) R. Bruce Weisman, Sergei M. Bachilo, Michael S. Strano, Carter Kittrell, Robert H.Hauge, Richard E.
Smalley, Science, 2002, 298, 2361-2366

2) R. C. Haddon, M. A. Hamon, M. E. Itkis, S. Niyogi, T. Alvaraez, C. Kuper, M.Menson, J. Am. Chem. Soc.,
2001, 723, 11292-11293

3) N. Komatsu, A. Ashokkumar, K. Tominaga, S. Tachizono, M. D. Milton, T. Shimawaki, N. Kadota, T.
Yamao, K. Yoshida, S. Aonuma, S. Fujita, S. Isoda, T. Kimura, H. Uno, A. Osuka, submitted for publication

4) Y-P. Sun, H. Li, B. Zhou, L. Gu, W. Wang, K. A. S. Fernando, S. Kumar, L. F. Allard, J. Am. Chem. Soc.,
2004, /126, 1014-1015



