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S u m m a r y  

Addition of C6o moiety, a powerful electron acceptor to poly(N-vinylcarbazole) 
by chemical reaction results in the marked enhancement in photoconductivity 
relative to pure PVK and C6o /PVK mixtures (C6o-doped PVK). The photo- 
induced discharge rates for pure PVK, C6o-chemically modified PVK(C6o-PVK 
copolymer) and C60-doped PVK under the same experimental conditions are 
found in the following order: C6o-PVK copolymer >C6o-doped PVK>pnre PVK. 
The photoconductive performance in C6o-PVK copolymer is closely related to 
fullerene level. The C6o-PVK copolymer, which has a visibly earthy yellow cast 
when compared with the unreacted polymer, has a new structure in the UV-Vis 
absorption spectrum with the active range extending from about 280 to 870 nm. A 

qualitative comparison of the submicro-morphologieai structures for PVK, C6o, 
C60-PVK and C60-doped PVK is given. 

I n t r o d u c t i o n  

Photoconductivity is one of the commercially significant photoresponses of 
polymeric systems ~ It  is fundamental to photodetection and electrostatic 
imaging, as well as a number of related processes. The enhancement of the 
photoconductivity of poly(N-vinylcarbazole) (PVK, electron donor) film by doping 
with fullerenes(A mixture of C60 and C70) has been reported by Y. Wang (3). It was 
said that the performance of this material, with the active spectral range extending 
from about 280 to 680 nm, is comparable with some of the best photoconductors 
available commercially, such as thiapyrylium dye aggregates. Similar doping 
effects of fuilerene on the photoconductivity are also reported on 
phenyimethylpolysilane(PMPS) r  poly[2-methoxy,5-(2'-ethylhexyloxy)-p- 
phenylene vinylene|(MEH-PeV) ~s'6) and poly(3-octylthio-phene)(P3OT) r The 
photoconductivity is due to the fullerene on the charge generation and the charge 
transport processes in the polymeric system ~7). These results show possibilities for 
the development of fullerene-based polymeric photoconductors. However, to date 
all researchers only focus their attention on the photoconductive investigations for 
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the simple blends of fnllerene and polymers. Little information is available on the 
effect of chemical modification(fullerenation) on the photoconductivity of PVK. As 
a matter of fact, photoconductivity and its component processes, charge 
generation and charge transport, can be controlled by chemical modification of 
polymers. Meanwhile, chemical modification also is useful in improving the 
mechanical properties, particularly, solubility, film formation, flexibility, and 
impact resistance of photoconductive polymer systems ~ . 

This paper first reports the effect of C6o-chemical modification on the UV-Vis 
absorption spectra and photoconductivity of PVK. The results show that addition 
of C6o moiety,  a powerful electron acceptor(EA=2.6~2.8 ev) to PVK by chemical 
reaction results in the marked enhancement of photoconductivity relative to pure 
PVK and C6o-doped PVK. The UV-Vis absorption spectral range associated with 
the charge photogeneration process extends from about 280 to 870 nm. 

Experimental 

A pure C6o sample was synthesized and purified according to literature cs'9), 
solvent residues were removed by vacuum-drying at 200~ for several hours. 
HPLC analysis shows C6o in a purity of 99.5%. The synthesis and characterization 
of C6o-chemically modified poly(N-vinylcarbazole) have been reported in more 
detail previously ~176 Scheme I gives its typical synthetic method. The resultant 
substance's solubility in some organic solvents was found in the following order: 
DMF>CS2,CHCI3>THF>>C6H6. 

Scheme I 
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UV-Visible absorption spectra were measured on a Shimadzu UV-240 

spectrophoto-meter using redistilled paraffin oil as reference standard. The 
surface topographical structures of the sample C6o, PVK, C6o-PVK copolymer and 
C6o-doped PVK were studied by Hitachi HO-IIB scanning electron 
microscope(SEM). The photoconductivity of the samples: PVK, 3.85%C6o-PVK, 
12.80%C~-PVK and 3.85%C6o-doped PVK were measured on a Shishido Type S- 
5109 static honestmeter. A halotnngsten lamp (150 w) is used as the light source. 
The light intensity used is 180 lux.The Sample film, deposited on an electrically 
grounded alnminium substrate, is first coronacharged(positively or negatively) in 
the dark. The amount of surface charge is detected by an electrostatic voltmeter. 
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On exposure to light, the photogenerated electrons and holes migrate to the 
surface, recombine with surface charges and discharge the surface potential. This 
photoinduced discharge process is the basis of xerography. 

Resu l t  a n d  Discuss ion  

The C6o-chemicaily modified PVK has a visibly earthy yellow cast when 
compared with the unreacted polymer and the reason for this is apparent in the 
UV-Visible absorption spectra. It is seen that poly(N-vinyicarbazole) is essentially 
transparent at wavelengths longer than 350 nm, its main UV-Vis bands occur at 
195(vs), 225(ms, shoulder peak) ,  268(vw), 306(vw), 325(vw), 336(vw), and 355(vw) 
nm. However, the fullerenated polymer has new structure in the absorption 
spectrum in which the main bands occur at 215(ms), 265(s), 298(ms), 335(vw), and 
345(ms) nm and extends the active range from about 280 to 870 n m (  For C6o- 
doped PVI~ J), the absorption range extended only from about 280 to 680 nm ). 
The absorption in the visible region is essentially determined by the fuilerene level 
in the copolymer, i.e. increasing the fullerene level should further enhance the 
absorbancy at longer wavelengths. Owing to a " charge-transfer " interaction 
between: (a) C60 on the main chain backbone and adjacent carbazole groups, (b) 
positively charged carbazyl resulting from charge transfer towards C6o, and near- 
neighboring electron-rich groups of the resultant copolymer(see Scheme ll). In 
addition, it is also found that the absorption spectra of the C60-PVK copolymer 
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and C60 have only a sharp peak at 215 nm in common, meanwhile, the other five 
peaks at 260 (s), 376 (ms) , 448 (w), 495 (ms), and 615 (w) nm using redistilled 
paraffin oil as r.s. with respect to pure C6owere not observed in the copolymer. 

Figure I compares the submicro-morphological structure of C6o-PVK 
copolymer containing 3.85% of C6o with that of C60, PVK and C60-doped PVK. 
The morphology, a single structure of an elongated ellipsoidal sediment, of C~o- 
PVK copolymer is very similar to that of coral reef, and differs greatly from that 
of C6o, PVK, or C6o-doped PVK. As shown in Figure ld, although the doping of 
hole transporting, donor PVK with electron acceptor(C6o) results in extended 
spectral sensitivity as well as enhanced photogenerated efficiency t~'3), there a re ,  
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Figure 1. Scanning electron micrographs of (a) C60; (b) PVK; (c) C6o-PVK 
copolymer containing 3.85% of C6o; (d) C6e-doped PVK containing 12.28% of C6o. 
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however, problems associated with this approach. These problems stem from the 
tendency for the dopant molecules ~o aggregate in the solid state ~1), leading to 
difficulty in achieving homogeneous dispersions and ultimately phase separation 
at high loadings. This might be one of the important reasons for resulting in 
difference in the photoconductivity for copolymer and mixtures discussed as 
follows. Chemical modification of the polymer matrix can circumvent these 
problems. 

A qualitative comparison of the photo-induced discharge curves for pure PVK, 
C~o-PVK copolymer and Cot-doped PVK under the same experimental conditions 
is shown in Figure 2. As we expected, addition of C6o moiety, a powerful electron 
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Figure 2 A qualitative comparison of the photo-induced discharge curves for (a) 
pure PVK; (b) 3.85%C~o-doped PVK; (r 12.28%C6o-PVK copolymer; (d) 
3.85%C6o-PVK copolymer under the identical experimental conditions. 

acceptor to PVK by chemical reaction results in the marked enhancement in 
photoconductivity relative to pure PVK and C6o-doped PVK. The photo- 
conductive performance in copulymer is closely related to fullerene level. In our 
previous paper (le), we reported the effect of UV-irradiation(A W-Germany 
Hereavs type high-pressure mercury lamp is used as the light source. ESR spectra 
were recorded on Bruker ER200D-SRC spectrometer, and g-values were 
determined by calibration to DPPH.) on the paramagnetic electronic structure of 
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C6o-PVK copolymer. It was found that the role of rapid photoelectron transfer and 
exchanges between positively charged carbazole groups and adjacent electron- 
rich carbazole groups is in existence under the action of UV-iight. Therefore, A 
"Charge-transfer" interaction between the positively charged carbazyl resulting 
from charge transfer towards C60, and near-neighboring carbazole moieties of the 
resultant copolymer (see Scheme H) may be credited with bringing about the 
enhanced photoconductivity relative to PVK itself via increased photogeneration 
of charge carriers ~u'12). The photo-induced discharge rates of pure PVK, C6o-PVK 
and C6o-doped PVK are found qualitatively in the following order: 3.85%C6o-PVK 
>> 12.28%C6o-PVK > 3.85%C6o-doped PVK > pure PVK under the same 
experimental conditions. This result indicated that chemical modification is very 
useful in enhancing the photoconductivity of polymers. Further studies on the 
photoconductive properties of C6o-chemically modified poly(N-vinylcarbazole) 
and its derivatives are currently being investigated. 
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