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Synthesis, Characterization and Photoelectric Properties of the Copper
Phthalocyanine-modied Multi-walled Carbon Nanotubes
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Abstract: Multi-walled carbon nanotubes (MWCNTs) were grafted with sulfonyl chloride groups using
chlorosulfonic acid as a sulfonation reagent, and then the amino-modified multi-walled carbon nanotubes of
MWCNT-NH, was prepared via the aminolysis reaction. The MWCNT-NH, was further reacted with copper
phthalocyanine sulfonyl chloride to prepared the complex of MWCNT-Pc. The products were fully characterized by
various standard analytical techniques, including scanning electron microscope, transmission electron microscope,
infrared spectroscope, UV-Vis absorption spectroscope, Raman spectroscope, X-ray photoelectron spectroscope,
thermogravimetric analysis, and cyclic voltammetry. The results indicated that the complex of MWCNT-Pc was
fabricated through covalent assembly of MWCNT-NH, with copper phthalocyanine, with a copper phthalocyanine
molecule for every 38 MWCNT carbons.The thermal stability of the complex of MWCNT-Pc was lower than that of
MWCNT-NH,.The photoelectrode of ITO/MWCNT-Pc fabricated by the method of the spray showed a better
photoelectric performance with the photovoltage and the photocurrent were 0.434V and 0.158mA/cm?’ respectively,
and the internal photoconversion efficiency at 320nm was up to 19.8%. Based on the band structure of the complex
of MWCNT-Pc, the photoinduced electron transfer process was proposed as follow: firstly the electronic transitions
occured in the Pc moiety of MWCNT-Pc, following electrons transferred to MWCNTSs and then further passed to the

ITO to achieve the charge separation.
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Fig. 1 IR spectra of NH,SO,- and Pc-containing nanotubes
matched up to those of the starting p-MWCNT, s-MWCNTSs
and tetrasulfophthalocyanine
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Fig. 2 Absorption spectra of s-CuPc (a), sS-MWCNTs (b),
MWCNT-NH, (c) and MWCNT-Pc (d)
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Fig. 3 Raman spectra of MWCNT-Pc,
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Fig. 4 XPS spectra (A) of MWCNT-CuPc (a), MWCNT-NH,(b), p-MWCNTSs(c) and and Cus, (B) core level spectra for
MWCNT-CuPc. Cy5(C), N15(D) and S,,(E) core level spectra for MWCNT-CuPc
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Fig. 5  Thermogravimetric analysis of MWCNT-CuPc,
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(Heating at rate of 10°C/min in air)
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—1.5~1.5V X [H] (1) AL F AT R P, A R ) o R
DU AR B HLXE, 4351k 0.0177(A1)/—0.162(By)-
0.346(A,)/0.239(B,) . 0.732(A3)/0.572(B3) Al
1.245(A4)/1.209V(By), H:H Ay/By Fll Ag/By A K75 34
R RR B AT RS — AN LT R, AlBy H
Cu()/Cu(IfF 2k — AL 777 4. A/By. AlB, Fi
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0.241 eV), W RIHFHEAENE B Enomo=-5.393 eV,
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Fig.6 (a) CV curves of MWCNT-CuPc and s-CuPc; (b)(c)Differential pulse voltamograms (DPV) of MWCNT-NH, and
MWCNT-CuPc
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Fig. 7 (a) I-V characteristics of MWCNT-CuPc under white light illumination and in the dark; (b) Photoaction spectrum of
MWCNT-CuPc
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/@t MWCNT-NH, L IBEZ LS Pe R
HEY, WA EZ) 38 BRI T 45 A — AN R LR
FHO T % MWCNT-Pc 8 &9 1) # ks @ T 8
MWCNT-NH, 1&; MWCNT-Pc ¥ & [ Pc ) HOMO.
LUMO %S¢ MWCNT-NH () 1)) 88 435l 4 —5.393
-3.55 Fl -4.271eV. W 13 h Wt & L #1510
MWCNT-Pc/ITO i HL A% 119 JT % Ha s 1 A % H 9L 20
W 0.434V F1 0.158mA/em?, Ly AF FH i g,
J6H) IPCE {H 51k 19.8%. %:T MWCNT-Pc ffIREHF
SEKY, ATLAIAH MWCNT-Pe (0615 S i TR
T2 Pe iy 3 K AR GO L IBRIT, b )S T A 2
MWCNT EJfiE— AR 3] 1TO, 56 AT 73 25
ZAK S GWA G B T I R AR N H .
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