1A TIJLE CMARGE TRANSFER COVPLEXES PHOTOCONDUCTI VE COVPGSLTI ONS 5 g5 s
FI ELD"OF THE | NVENTION This invention relates to photocngg ve el enents,
and .to conpositions for use in such photoconductive ele ACKGROUND OF
THE T-NVENTI ON 10 Charge-transfer conpl exes generally are known in the
art. See "Organic Charge-Transfer Conpl exes", R Foster, Academ c Press,

New York, 1969, and A. Weller, "Exciplex", edited by M Gordon; W R ware
Acadeni c Pr wx93/08509 1975. A charge-transfer conpl ex, as 15PCNH6WR"FﬁE¥he
art, is formed by interaction of two or

IITLE .
CHARGE TRANSFER COMPLEXES AND
PHOTOCONDUCTIVE COMPOSITIONS
5 EIELD OF THE INVENTION

This invention relates to photoconductive elements,
and to compositions for use in such photoconductive
elements

' BACKGROUND OF THE INVENTION
10 ' Charge transfer complexes generally are known in
the art. See "Organic Charge-Transfer Complexes®,
R. Foster, Academic Press, New York, 1968, and
A. Weller, “Exciplex", edited by M. Gordon; W. R. Ware,
Academic Press, NY, 1975. A charge-transfer complex, as
1S known in the art, is formed by interaction of two or
more component molecules which are in reversible
equilibrium. No covalent bonding exists between the
components. Charge transfer complexes are bound
together by the partial donation of electrons from at
20 least one component molecule to at least one other
component molecule. .

Photoconductive inorganic materials, such as zinc
oxide and selenium, have been recognized for years as
useful in applications such as electrostatic imaging due

25 to their high photosensitiwvity. The need for better,
less expensive and more flexible photoconductors has
piampted the art to investigate organic materials as
possible photoconductors. '

A variety of organic materials, such as

30 photoconductive polymers, and compositions comprising
low molecular weight organic compounds embedded in

* nonphotoconducting polymers, were found to have
promising properties. A useful review of such materials

is detailed by H. Hoegl, "J. Phys. Chem.", £9, 755-766
35 (1965). 1In spite of the previous studies on organic
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mor e. conponent nol ecul es which are in reversible equilibrium No covalent
bondi ng exi sts between the conponents. Charge transfer cdénpl exes are bound
together by the partial donation of electrons fromat .20 |eas- one
conpenent -nolecule to at | east one other conmponent nol ecul e.

Phot oconductive inorganic materials, such as zinc oxide and sel enium have

been recogni zed f ears as useful in applications such as eﬁgﬁﬁﬁggmangc
I magi ng due 2 eir high photosensitivity. ,The need for better, I|ess
expensive and nor e flexib!e photocondyctors has-<pronpted the art to
or gani ¢t er | o 5. SHRIFEE1Ss Shn G ATSEER VAPt GRFABLE, BAREFARIT SELER ons
conpri si ng have photoconductive properties comparable to inorganic
materials.
Recently, large all-carbon molecules known as
5 <fullerenes have been isolated. See Diederich et al.,
Science, Vol. 252,. 548-551 (April 26, 1991); Shinochara
et al., J. Phys. Chem., Vol. 95, 8449-8451 (1991); Smart
et al,, Chem. Phys. Lett., Vol. 188, No. 3,4, 171-176
{1992); and Kikuchi et al., Chem. Phys. Lett., Vol. 188,
10 No. 3,4, 177-180 (1992). The present invention provides
charge~transfer complexes and photoconductive
compositions containing fullerenes.
SUMMARY OF THE INVENTION
The invention relates to novel charge-transfer
15 complexes comprising fullerenes and electron donating
components, and to photoconductive compositions
containing either fullerenes alone or fullerenes
together with charge transfer complexes. These
compositions are useful in electrostatic imaging. The
20 photoconductive compositions have at least one organic
material selected from photoconductive polymers, low
molecular weight electron donor compounds, or mixtures
thereof, and 0.1 to 50.0 % by weight, based on the total
" weight of the photoconductive composition, of.at least
25 one fullerene compound having from 20 tb 1000 carbons.
In a further embodiment, the photoconductive composition
includes at least one organic material selected from
nonphotoconductive polymers, low molecular weight
electron donor compounds, or mixtures thereof, and 0.1
30, to 50 % by weight, based on the total weight of the
photoconductive composition, of a charge transfer
complex formed of a fullerene compound having -from 20 to
1000 carbons, and an electron donating component.
This invention further ﬁrovides for a charge-
35 transfer complex formed of an electron accepting
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| ow arol.ecukar wei ght organi c conpounds enbedded in nonphotoconducting
_pdlyners were found to ave pron15|ng properties. A useful review of such
terials is detailed by Bﬂmﬂemggys Chem", 69, 755-766 35
%€96%). In spite of the S on organic 2 materials, the
g?ed exists for organic ﬂbhave phot oconducti ve properties
n

‘onpar abl e to i norganic naterlals tly, large all-carb ﬁﬂ%ﬁﬁ“k S
known as 5 W iﬂﬂﬂg%s have been |solated See q ederich et QPF, C|eﬁ§é,
Vol . 252,. 548-551 (April 26, 1991); Shinohara

component that include at least one fullerene compound
having from 20 to 1000 carbons, preferably from 60 to 70
carbons, and an electron donating component. The ratio
_ of electron donating component :fullerene compound can

3 range from 1:3 to 6:1, most preferebly from 1:1 to 3:1.
In charge~transfer complexes that have fullerenes with
sixty caxbons, the electron denating component may be
any organic molecule whose oxidation potential is less
than 1.38 V against Ag/Ag*. In charge transfer

10 complexes that have fullerenes with seventy carbons, the
electron donating component may be any organic molecule
whose oxidation potential is less than 1.29 V against
Ag/Agt. Most preferred electron donating components are
N,N-diethyl—aniline, and polyvinyl carbazole.

1s Having hriefly summa:ized the inveation, the
invention will now be described in detail by reference
to the following specification and non-limiting
examples. Unless otherwise specified, all percentages
are by weight and all temperatures are in degrees

20 Celsius.

ERIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic view of an apparatus for
measurement of the photo-induced discharge of the
photoconductive materials of the invention.

25 Figure 2 is a typical trace from photo-induced
discharge of the photoconductive materials of the
invention.

Figure 3 is a2 trace from photo-induced discharge of -
a fullerence/poly (methylphenylsilane) of the invention
30 denoted as A and poly(meﬁh*lphenylsilane) denoted as B.
Figure 4 is a plot of the field dependence of the
. charge generation efficiency of 2 1 mit thick film of
' fullerene/poly {methylphenylsilane) of the invention.
DETARILED DESCRIPTION OF THE INVENTION

35 Generally, the charge-transfer complexes of this
invention are made by first dissolving individual
electron donating and electron accepting components in



et al-, 'J. Phys. Chem, Vol. 95, 8449-8451 (1991); Smart et al., Chem
Phys. Lett., Vol. 188,. No. 3,4, 171-176 (1992); and Ki kuchi et al., Chem
Phys. Lett., Vol. 188, 10 No. 3,4, 177-180 (1992). The present invention
provides charge-transfer conpl exes and phot oconductive conpositions .
containing fullerenes. SUMVARY OF THE | NVENTI ON The invention relates to
novel charge-t{yyshgiseel® conpl exes conprising fullerenes and 3
donati ng conponents, and to photoconductive conposftions contal ning either
full erenes alone or fullerenes together with charge transfer conpl exes.
These conpositions aresepsedfatle sbleercs ras pabride negjiuvtdonsheadd then mixing

phot oconducti ve COWOS{:}&@%&E}&:&& | 90t riEE1 QL BAN Iche BbitpbidntS TaliChed

from phot oconducti ve p ners

ssolved in a solvent, followed by addition of other
components. The properties of charge-transfer complexes

S can be measured either in solution, or as solids
precipitated from solution by the addition of a poor
solvent. 1In the case of fullerene/N,N-diethylaniline
charge transfer complexes, methanol or ethanol can be
used to precipitate the charge-transfer complexes.

10 Properties of the complexes can be determined by methods
known in the art, such as EFISH (electric field induced
second harmonic generation).

The charge transfer complexes can be prepared as
thin £ilms either by sublimation of the solids.or by

15 slowly evaporating a solution of the complex onto a
.substrate such as glass. Such methods are known in the
art. The charge transfer 6omp1exes can also be doped
into polymers such as polycarbonate, and cast into thin
films by spin-coating as is known in the art. See, for

20 example, U.S. Patent 4,692,636.

In order to form the charge-transfer complex, the
energy of the charge-transfer complex, ECT, as shown in
equation (1), should be .lower than the first excited
state energy of either the electron donor, EP, or the

25 electron acceptor, EA, that is,

ECT <ED or EA {1).

The first excited energy state of the donor or the

30 acceptor can be obtained from the first peak of their
:eépective absorption spectra. The energy of the
charge-transfer complex, ECIs is determined by Equation
(2):

CT = gD ~ g A
35 EST = EJ - E o, + 0.3280.1V (2).
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nmol.ecul ar wei ght el ectron donor conpounds, or mxtures thereof, and 0.1 to
50.0 % by wei ght, based on the total weight of the photoconductive
conposition, of at least 25 one fullerene conpound having from20 to 1000
carbons. In a further enbodi nent, the photoconductive conposition includes
at | east one organic material selected from nonphotoconductive pol yners,

| ow nol ecul ar wei ght el ectron donor conpounds, or m xtures thereof, and 0.1
30 to 50% WOMDRW®, based on the total weight sof the phot

conposition, of a charge transfer conplex forned of a fullerene conpound

haV|ng from20 to 1 o) et r,on ent
i nvention further %O&‘/mgg‘s’gfgr %Q% %:E{’S% ﬁ rg ? corr':iq'?iggl of an
el ectron accept| ng by M. Gordon; W. R. Ware, Academic Press, NY, 19

As set forth in Equation (2), E is the oxidation

potential of the electron donor component and Ezgd the

5 reduction potential of the electron acceptor component.
Both the oxidation and reduction potentials can be
determined experimentally by electrochemical methods.
See, for example, Siegerman, in "Techniques of
Electroorganic Synthesis®, Part II, ed. N. L. Weinberg,

10 dn "Techniques of Chemistry®, Vol. V, John-Wiley & Sons,
New York, 1975.

The charge-transfer complexes provided in
accordance with this invention can be utilized per se as
nonlinear optical elements or can be utilized as

15 photoconductors, visible and infrared sensitizers,
initiators for photopolymerization, reinforcement of
polymers and pigments. .

The formation of a charge-transfer complex in
accordance with this invention is accompanied by the

20 appearance of a new absorption band in either the
ultraviolet, infra-red or visible absorption spectrum of
the charge transferfcomplex. This new absorption band
corresponds to the transition of the components to an
excited state where a more'complete transfer of

25 electrons from the electron donor to the electron
acceptor oéﬁurs. The formation of a charge-transfer
'complex can tﬁerefore be detected by change of the
absorption spectrum of the electron accepting component
when mixed with the electron donating component.

30 The electron donating component of the charge-
transfer complex of the invention is preferably an
organic compound which is electron donating .in
character. Eleétron donating components are well known
in the art."Electron donating components useful in
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3 cqnponent that include at |east one fullerene conpound having from20 to
1000 carbons, preferably from60 to 70 carbons, and an el ectron donati ng
conponent. The ratio of electron donating conponent:fullerene conmpound can
5 range from1l:3 to 6:1, nost preferably from1l:1 to 3:1. In
charge-transfer conpl exes that have fullerenes with sixty carbons, the

potent ral | s WQEIREI "1 35 U hgatnet Agl CAGLerr16 . In char o FCHRAIERSY
conpl exes that have fullerenes with seventy carbons, the el ectron donating
conponent may be any syredRyCchRtf-dranstesecoplidldOwibR!t €1édtHon S | ess
than 1.29 V agai nst accepting compounds are pointed out in A. Weller and
R. Foster referred to above. N,N-diethylaniline is
particularly preferred as an electron donating component
5 for reasons of economics and ease of availability.
However, other suitable electron donating components
include polycyclic aromatics, particularly anthracence
and pyrenes, amines such as N,N~dimethylaniline,
stilbene derivatives such as trans-stilbene,

10 metallocenes such as fe:rocené. and paracyclophanes such
as '{2.2]pa:acyclophane. Representative examples of
electron donating components that may be used to form
the charge-transfer complexes of this invention are
shown. in Foster, Organic Charge-Transfer Complexes, p.

15 69, Ed. Blomguart, (1969).

The choice of electron déxiating component depends
on the oxidation potential of the electron acceptor
component according to the relationships defined in eq.

{1) and (2). For Cgo and C30 fullerene electron acceptor

20 components, the first reduction potentials, E :‘: 4+ have

been determined to be -0.4 V against Ag/i\g+ electrode
(naufle: et al., J. Phys. Chem., Vol. 94, pages B8634-
8636 (1990) and Allemand et al., J. Am. Chem. Soc., Vol
113, pages 1050-1051 (1991)). The first excited state

25 energies of Cgo and Cqp fullerenes of 2.0 eV and 1.91 eV,
respectively, have been determined from their absorption
spectra where the first peaks of those absorption
spectra correspond to the first excited state.
Accordingly, electron donors useful with Cgp and Cig

30 fullerenes show |

E:x- <1.38 V against ag/Ag* for Cgp

Eo‘:‘ <1.29 V against Ag/Ag* for Cig
3s '
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Ag/ Agl err]..Most preferred el ectron donating conponents are

N, N-diret hyl -ani | i ne, and pol yvi nyl carbazole. 15 Having briefly
summarized the invention, the invention will now be described in detail by
reference to the follow ng specification and non-limting exanples. Unless
of herwi se specified, all percentages are by weight and all tenperatures are

I n degrees 20 Celsius. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi qure é i§ a
schemat i c WO®W08%0%n apparatus for neasurenentqof the phot'?FJg
25

di scharge of the photoconductive materials of the invention.

Figure 2 is a typifgd Ja13eCok/ 8M RAG! Bei PONCRIGIY MERSEHE Of the
phot oconductive materials of th®invention.

electrochemically against standard electrodes such as
Ag, saturated calomel, or normal hydrogen. S$iegerman
referred to above discusses technigues for measuring

5 E:; and provides a list of oxidation potentials of
common organic molecules

The fullerene electron acceptor component useful in
the charge-transfer complexes of this invention can be
made by the procedures described by Kratschmer et al.,

10 Nature, pp. 347-354 (1990). Electrochemicazl studies on
fullerenes, e.g., Haufler et al., J. Phys. Chem.,

Vol. 94, pp. B634-8636 (1990) and Allemand et al.,
J. Am. Chem. Soc., Vol. 113, pp. 1050-1051 (1991),
indicate the Cgp and Cyp fullerenes are excellent

15 electron acceptors. -

The fullerenes useful in this invention may have an
extremely broad range of carbon atoms. Usefnl '
fullerenes may have 20-1000 carbon atoms. Preferably,
the fullerene has 60 to 70 carbon atoms. Other examples

20 of fullerenes that may be used to form the charge
complexes of the invention are described in Zhang et al,
J. Phys. Chem. Volume 90, page 525 (1986); Newton et al,
J. Am. Chem. Soc., Volume 106, p. 2469 (1984); Fowler,
Chem. Phys. Lett., Volume 131, page 444-450 (1986),

25 Diederich et al., Science, Volume 252, pages 548-551
{1991). 1I¢ is also permissible to utilize substituted
fullerene, p:cvided'that the substituted fullerene
retains its electron accepting character.

The fullerene-containing photoconductive

30 . compositions provided by the invention may contain a
variety of photoconductive polymers, low molecular
weight electron donor compounds, or mixtures. thereof.
While a wide range of photoconductive poclymers miy be
used, typical photoconductive polymers include:

35 polysilane, polyvinylcarbazole, polystyrene,
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Flgure .3 is a trace from photo-induced discharge of a

ful | erence/ pol y(met hyl phenyl sil ane) of the invention 30 - denoted as A and
pol y( net hyl phenyl sil ane) denoted as B. Figure 4 is a plot of the field
dependence of the charge generation efficiency of a 1 nmferr] thick film of
ful | erene/ pol y(net hyl phenyl sil ane) of the invention. DETAI LED DESCRI PTI ON

OF THE | NVENTI ON 35 Cenerally, the charge-transfer cogﬁéﬁﬁgidﬁm hi s
i nvention af@“ﬂﬁﬂ@“ﬂ? first dissolving individual8electron d ng an
el ectron accepting conponents in 4 separate solvents to provide

solutions, and then rgotiyvdnylxylene, poly-l-vinylnaphthalene, poly-2-
vinylnaphthalene, poly-4-vinylbiphenyl, poly-9-
vinylanthracene, poly-3-vinyl-pyrene, poly-2-
vinylquinoline, polyindene, polyacena-phthylene,

5 poly(3,3'~-dimethyldiphenylene~-4,4*), polyacrylamide,
polymethacrylamide, substituted versions thereof, and
the like. ) |

Typical low molecular weight electron donor type
compounds for use in the fullerene-containing photocon-

10 ductive compositions of the invention include
naphthalene, biphenyl, fluorene, anthracene,.
phenanth:ene, gcenaphihrene, acenaphthylene, chrysene,
pyrene, 1,4~dimethoxybenzene, diphenylamine, 2,2'-
dinaphthylamine, 1,5-diethoxynaphthalene, 2-phenyl~

15 4indole, carbazole, phenocthiazine, 2,4~-bis{4'~diethyl-
aminophenyl}-1, 3, 4-oxidiazole, 2,4~bis(4'~diethyl-
aminophenyl)~-1,3,4~triazole, and the like. Other useful
photoconductive pélymersiand low molecular weight
electron donor compounds are described in E. Hoegl, J.

20 Phys. Chem. £9, 755-766 (1965). .

In accordance with this invention, it has been
found that the photoconductivity of each of polymeric
photoconductors, low molecular weight electron donor
compounds, or mixtures thereof is significantly enhanced

25 by addition of fullerenes in an amount from 0.1 to 50.0
% by weight, based on the total weight of the photo-
conductive composition, preferably 1 % by weight to 20.0
%, based on the total weight of tbhe photoconductive
composition.

30 As noted, the chaxge-t:ansfe: complexas of this
invention are also useful as additives in nonphoto—
conductive polymers to provide surprisingly improved
photoconductive compositions, as well as to improve the
photoconductivity of.nonpﬁotocanductive polymers that

35 opiionally contain low molecular ﬁeight electron donor
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those solutions. Alternatively, one conponent can be dissolved in a
solvent, followed by addition of other conponents. The properties of
charge transfer conplexes 5 can be neasured either in solution, or as
sol'i-ds precipitated fromsolution by the addition of a poor solvent In
the case of fullerene/N, N-diethylaniline charge transfer conpl exes,

nmet hanol or_ethanol can be used to precipitate the charge- tg@g
conpl exes. Yﬂ)ﬁﬁwgﬂ%rties of the conpl exes can ke determ ne o&%
known in the art, such as EFISH (electric field induced second harnonic

[ h h d fil
generation). The c (a)éoqu%ﬁgs%gﬁgh &S [ gsdgsa& gdpggggée gseddiin filns

ei ther by sublimati xﬁgvaporatln a sol ution
of the conpl ex onto +eSEFORr BPROT RAFPUN é? t S&e‘lh erpieved ¥#ithothess

t he nonphotoconductive polymers and charge transfer
complexes include leuco bases of diaryl- and triaryl-

5 methane dyes, 1,1,1~-triarylalkanes wherein the alkane
moiety has at least two carbon atoms, and tetraaryl-
methanes where an amine group is substituted on at least
one of the aryl groups attached to the alkane and
methane moieties, and the like. Preferably, the

10 electron donor compound is selected from the group of
triarylmethane leuco dyes where the aryl groups are
unsubstituted phenyl, or phenyl substituted with
substituents such as alkyl and alkoxy radicals having 1
to 8 carbon atoms, hydroxy, and halogen, and the amino -

15 substituent is a p-dialkylamino group, or ~-NL2 where L
is an alkyl radical having 1 to 8 carbon atoms.
Preferably, an excess of electron denor compounds is
employed where the polymeric binder is not
photoconductive. The nonphotoconductive polymers may

20 include polymethacrylate, poly(methyl methacrylate),
polyaramide, poly(vinyl alcohol), copolymers of methyl
methacrylate and methacrylic acid, copolymers of styrene
and maleic anhydride and half ester-acids of the latter,
polycarbonate, and the like. It is highly preferred that

25 the nonphotoconductive polymer employed is soluble in
sclvents such as toluene and N,N-diethylaniline where
the charge~transfer complexes have the highest
solubility. Accordingly, a preferred nonphotoconductive
polymer is polycarbonate. The charge-transfer complex

30 employed can be present in an amount from 0.1 to 50 % by
weight, based on the total weight of the photoconductive

. composition, preferably 1 to 20 % by weight, based on

the total weight of the photoconductive combosition.
The photoconductive compositions of this invention
35 :cause conductivity to increase in the exposed arez to

T ﬂ’fﬂlﬂm



art. The charge transfer conpl exes can al so be doped into polyners such as. °
pol ycarbonate, and cast into thin filns by spin-coating'as is known in the
art. See, for 20 exanple, U S. Patent 4,692,636. In order to formthe -
char.ge-transfer conplex, the energy of the charge-transfer conplex, ECT, as

shown in equation .(1) should be.lower than the first excited state energy

of either th§,P n donor, ED, or the 25 electron accept%ﬁwitt
is, ECT <ED (1). The first excited energd®state of theé donor or the
30 acceptor can be obt ai ned fromthe first peak of their respective
absorption spectra. &igsfpitie)\sudtatscckirye)partaasipior WnRlley, ik@he i S
determ ned by Equati Qﬂpéggc'l area and to leave a substantially unaffected
charge in the unexposed area. The resulting
electrostatic latent image can be developed by
5 conventional means, for -example, by electrostatic
toners. The developed image can be viewed directly, or
as is known in the art, transferred to a receptor such
as paper or a polymeric substrate by electric fields,
volatile solvents, or transfer technigues such as those
10 disclosed by Schaffert; Electrophotography, (Focal
Press, Londoa, 1973).
Where the photoconductive element is in the form of
a self-gsupporting film or a coating, one side of the
photoconductive element preferably contacts an
15 electrically conductive surface during charging of that
element. Where the photoconductive element is a self-
supporting f£ilm, the film may be metallized on one side
by, for example, aluminum, silver, ‘copper, nickel, and
the like to provide an elegtrically conductive layer for
20 contacting an electrically conductive surface during
charging. Alternatively, an electrically conductive
surface may be provided by laminating the metallized.
films to provide a metal foil. As a further
alternative, the phdtoconductive element can -be brought
25 into direct electrical contact with a conducting surface
to effect charging. Good contact between the film and
the conducting surface can be insured by wetting the
conducting layer with water or a suitable organic
liquid, such as ethanol or acetone. .
30 The electrically conductive surface employed to
charge the photoconductive element can be in the form of
a plate, sheet or layer having a specific registivity
smaller than that of the photoébnductive elément
generally less than 109 ohm-cm, preferably 105 ohm-cm or
35 1less. Accordingly, suitable electrically conductive
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[err]- * 5 Equation 2 is set forth in A Wller, "Exciplex", edited by M
Gordon; W R Ware, Academic Press, NY, 1975. As set forth in Equation (2),
[err] is the oxidation potential of the el ectron donor conponent and [err]
the 5 reduction potential of the electron acceptor conponent. Both the

oxi dation and reduction potentials can be determ ned experinmentally by

el ectrochem cal nethods. See, for exanple, Siegerman, in "T

El ect r oor garVO93(086%¥esi s* | Part 11, ed. N. L. Wamnberg, 10 e]':;%Wﬂ‘?ﬁ%ues

of Chemstry", Vol. V, John-VVIey & Sons,
surfaces include metal sheets, or insulators such as
glass, polymer films, or paper which are coated with
conductive coatings or wetted with conductive liquids or
otherwise are made conductive.

5 The surface of the photoconductive elements that
employ the photoconductive compositions of this
invention can be charged for image retention by well
known techniques such as corona discharge, contact

. charge, capacitive discharge, and the like. Charging
10 preferably is performed in darkness or in subdued
illumination. Either negative or positive potential can
be applied. Negative potential is preferred when
pesitively-charged developers are employed. During
charging, the electrically conductive surface of the
15 photoconductive element should be grounded.

In performing photo-imaging, the photoconductive
compositions of this invention can be carried on a
support or fabricated into a self-supporting
photoconductive layer, grounded, and given a surface

20 electrostatic charge. The charged surface can be given
a conventional exposure to actinic radiation to produce
an electrostatic latent image.

When the photoconductive elements comprising the
photoconductive compositions of this invention are

25 exposed to electromagnetic radiation, the exposed areas
are discharged to leave the unexposed areas more highly
charged. -The resulting electrostatic image can be
converted to a visible image acco:&ing to standard
electrophotographic development techniques. Suitable
30 developers or toners include charged aerosols, powders,
+ -or liquids containing finely divided, charged substances
. which are attracted to the charged image areas. ’
Preferably, latent images are developed by éontact with
a developer formed of a carrier and toner. Suitable
35 carriers include- glass balls, iron powder, plastic

i i



New Yor.k, 1975. The charge-transfer conpl exes provided in accordance with
this invention can be utilized per se as nonlinear optical elenents or can
be utilized as 15 photoconductors, visible and infrared sensitizers,
i.nitkators for photopol ynerization, reinforcenent of polynmers and pignents.
The formation of a charge-transfer conplex in accordance with this

invention is Qﬂ@?ﬁ%ed by the 20 appearance of a neM/absoerﬁqﬂ§§gmykﬁl1
ei ther the uI?ﬁgV|o et, infra-red or visible absod@gti on spectrum of the
charge transfer conplex. This new absorption band corresponds to the

transition of the consaaRSokOlew B4Qiingddsedéctraitendqaias! € Usptuletoners
transfer of 25 el ectrong. 6@ M-b0fn Al ifilen? " mE R0 ed RnbEChEVECE 'Phin size
from 1 to 100 micrometers. Other useful carriers and
toners may be readily determined by those skilled in the
5 art. )

The photoconductive compositions in accordance with
this invention can be fabricated into a variety of
photoconductive elements depending on the requirements
of the photoimaging application. The photoconductive

10 elements that comprise the photoconductive compositions
of the inveantion can be employed in the form of, for
example, self-supporting films, or as coatings on
support materials. Coatings can be formed on a support

. material by conventional methods, for example, spraying,

15 spzn-coating, draw-coating, and the like. -

Without further elaboration, it is believed that
one skilled in the art can, using the preceding
description, utilize the present invention to its
fullest extent. The following preferred specific

20 embodiments are, therefore, to be construed as merely
illustrative, and not limiting of the disclosure in any
way whatsoever. . :

Breparation of Fullexepes

In accordance with the methods set forth in

25 Kratschmer et al.,Nature, pp. 347-354 (1990), Cgo and Cyg
fullerenes :are prepared. 1/8" graphite rods are
evaporated in a Denton DV=502 Evaporator under 150 torr
of helium by passing electrical currents of 120 amperes

) at 20 volts through the rods. The black soot generated

30 is collected and then extracted with toluene in a
Soxhlet tube to obtain fullerenes containing mixtures of
Céo, C70 and small amount of impurities. To separate the
Cso and C7p fullerenes, mixtures of these fullerenes are
disscolved in either hexane, 5% toluene/hexane, or 20%

35 toluene/hexane. The resulting solution is passed
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accept or occurs.

The formation of a charge-transfer conplex can therefore

be detected by change of the absorption spectrumof the electron accepting
conponent when mixed with the el ectron donating conponent. 30 The
el ecfron donating conponent of the charge- transfer conplex of the

i nvention is preferably an organi c conpound which is electron donating.in
character. Electron donating conponents are well known in t

donati ng coﬁﬁbﬁ@“ﬁ@guseful in 6 form ng charge-transfer E§W§#§§@§hﬁf
el ectron-accepting conpounds are pointed out in A Wller and

10

15

20

25

30

35

through a column containing neutral alumina. Cgo
{purple color) comes out of the column first, followed
by C9¢9 (orange brown).

Preparation of Cgn and Czp Charge-Transfer Complexes

Fullerene/N,N-diethylaniline charge~transfer
complexes are formed by dissolving fullerenes into N,N-
diethylaniline. The charge~transfer complexes are
precipitated as solids by adding methanol to the
solution. Formation of the Cgyp and Cy9 charge-transfer
complexes is demonstrated by the appearance of a new,
red-shifted, charge-transfer absorption band in the
visible absorption spectra of Cgp and C7¢9 fullerenes.
The qu/N,N-d%ethylantline charge~-transfer complexes
also display a 828 nm luminescence band at 77K. This
band is different from the parent Cyp luminescence.

Retermination of Equilibrium
Constant for the Cgn Charge-Transfer Complex

In accordance with art known technigues such as
that set forth in X. A. Conno:s."sinding Constants.
The Measurement of Molecular Complex Stability", John
Wiley & Sons, New York, 1987, the equilibrium constant
of Cgo/N,N-diethylaniline charge-transfer complex is
determined by studying the dependence of its absorption
spectra as a function of the concentration of N,N-
diethylaniline. Assuming 1:1 stoichiometry of Cgp
fullerene to N,N-diethylaniline, the equilibrium
constant is determined to be 0.1810.04. The extinction
coefficient of the charge-transfer complex at 600 nm is
determined from the optical density of the absorption
spectra to be 3690 M~icm~l in N,N-diethylaniline.

Determination of Equilibrium
Constant for the C7p Charge-~Transfer Complex

In accordance with art known techniques such as
that set forth in K. RA. Connors, "Binding Constants.
The Measurement of Molecular Complex Stability”, John
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R Faster referred to above. N,N-diethylaniline is particularly preferred
as an el ectron donating conponent 5 for reasons of econqgmcs and ease of
avai lability. However, other suitable electron donating conponents include
pel ycyclic aromatics, particularly anthracence and pyrenes, am nes such as
N, N-di nret hyl aniline, stilbene derivatives such as trans-stil bene, 10

met al | ocenes aﬁm%?rrocene and paracycl ophanes such as  per7Us92/08693
[ 2, 2] par acycl ophane epresent ati ve exanpl es of eliectron donating

conmponents that may be used to formthe charge-transfer conplexes of this
i nvention are shown i mﬂiﬁgtersgﬁ,gmxeba; geedr a&ageéq@r@ﬁxﬂ.scoast&&

ggpeﬁgs Elnotnﬁga(r);l dat %%ghﬁ?)t ént mhﬁﬁlﬁ ‘{hgoﬂ acce %&rcmf&ptis
determined by studying the dependence of the absorption
spectra of the complex as & function of the
S concentration of N,N-diethylaniline. Assuming 1:1
stoichiometry of Cqp fullerene to N,N~-diethylaniline,
the equilibrium constant is determined to be 0.430.06.
The extinction coefficient of the charge-transfer
complex at 468 nm is determined from the optical density

10 of the absorption spectrum to be 1.6x10~¢ M~lcm-1 in
N,N-diethylaniline.

EEISH Studies of the Cgp Charge-Trapsfer Complex
As set forth in L. T. Cheng mentioned above,
electrical-field-induced-second-harmonic (EFISE)

15 generation is performed. This is done with 1.2x10"2 M
Molar Cgo in N,N-diethylaniline solution. The second
order polarizability and the dipole moment product, Py,
is determined to be 9x10~46 esyu.

Bhoto-induced discharge analvsis

20 The photoconductivity of a fiim of photoconductive
composition accbrding to the invention. is measured by
photo-indnced discharge as shown schematically in Figure
1. Generally, photoconductive £ilm 60 (typical
thickness of 0.1 to 20 micron) is cast onto:.a metal

25 electrode 70 {(typically aluminum or tin oxide) by known
methods such as évaporation or spin-coating. The
surface of f£ilm 60 is charged by a corona charger 50.
The presence of charxge on f£ilm 60, as is known in art,
can be detected by electrostatic voltmeter 80. Upon

30 exposure to light to induce photo discharge of film'so,
electrons and holes are believed to be generated in film
60 which migrate to the surface of film 60 to discharge.
The rate and the completeness of the photo-induced

" discharge gauge the photo conductive properties of film

35 €0.
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conponent according to the relationships defined in eq. (1) and (2). For
C60 and CJerr] fullerene electron acceptor 20 conponents, the first
reductlon potentials, [err], have been determined to be -0.4 V agai nst

Ag/ Ag[err] electrode (Haufler et al., J. Phys. Chem, Vol. 94, pages 8634-
8636 (1990) and Allemand et al., J. Am Chem Soc., Vol 113, pages

1050- 1051 (1991)). The first excited state 25 energies of

Cerr] ful f 2.0 eV and 1.91 eV, respeasively, havEE%ééﬁkﬂgﬁgrnined
fromtheir absorption spectra where the first peaks of those absorption

SSetul w th Grerr] and %[ Pk?é%b%#ﬁegfiké‘ée% A [’9*’9?“11%%‘%%5%"2. st

Ag/ Ag+ for Cerr] 1fU b @fgets of charg g
and photo-induced discharging clearly marked.
EXAMPLE 1
5 Preparation and characterization of
: Enllerene containing Polvvinylcarbazole £ilm

One half gram of polyvinylcarbazole is added to
7 ml of toluene. After the polyvinylcarbazole is fully
dissolved, 0.04 gram ¢f a fullerene, containing Cgo and

10 €3¢ in a ratio of about 85 to 15, is added £o the
solution. The resulting solution is spin-coated onto an
aluminum plate with a spin speed varying from 800 to
3000 rpm to provide a 1.85 mit thick photoconductive
film. The film is dried in an oven at 100°C for 3-4

15 Dhours.

Photo~-induced discharge analysis shows that the
£film is photoconductive. The 1.85 mit thick film, formed
as described above, when charged to a surface potential
of nearly 35 volts, is completely discharged in less

20 than 0.5 seconds upon flood exposure to a 50 watt
tungsten lamp at a distance of 5 cm.

For comparison, the photoconductive performance of
polyvinylcarbazcle without fullerene is also measured.
Polyvinylcarbazole, although a photoconductor, has

25 photoconductive properties, as gauged by photo induced
discharge, that are much less than polyvinylcarbazole
with fullerene. Polyvinylcarbazole without fullerene,
vhen evaluated under the photo discharge conditions
described above, required more than 20 seconds to

30 complete versus less than 0.5 seconds with fullerene
This shows the surprising improvement in photoconductive

. properties performance due to use of fullerenes in
photoconductive polymers. '

This Sheet 1
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35 , The.value of E[err] can be routinely measured el ectrochemcally

agai nst standard el ectrodes such as Ag, saturated cal omel, or nornal
hydrogen. Siegerman referred to above discusses technlques for neasuring 5
E[er] and provides a |ist of oxidation potentials of commobn organic

nol ecul es The fullerene el ectron acceptor conponent useful in the

charge-trans co exes of this invention can be made by S
descri bed by%ﬁ’%e et al., 10 Nature, pp. 3/-354 (1998’??#{‘%&?&%3e
El ectrochem cal studies on fullerenes, e.g., Haufler et al., J. Phys.
Chem, EXBMPLE 2
' Preparation and characterization
of Polycarbonate film containing

5. One gram of poly(4,4‘'-isopropylidenephenyl
carbonate) and 0.6 gram of phenyl-bis(4-diethylamino-2-
methyl-phenyl)methane (1G-1) are dissclved in 12 ml of
dichloromethane. This solution is mixed in a 1:1 ratio
with a N,N-diethylaniline solution saturated with

10 fullerenes that contain Cgo and Cyo in a ratio of about
85 to 15. Sufficient (4,43-1sop:opylidenepbeny1
carbonate) and fullerenes are added to this solution
until saturation. The photoconductive £ilm is prepared
by spin-coating the solution onto an aluminum plate with

15 a spin speed of 750 rpm to yield a 1.80 myl thick £ilm.

Photo—induced discharge analyais shows that the
film is photoconductive. The 1.80 mt thick £ilm,
charged to a surface potential of nearly 400 volts is
discharged to 200 volts ip about 18 seconds upon flood

20 exposure by a2 S50 watt tungéten lamp at a distance of
5 cm. This show the surprising improvement in
photoconductive properties due to use of fullerenes in
non photoconductive polymers.

) EXAMPLE 3
25 Preparation and characterization of
RBoly (methviphenvisilane) film containing Fullerenes

0.01 gram of mixed fullerenes (~85! C60s, ~15% Cog)
was dissolved in 6 ml toluene. 0.1 gram of
poly(methylphenylsilane) was added to 3 ml of this

30 solution. The solution was spin-coated onto an aluminum
substrate at 1000 rpm for 80 seconds. The sample was
then dried in a vacuum ovén at 60°C for ome hour. The
resultant film is 1.0S micron thick. 0.15 gram of
poly{methylphenylsilane) was further added to 2.5 ml of

35 the above fullerene/poly(methylphenylsilane)/toluene
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Vol i+ 94, pp. 8634-8636 (1990) and Allemand et al., J. Am Chem Soc., Vol.
113, ‘pp. 1050-1051 (1991), indicate the CJerr] and C[err] fullerenes are
excellent 15 electron acceptors. The fullerenes useful in this invention
may *have an extrenely broad range of carbon atons. Useful fullerenes may
have 20- 1000 carbon atons. Preferably, the fullerene has 60 to 70 carbon

atons. O es 20 of fullerenes that may be used tpchﬂkﬁhkégwcharge
conplexeshﬁﬁ)ﬁﬁggﬁLvention are described in Zhdikg et al, J. Phys. em

Vol ume 90, page 525 (1986); Newton et al, J. Am Chem Soc., Volune 106, p.
2469 (1984); Fow ersoltBesh ))ornl &l hore Aldtthisl8d1uPiEe. 44&1;450:)1&986), 25

a2 e B R PR el =
b was rIoxrmed.

Both films show good photoconductivity as
$ demonstrated by the photo-induced discharge experiments.
As shown in Figure 3, a film charged to a surface
potential of 5 x 10% volts/cm was discharged completely
within 0.5 seconds upon irradiation by a tungsten lamp
(50 milliwatt/cm?). Pure poly(methylphenylsilane) film
10 did not show nay significant phdto—inducedndischarge
under comparable experimental conditions (Fig. 3).
Fig. 4 shows the field dependence of the charge
generation efficiency of the fullerene doped
poly (methylphenylsilane) f£ilm. The f£film was 1 mit thick.
15 . The irradiation source is a xenon lamp at 340 nm with a
photon filux of 1.2 x 1013 photons/(cm?-sec). At a field
strength of ~7 x 105 volts/cm, an efficiency of 0.17 is
achieved.
From the foregoing desgription, one skilled in the
20 art can easily ascertain the essential characteristics
of this invention, and without departing from the spirit
and scope thereof, can make various changes and
modifications of the invention to adapt it to various
uses ané conditions.

7
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ful lerene, provided that the substituted fullerene retains its electron
accepting character. The ful | erene-contai ni ng phot oconductive 30
conposi ticons provi ded by the invention reay-scopt ain a yattety ofss .
photoconducgTve poryners. [ow nplecul ar Weiight &kectTdn dy¥ndr *Cotmpounds,
m xtures t hdr eof AMBENOEDW de ange of phdtocdndlicti vé pdl ynéis rmy be
used, typicgl photgt@#{NASti ve pPIyners i ndBude: 35 pol ysil ane,

pol yvi nyl ca : , pol yvinyrxytene,

pol y-1-vinyl napht hal ene, poly-2- vinyl WHMI iﬂﬁ m“r-4-vi ngRbeeieny| ,
pol y-0- vi nyl anrgogne, petyq S v -HHH ] I

1. A photoconductive composition comprising at

-
. e

5 least one organic material selected from the group of
photoconductive polymers, low molecular weight electron
donor compounds, or mixtures thereof, and _

from about 0.1 to about 50.0 % by weight,
based on the total weight of the photoconductive

10 composition, of at least one fullerene compound having
from about 20 to 1000 carbon atoms.

2. The photoconductive composition of Claim 1
wherein said fullerene compound is present in amount of
from about 1 to about 20 % by weight of said

15 composition.

3. The photoconductive composition of Claim 1
wherein said photoconductive bolymers are selected from
the group consisting of polysilane, polyvinylcarbazole,
‘polystyrene, polyvinylxylene, ﬁoly-l-vinylnaphthaiene,

20 poly~2-vinylnapptha-lene, poly-4-vinylbiphenyl, poly-9-
vinylanthracene, poly-3-vinylpyrene, poly—z-vinyl;
quinoline, polyindene, polyacenaphthylene, poly(3,3'-
dimethyldiphenylene-4,4'), polyacrylamide, and
polymethacrylamide.

25 4. The photoconductive composition of Claim 1
wherein said -electron donating Eomponent has an
oxidation potentjal less than about 1.38 volts measured
against Ag/Ag+r: ’

5. The photoconductive composition of Claim 1

30 wherein the ratio of said electron donating component to
said fullerene is in the ratio of .about 1:3 to 6:1.

6. The photoconductive composition of Claim 1
wherein said fullerene has either sixty or seventy
carbon atoms, said electron donating component is

35 N,N—diethylaniline, and the ratio of said N,N-diethyl-
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vi nyl qui.nol i ne, pol yi ndene, pol yacena-phthyl ene, 5

pol y( 3, 3' - di methyl di phenyl ene-4,.4'), pol yacryl am de, pol ynet hacryl ami de,
substituted versions thereof, and the |gke: Typigcal l|.ow ol egel,ar wei ght

el edtron donor t use i A ‘the ¥ Wl 1'¢s erle-coln ai*sisiigs-phot ocon-
30 ductive comjmmmmmmmumr nventi &n tncl-ude-haphihafenes-"biphenyl ,
fl uorene, anthradbné,.Lphéndﬁtﬁrene, aceggphthrenez acenapht hyl ene,
chrysene, pyrene, 1, 4-di methoxybenzene, diphenyl anm ne, 2,2'-
di napht hyl am ne,, 1, 5-di et hoxynapht hal ene, 2-phenyl- 15 i ndole, carbazole,
phenot hi azi ne 2% ling §P4'sﬁé-id)étfﬁ}ller§ﬁ¢ nbphihyihe range @fi dirapophout
2,4-bis(4'-di etfwylto awinophenyl)-1,3,4-triazole, and the like. Qher useful
phot oconduct i ve pol y.}’r.er sl\ap dotlo%vc\énré?;lc%g%leag:ogclygféion comprising at
least one organic material selected from the group
5 consisting of'nonphotoconductive polymers, low molecular
weight electron donor compounds, or mixtures thereof,
and '
from about 0.1 to 50 % by weight, based on the
total weight of the photoconductive composition, of a

10 charge transfer complex comprising a fullerene and an
electron donating component.

8. The photoconductive composition of Claim 7
wherein said charge transfer complex is present in
amount of from about 1 to about 20% by weight, based on

15 the total weight of the photoconductive composition.

9. The photoconductive composition of Claim 7
wherein said nonphotoconductive polymers are selected
from the group consisting of polymethacrylate,
polyaramide, poly(methyl methacf&late), poly(vinyl

20 alcohol), copolymers of methyl methacrylate and
methacrylic acid, copolymers of styrene and maleic
anhydride, half ester-acids of maleic anhydride and
polycarbonate.

10. The photoconductive composition of Claim 1 or

25 Claim 7 vherein said low molecular weight electron donor
compounds are selected from the group consisting of
.naphthalene, biphenyl, fluorene, anthracene,
phenanthrene, acenaphthrene, acenaphthylene, chrysene,
pyrene, 1,4-dimethoxybenzene, diphenylamine,

30 2,2'-dinaphthylamine, 1,5-diethoxynaphthalene,
2-phenylindole, carbazole, phenothiazine, 2,4-bis(4‘'-
diethylaminophenyl) -1, 3, 4—oxidiazole, and 2,4-bis(4'~
diethylaminophenyl}-1, 3,4-triazole.

11. A photoconductive element comprising the

35 photoconductive composition of Claim 1 or Claim 7.
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el gctron donor corrpounds are described in H Hoegl, J. 20 Phys. Chem 69,
755 766 (1965). ln accerdance with this invention, it has been found that

t he phot oconductivity of eﬁgwf potymeri ¢ phet peond,ue_tprs ow nol ecul ar

.Weinght el ectr mmm or m xtunes' t hereofs i Si.8i gm.f'l.ca.nt |y
enhanced 25 ba erenes i:n an arbimi fPOﬁ]Q 0 50.0 % by

wei ght, based oh the tofal  wei ght of the hot 0- conductive conposition,
preferably 1 % by weight to 20 0 % base& on the total weight of the
phot oconducti ve conpositi on. . As noted, the charge-transfer
conpl exes of this i %ent#oﬁraﬁésﬁlfsﬁf dsegel repraduct iove COPRGHHING o-

conductive pO'HﬁFIf;ﬂ@ é”@ﬁ&fki:é'é&l&@tibggwlb nEhoNgd g oconductive
conposi tions, well“as to inprove
photoconductive ement comprxs;ng the photoconductive
composition of Claim 1 or Claim 7,
5 exposing said charged element to a source of
electromagnetic radiation to form an electrostatic

latent image, and developing said latent image.
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photoconductivity of nonphotoconductive polynmers that 35 optionally contain
| ow mol ecul ar wei ght el ectron donor 9 conpounds such as those descri bed
above. Useful electron donor conpounds that may be enployed with these
nonphot oconducti ve pol ynmers and charge transfer conpl exes include |euco
bases of diaryl- and triaryl- S nethane dyes, 1,1, 1-triaryl al kanes
wherein the al kane noiety has at | east two carbon atons, and tetraaryl -

nmet hanes where an amine group is substituted on at | east one of the aryl
groups attached to the al kane and net hane noieties, and the |ike.
Preferably, the

BSTRACT
CHARGE TRANSFER COMPLEXES AND PHOTOCONDUCTIVE COMPOSITIONS

The disclosed ‘invention relates to novel charge-transfer complexes comprising fullerenes and
" electron donating components, and to photoconductive compositions containing fullerenes. These

compositions are useful in electrostatic imaging.

Fig.1
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10 el-ectron donor conpound is selected fromthe group of triaryl nethane

| euco dyes where the aryl groups are unsubstituted phenyl, or phenyl
substituted with substituents such as al kyl and al koxy radicals having 1 to
8 ‘carbon atons, hydroxy, and hal ogen, and the anmino 15 substituent is a
p-di al kyl am no group, or -NL2 where L is an alkyl radical having 1 to 8
carbon atons. Preferably, an excess of electron donor conpounds is enployed
where the pol Wae93/6850% nder i s not photoconductive. The nonphopOraSs208693c
polymers may 20 include pol ynet hacryl ate, poly(methyl nethacrylate),

pol yarariide, poly(vinyl alcohol), copolyners of nethyl nethacrylate and
nmet hacrylic acid, copolyners of styrene and naﬂqﬁ@znﬂwdride and hal f
ester-acids of the latter, polycarbonate, and the like. It is highly

preferred that
FIG.1
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25,.thre nonphot oconductive pol ynmer enployed is soluble in solvents such as
tol uene and , N-di ethylaniline where the charge-transfer conpl exes have the
hi ghest ~ solublllty Accordi ngly, a preferred nonphotoconductive polyner is
polycarbonate The charge-transfer conplex 30 enployed can be present in an
anount from0.1 to 50 % by wei ght, based on the total weight of the

phot oconductive conposition, preferably 1 to 20 % by wei ght, based on the

t ot al meigh ;m@ﬁﬁgphotoconductive conposition. The photoconductive
conposi tions i nvention 35 cause conductivity to inc 2» e
exposed area to

2/3
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N

CHARGING
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(arbitrory
scale)
0.5-
0 [ 1 ] 1
0 2 4 6 8 10

TIME (second)

This Sheet Has Been R‘T

WA AR




s LY
di ssi‘pate surface charge partially or wholly in the exposed area and to
| eave a substantially unaffected charge in the unexposed area. The
resul:ting electrostatic latent inmage can be devel oped by 5 conventional
means, for exanple, by electrostatic toners. The devel oped i mage can be
viewed di-rectly, or as is known in the art, transferred to a receptor such
as paper or a polyneric substrate by electric fields, volatile solvents, or
transfer teghnj such as those 10 disclosed by Schaffer '
El ectrophotﬁg’r*}g&?,&(mcal Press, London, 1973). Were the m&lm&ive
element is in the formof a self-supporting filmor a coating, one side of

t he phot oconductive el enent preferably cont39[3 an 15 electrically
conductive surface during chargi ng of that

FIG.3
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Totr25-0 mes
el ement. Were the photoconductive elenent is a self- .supporting film the
filmmy be netallized on one side by, for exanple, alum num silver,
copper, nickel, and the like-to provide an electrically conductive Iayer
for 20 contactlng an electrically conductive surface during cha
Alternatively, an electrically conductive surface nmay be igymawiA 2\
| am nating the netallized filnms to provide a al foil. jAS< ,“ s
alternative, the photoconductive el enent can be brought 2b {i gg,@§é
el ectrical contact with a conducting surface to effect charyi 0
contact between the filmand the conducting surface can beg nsured by
wetting the conducting layer with water or ZXT4Ei t abl e organic liquid, such

as et hanol or acetone. 30 chifcE! PBANdFER ComBRERES A
enpl oyed to PHOTOCONDUCTIVE COMPOSITIONS
S EIELD OF THE INVENTION
This invention relates to photoconductive elements,
and to compositions for use in such photoconductive
elements

L. Surfaece

BACKGROUND OF THE INVENTION
10 ' Charge transfer codplexes generally are known in
the art. See "Organic Charge-Transfer Complexes®,
R. Foster, Academic Press, New York, 1965, and
A. Weller, ®"Exciplex", edited by M. Gordon; W. R. Ware,
Academic Press, NY, 1975. A charge-transfer complex, as
15 known in the art, is formed by interaction of two or
more component molecules which are in reversible
equilibrium. No covalent bonding exists between the
components. Charge transfer complexes are bound
together by the partial donation of electrons from at
20 least one component molecule to at least one other
component molecule.

Photoconductive inorganic materials, such as zinc
oxide and selenium, have been_tecognized for years as
useful in applications such as electrostatic imaging due

25 to their high photosensitivity. The need for better,
less expengive and more flexible photoconductors has
prompted the art to investigate organic materials as
possible photoconductors. ' |

A variety of organic materials, such as

30 photoconductive polymers, and compositions comprising
low molecular weight organic compounds embedded in

. nonphotoconducting polymers, were found to have
promising properties. A useful review of such materials
is detailed by K. Hoegl, "J. Phys. Chem.", 68, 755-766
'35 © (1965). 1In spite of the previpus studies on organic
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charge the photoconductive el enent can be in the for
*l ayer having a specific resistivity snmaller than that |BEl e
phot oconductive el ement generally less than 10[err] o cm pref
10[ err] ohmcmor 35 |ess. Accordingly, suitable electrijcal®Difo
surfaces include netal sheets, or insulators such as
or paper which are coated with conductive coatiggs or
conductive liquids or otherwi se are nade conductive. 5

t he photoconductive el enents that enpl oy the_photoconductive conb;'i fons
of this invention c@FaFdadfar HR% ‘T’cﬁn‘;oieﬁféﬁésr gﬁrﬂﬁ'wiﬁy%f’#“s which

have photoconductive properties comparable to inorganic
materials. .
Recently, large all-carbon molecules known as
5 fullerenes have been isclated. See Diederich et al.,
Science, Vol. 252, 548-551 (April 26, 1991); Shinohara
et al., J. Phys. Chem., Vol. 95, 8449-8451 (1991); Smart
et al., Chem. Phys. Lett., Vol. 188, No. 3,4, 171-176
(1992) ; and Kikuchi et al., Chem. Phys. Lett., Vol. 188,
10 No. 3,4, 177-180 (1992). The present invention provides
charge-transfer complexes and photoconductive
compositions containing fullerenes.
SUMMBRY OF THE INVENTION
The invention relates to novel charge-transfer
15 complexes comprising fullerenes and electron donating
components, and to photoconductive compositions
containing either fullerenes alone or fullerenes
together with charge transfer complexes. These
compesitions are useful in electrostatic imaging. The
20 photoconductive compositions have at least one organic
material selected from photoconductive polymers, low
molecular weight electron donor compounds, or mixtures
thereof, and 0.1 to $0.0 % by weight, based on the total
" weight of the photoconductive composition, of. at least
25 one fullerene compound having from 20 to 1000 carbons.
In a further embodiment, the photoconductive composition
includes at least one organic material selected from
nonphotoconductive polymers, low molecular weight
electron donor compounds, or mixtures thereof, and 0.1
30, to 50 % by weight, based on the total weight of the
photoconductive composition, of a charge transfer
complex formed of a fullerene compound having -from 20 to
1000 carbons, and an electron donating component.
This invention further provides for a charge-
35 transfer complex formed of an electron accepting




known techni ques such as corona discharge, contact ch

di scharge, and the like. Charging 10 preferably is peREp hEN’péH@E&'{s
or in subdued illum nation. Either negative or positive @ﬁm;ia+—tan- e

applied. Negative potential is preferred when positivel -c?gaggg velopers
are enpl oyed. During charging, the electrically conducltijve 3 f it he

15 photoconductive el ement should be grounded. In perff ormng
phot o-i magi ng, the photoconductive conposition$ of thijs invention can be
carried on a support or fabricated into a self-supportt
| ayer, grounded, ardmgbueint it factudd atelleastosieifullelrangecompdwadchar ged

surface can be i Vefving OBER1PRA) 1608 BHienls) BEEdHabIEkh! 61" £ 70

produce an el ectrostati
carbons, and an electron donating component. The ratio

~ of electron donating component :fullerene compound can
§ range from 1:3 to 6:1, most preterﬁbly_ftom 1:1 to 3:1.
In charge-transfer complexes that have fullerenes with
sixty carbons, the electron donating component may be
any organic molecule whose oxidation potential is less
than 1.38 V against Ag/Ag*. In charge transfer

10 complexes that have fullerenes with seventy carbons, the
electron donating component may be any organic molecule
whose oxidation potential 4is less than 1.29 V égainst
Ag/ag*. Most preferred electron donating components are
N,N-diethyl~-aniline, and polyvinyl carbazole.

15 Having briefly summarized the invention, the
invention will now be described in detail by reference
to the following specification and non-limiting
examples. Unless otherwise specified, all percentages
are by weight and all temperatures are in degrees

20 Celsius.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic view of an apparatus for
measurement of the photo-induced discharge of the
photocohductive materials of the invention,

25 Figure 2 is a typical trace from photo-induced
discharge of the photoconductive materials of the
"invention.

Figure 3 is a trace from photo—induced discharge of
a fullerence/poly(methylphenylsilane) of the invention
30 denoted as A and poly(methylphenylsilane) denoted as B.
Figure 4 is a plot of the field dependence of the
charge generation efficiency of 2 1 mjt thick film of
fullerene/poly (methylphenylsilane) of the invention.
RETAILED DESCRIPTION OF THE INVENTION

35 Generally, the charge-transfer complexes of this
invention are made by first dissolving individual
electron donating and electron accepting components in



B

When t he phot oconductive el enments conprising the photoc

conpositions of this invention are 25 exposed to electigagéﬁgﬁﬁeNT‘quET
radi ati on, the exposed areas are discharged to | eave thge pnexposed areds
nor e highly charged. The resulting electrostatic inmagelcan{§epeeiPeétad ito
a visible image according to standard el ectrophot ographi{ ci devel opnent
techni ques. Suitable 30 developers or toners incéude charged—aerosors,
powders, or liquids containing finely divided, charged $ubstances which_are

attracted to the Chars%drwaggow&?c% tBr si:sewéysom&%k Iaaae@na{ ixing
devel oped by cont act %kth a devel formed gﬂFa carrier and

Suitable 35 carrier £BPfe| 8atutd bQFF§rn?F bowene CBPBQF??F can be
dissolved in a solvent, followed by addition of other

components. The properties of charge~transfer complexes

§ can be measured either in solution, or as solids
precipitated from solution by the addition of a poor
solvent. In the case of fullerene/N,N-diethylaniline
charge transfer complexes, methanol or ethanol can be
used to precipitate the charge-transfer complexes.

10 Properties of the complexes can be determinéd by methods
known in the art, such as EFISH (electric field induced
second harmonic generation).

The charge transfer complexes can be prepared as
thin films either by sublimation of the solids.or by

15 slowly evaporating a solution of the complex onto a
substrate such as glass. Such methods are known in the
art. The charge transfer domplexes can also be doped
into polymers such as polycarbonate, and cast into thin
films by spin-coating as is known in the art. See, for

20 example, U.S. Patent 4,692,636.

In order to form the charge-transfer complex, the
energy of the charge-transfer complex, ECT, as shown in
equation .(1), should be .lower than the first excited
state energy of either the electron donor, EP, or the

25 electron acceptor, E®, that is, .

-
.

ECT <EP or EA (1).

The first excited energy state of the donor or the

30 acceptor can be obtained from the first peak of their
respective absorption spectra. The energy of the
charge-transfer complex, ECT: is determined by Equation
{2):

35 ECT « ED -« EA 4 0.32+0.1V 2).
ox red



12 balls, or low boiling dielectric |iquids. Useful toRap} mﬁq’\ﬂ'éSHI:ET

O her useful carriers and toners nmay be readily deternmn d
in the 5 art. The photoconductive conpositions in accpr
I nvention can be fabricated into a variety of photoconfu
dependi ng on the requirements of the photoi nagisig appl |cation. The

Ied
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phot oconductive 10 elenents that conprise the phot ocorgdet+ve TOMPOSI 11 0NS

of the invention cggn,ggg s & q&eg Lnebbe fQI R0 Flig{,eﬁ%@p &"f.edit

sel f-supporting fi
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As set forth in Equation (2), é; is the oxidation
potential of the electron donor component and E A the

reduction potential of the electron acceptor component.
Both the oxidation and rednction potentials can be
determined experimentally by electrochemical methods.
See, for example, Siegerman, in "Techniques of
Electroorganic Synthesis®, Part II, ed. N. ). Weinberg,
in "Techniques of Chemistry®, Vol. V, John-Wiley & Sons,
New York, 1975.

The charge-transfer complexes provided in
accordance with this invention can be utilized per se as
nonlinear optical elements or can be utilized as

~ photoconductors, visible and infrared sensitizers,

initiators for photopolymerization, reinforcement of
polymers and pigments. .

The formation of a charge-transfe: complex in
accordance with this invention is accompanied by the
appearance of a new absorption band in either the
ultraviolet, infra-red or visibie absorption spectrum of
the charge transferfcomplex. This new absorption band
corresponds to the t:ansition of thg compdnents to an
excited state where a more'complete transfer of
electrons from the electron donor to the electron
acceptor oééurs. The formation of a charge-transfer

‘complex can therefore be detected by change of the

absorption spectrum of the electron accepting component
when mixed with the electron donating component.

The electron donatihg component of the charge-
transfer complex of the invention is preferably an
organic compound which is electron donating in
character. Electron donating components are well known
in the art. .Electron donating components useful in



material by conventional methods, for exanple, spraying,Fﬁgiﬁggﬁgﬂgggﬁh g

draw- coating, and the like. Wthout further el aboration i
that one skilled in the art can, using the precedi ng desicrj pt.i & §%¢A
the present invention to its fullest extent. The foll ow hg pﬂ Fe
specific 20 enbodinents are, therefore, to be construed} as nerely
illustrative, and not |imting of the disclosure gn any iay what soever. In
accordance with the nmethods set forth in 25 Kratschner EL—ameNaPH+ew*pp‘

347-354 (1990), Cer fktﬁgggc%ﬂfﬁ,f%ﬂﬁﬁgge&ﬁ?ﬁ’p&e §6é{=§r°’graphl te

rods are evaporated in a vapor a rr of helium
by passing el ectri caI‘CGGPFéﬂ?scmsaﬂ'ﬁsrBQ ﬁ?e@@%lit"sat- hWelisr @ r ods.
The bl ack soot gener ®.eBoster referred to above. N,N-diethylaniline is

particularly preferred as an electron donating component

5 for reasons of economics and ease of availability.
However, other suitable electron donating components
include polycyclic aromatics, particularly anthracence
and pyrenes, amines such as N,N-dimethylaniline,
stilbene derivatives such as trans-stilbene,

10 metallocenes such as ferrocene, and paracyclophanes such
as'[2,2]paracyclophane. Representative examples of
electron donating components that may be used to form
the charge~transfer complexes of this invention are
shown. in Foster, Organic Charge~-Transfer Complexes, p.

15 69, Ed. Blomquart, (1969)-

The choice of electron ddﬁgting component depends
on the oxidation potential of the electron acceptor
component according to the relationships defined in eq.

(1) and (2). For Cgp and Cy¢ fullerene electron acceptor

20 components, the f£irst reduction potentials, z:d' have

been determined to be -0.4 'V against Ag/Ag electrode
(Haufler et al., J. Phys. Chem., Vol. 94, pages 8634~
8636 (1990) and Allemand et al.,” J. Am. Chem. Soc., Vol
113, pages 1050-1051 (1991)). The first excited state

25 energies of Cgp and C7o'fullerepes of 2.0 eV and 1.91 eV,
respectively, have been determined from their absorption
spectra where the first peaks of those absorption
spectra correspond to the first excited state.
Accordingly, electron donors useful with Cgo and Cyg

30 fullerenes show

E;; <1.38 V against Ag/Agt for Cgo

E:; <1.29 V 'against Ag/ag* for Cro
3s ' /



30 is collected and then extracted with toluene in a Soxt
obtain fullerenes containing mxtures of CJerr], (err]

impurities. To separate the Cerr] and Cerr] fullerenes, 'xtures of t hd
full erenes are dissolved in either hexane, 5% tol uene/ he , 18rDRO %5
t ol uene/ hexane. The resulting solution is passed 13 t ugh a colum

containing neutral alumna. Clerr] (purple cojor) conmes out—of"The col um

first, followed by Cerr] (orange brown). Preparation of err] _and Clerr]

Char ge- Transfer Guapkgxgs &t ED cafilbd ¥ SRanbllydingbbyteai I 1 ne
charge-transfer

electrochemically against standard electrodes such as
Ag, saturated calomel, or normal hydrogen. Siegerman
referred to above discusses techniques for measuring

5 Eg; and provides a list of oxidation potentials of
common organic molecules

The fullerene electron acceptor component useful in
the charge-transfer complexes of this invention can be
made by the procedures described by Kratschmer et al.,

10 Nature, pp. 347-354 (1990). Electrochemical studies on
fullerenes, e.g., Haufler et al,, J. Phys. Chem.,

Vol. 94, pp. 8634-8636 (1990) and Allemand et al.,
J. Am. Chem. Soc., Vol. 113, pp. 1050-1051 (1991},
indicate the Cgp and Cyp fullerenes are excellent

15 electron acceptors.

The fullerenes useful in this invention may have an
extremely broad range of carbon atoms. Useful
fullerenes may have 20-1000 carbon atoms. rreferably,
the fullerene has 60 to 70 carbon atoms. Other examples

20 of fullerenes that may be used to form the charge
complexes of the invention are described in Zhang et él,
J. Phys. Chem. Volume 80, page 525 (1986); Newton et al,
J. Am. Chem. Soc., Volume 106, p. 2459-(1984); Fowler,
Chem. Phys. Lett., Volume 131, page 444-450 (1986},

25 Diederich et al., Science, Volume 252, pages S48-551
(1991). 1I¥ is also permissible to utilize substituted
fullerene, provided that the substituted fullerene
retains its electron accepting character.

The fullerene-containing photoconductive

30 compositions provided by the invention may contain a
variety of photoconductive polymers, low molecular
weight electron donor compounds, or mixtures. thereof.
While a wide range of photoconductive polymers mhy be
used, typical photoconductive polymers include:

35 polysilane, polyvinylcarbazole, polystyrene,



- Y Kr _F
N H \*ﬁ“-
conpl exes are fornmed by dissolving fullerenes into N,R§§E£$g¥£;+anlrln .
The charge-transfer conplexes are precipitated as sol

ds t Hanol
to the solution. Formation of the CJerr] and CJerr] ¢ argégﬁgﬂﬁ%r

conpl exes is denonstrated by the appearance of a new, jred-shifled.
charge-transfer absorption band in the visible absorption spectra of rr]
and Cerr] fullerenes. The Cerr]/ N, N-di et hyl ani |8 ne -] e

goPPlexes ?Iso dLspIay a 828 nm | um nescence band at 77K. This 15 b?ng S
i rent from i1ibrium
Constant for the O E?"gﬁf?’ﬁﬁ“gﬁ?“*f‘?“gﬁf‘g;ﬁ%?ﬁgﬁzﬁsﬁ%}“ﬁﬁ“mt ’
known t echni ques such S0fsr PRYY
Constants. 20 The Msinylasthracsneybpodyt3rvinyiripyreseabpolyy2- John
vinylquinoline, polyindene, polyacena-phthylene,
5 poly(3,3'-dimethyldiphenylene-4,4'), polyacrylamide,
polymethacrylamide, substituted versions thereof, and
the like. T

Typical low molecular weight electron donor type
compounds for use in the fullerene-containing photocon-

10 ductive compositions of the invention include
ngphthalene, biphenyl, fluorene, anthracene,.
phenanthrene, acenaphthrene, acenaphthylene, chrysene,
pyrene, 1,4-dimethoxybenzene, diphenylamine, 2,2'~
dinaphthylamine, 1,5-diethoxynaphthalene, 2-phenyl-

15 indole, carbazole, phenéthiazine, 2,4-bis(4'~diethyl~-
aminophenyl)-1, 3, 4~oxidiazole, 2,4-bis(4'~diethyl-
aminophenyl)-1, 3, 4-triazole, and the like. Other useful
photoconductive pblyme:s:and low molecular weight
electron donor compounds are described in H. Hoegl, J.

20 Phys. Chem. £9, 755-766 (1965).,

In accordance with this invention, it has been
found that the photoconductivity of each of polymeric
photoconductors, low molecular weight electron donor
compounds, or mixtures thereof is significantly enhanced

25 by addition of fullerenes in an amount from 0.1 to 50.0
% by weight, based on the total weight of the photo-
conductive composition, preferably 1 § by weight to 20.0
%, based on the total weight of the photoconductive
composition. .

30 As noted, the charge—txansfer complexes of this
invention are alsc useful as additives in noaphoto—
conductive polymers to provide surprisingly improved
photoconductive compositions, as well as to improve the
photoconductivity of nonphotoconductive polymers that

35 optionally contain low molecular weight electron donor



Wl ey -& Sons, New York, 1987, the equilibrium constant ofREPLACENHm”‘SHEET'
Clerr]/N, N-di ethylaniline charge-transfer conplex is detdrnined by studyin
t he dependence of its absorption spectra as a function of] tthejgqymemnggat io
of NNN 25 diethylaniline. Assumng 1:1 stoichionetry qf {CJerr] fullergn
to N,N-diethylaniline, the equilibriumconstant is determf rmet-tobe
0.18[err]0.04. The extinction coefficient of the charge-tfransfer conplex a

600 nmis determned fromthe optical density of the absorption 30 Spectta

to be 3690 Merr] C%xgé&]lnééq S leéfx‘é(ééhfﬂéé#‘i?ﬁgomgﬁ%@@t ffeduie G err]

Char ge- Transfer Conp n accordance wth ar echni ques such as
that set forth in KeleCtxemManer coppennis chast BAYsbe semplged\with iR of
Mol ecul ar Conpl ex Shehphitotondbebiive polymers and charge transfer

complexes include leuco bases of diaryl- and triaryl-
$ methane dyes, 1,1,1-triarylalkanes wherein the alkane
molety has at least two carbon atoms, and tetraaryl-
methanes where an amine group is substituted on at least
one of the aryl groups attached to the alkane and
methane moleties, and the like. Preferably, the
10 electron donor compound is.selected from the group of
triarylmethane leuco dyes where the aryl groups are
unsubstituted phenyl, or phenyl substituted with
substituents such as alkyl and alkoxy radicals having 1
to 8 carbon atoms, hydroxy, and halogen, and the amino -
15 substituent is a p-dialkylamino group, or -NL2 where L
is an alkyl radical having 1 to 8 carboh atoms.
Preferably, an excess of electron qdnor compounds is
employed where the polymeric binder is not
photoconductive. The nonphotoconductive polymers may
20 include polymethacrylate, poly(methyl methacrylate),
polyaramide, poly(vinyl alcohol), copolymers of.methyl
methacrylate and methacrylic acid, copolymers of styrene
and maleic anhydride and half ester-acids of the latter,
polycarbonate, and the like. It is highly preferred that
25 the nonphotoconductive polymer employed is soluble in
sclvents such as toluene and N,N-diethylaniline where
the charge-transfer complexes have the highest
solubility. Accordingly, & preferred nonphotoconductive
polymer is polycarbonate. The charge-transfer complex
30 employed can be present in an amount from 0.1 to 50 % by
weight, based on the total weight of the photoconductive
composition, preferably 1 to 20 & by weight, based on
the total weight of the photoconductive coméosition.
The photoconductive compositions of this.invention
35 cause conductivity to increase in the exposed area to




14'VWIey & Sons, New York, 1987, the equilibrium constan
- err]/N Ndiethylaniline charge-transfer conplex is det
t he dependence of the absorption spectra of the conpl ex
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the 5 concentration of N, N-diethylaniline. Assum ng 1:1 stet+ehtometry—ot
Clerr] fullerene to N,N-diethylaniline, the equilibriumgonstant is

determined to be 0.4[err]0.06. The extinction cBefficient of the
charge-transfer conplex at 468 nmis determ ned fromthe optical density 10

of the absorption sqisstipdtet subfade hhiiger parbi£1ly @H aholllynin the
N N-di ethyl ani line,qfHdsgd 2bUfl! e Yo Lidavil &' Ehnddididan 15205k P SUR! X
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charge in the unexposed area. The resulting
electrostatic latent image can be developed by
conventional means, for -example, by electrostatic
toners. The developed image can be viewed directly, or
as is known in the art, transferred to a receptor such
as paper or a polymeric substrate by electric fields,
volatile solvents, or transfer techniques such as those
disclosed by Schaffert; Electrophotography, (Focal

.Press, London, 1973).

Where the photoconductive element is in the form of
a self-supporting film or a coating, one side of the
photoconductive element preferably contacts an
electrically conductive surface during charging of that
elgment. Where the photoconductive element is a self-
supporting £ilm, the film may be metallized on one side
by, for example, aluminum, siiver, ‘copper, nickel, and
the like to provide an electrically conductive layer for
contacting an electrically conductive surface during
charging. Alternatively, an electrically conductive
surface may be provided by laminating the metallized
£ilms to provide a metal foil. As a further
alternative, the photoconductive element can.be brought
into direct electrical contact with a conducting surface
to effect charging. Good contact between the film and
the conducting surface can be insured by wetting the
conducting layer with water or a suitable organic
liquid, such as ethanol or acetone. _

The electrically conductive surface employed to
charge the photoconductive element can be in the form of
a plate, sheet or layer having a specific resistivity
smaller than that of the photoconductive element
generally less than 109 ohm-cm, preferably 105 ohm-cm or
less. Accordingly, suitable electrically conductive



IRE MENT SHEET
As set forth in L. T. Cheng nentioned above, PLACE&HLJ&SHLE}

el ectrical-field-induced-second-harnonic (EFISH 15 gen(ﬂr At If@dﬁ) W
performed. This is done with 1.2x10[err] MMl ar Cerr]ti

N, N-di et hyl ani | i ne sol ution. The second order polarizabili ty-a
nonent product, [err][err], is determned to be 9x10[err} esu.
Phot o-i nduced dlscharge anal ysis 20 The phat ocondulTTVity ottt
of phot oconductive conposition according to the invention is nmeasured by

phot o-i nduced di Sch%gg ?és SHWLARC RiRFRL &l v, ' BrFiﬂﬂﬁfaéorsG"s%‘%halaE%
phot oconductive film typ] cal IL.ckness o m cron cast
onto a netal 25 el @&PFﬁdezgmetﬁlﬁqe&FPy°§|Qﬂﬁ%HP@Jth?ﬁ 3 R nown
nmet hods such as evamnaucbﬁve)rcczqtl:lmgsoarlmgtt%misbréaneu@!fiv‘d |Ligtds sox
charged by a coronathardete Sbre made conductive.

5 The surface of the photoconductive elements that
employ the photoconductive compositions of this
invention can be charged for image retention by well
known techniques such as corona discharge, contact

. charge, capacitive discharge, and the like. Charging
10 preferably is performed in .darkness or in subdued
illumination. Either negative or positive potential can
be applied. Negative potential is preferred when
positively-charged developers are employed. During
charging, the electrically conductive surface of the
15 photoconductive element should be grounded.

In performing photo—~-imaging, the photoconductive
compositions of this invention can be carried on a
suépcrt or fabricated into a self-supporting
photoconductive layer, grounded, and given a surface

20 electrostatic charge. T&e charged surface can be given

' a conventional exposure to actinic radiation to produce

an electrostatic latent image.
' When the photoconductive elements comprising the
photoconductive compositions of this invention are

25 exposed to electromagnetic radiation, thé exposed areas
are discharged to leave the unexposed areas more highly
charged. The resulting electrostatic- image can be
converted to a visible image accor&ing to standard
electrophotographic development techniques, Suitable

30 developers or toners include charged aeroscls, powders,

+ -or liquids containing finely divided, charged substances
vwhich are attracted to the charged image areas.
Preferably, latent images are developed by éontact with
a developer formed of a carrier and toner. Suitable

35 carriers include glass balls, iron powder, plastic




‘ [ 1L s'. ACEMNT SHE ,'-z'r
The presence of charge on film®60, as is known in art, {cgn be detecreu]b
‘el ectrostatic voltnmeter 80. Upon 30 exposure to light jt |qug§Cﬁ@W§o
di scharge of film 60, electrons and holes are believeditq be generated
film®60 which mgrate to the surface of film®60 to disgh
t he conpl et eness of the photo-induced di scharge gauge the photo COﬂdUCtI/e
properties of film35 60. 15 A typical traceldf the photo-Tnduced
di scharge experinent is shown in Figure 2, with onsets of charging and

phot o-i nduced di schapging, @eaidwy boBLARE. dielectric liquids. Useful toners
include resin/pigment mixtures that have a grain size
from 1 to 100 micrometers. Other useful carriers and
toners may be readily determined by those skilled in the
S art.

==

The photoconductive compositions in accordance with
this invention can be fabricated into a variety of
photoconductive elements depending on the requirements
of the photoimaging application. The photoconductive

10 elements that comprise the photoconductive compositions
of the invention can be employed in the form of, for
example, self-supporting films, or as coatings on
support materials. Coatings can be formed on a support

_ material by conventional methods, for example, sprayzng,

15 spin-coating, draw-coating, and the like. ~

Without further elaboration, it is believed that
one skilled in the art can, using the preceding
description, utilize the present invention to its
fullest extent. The following preferred specific

20 embodiments are, therefore, to be construed as merely
illustrative, and not limiting of the disclosure in any
way whatsoever. _ ) :

Ereparxation of Fullerenes

In accordance with the methods set forth in

25 Kratschmer et al.,Nature, pp. 347-354 (1990}, Cgo and Cog
fullerenes :are prepared. 1/8" graphite rods are
evaporated in a Denton DV~502 Evaporator under 150 torr
of helium by passing electriczl currents of 120 amperes
at 20 volts through the rods. The black soot generated

30 is collected and then extracted with toluene in a
Soxhlet tube to obtain fullerenes containing mixtures of
Céo, C70 and small amount of impurities. To separate the
Cso and Cy9 fullerenes, mixtures of these fullerenes are
dissolved in either hexane, 5% toluene/hexane, or 20%

35 toluene/hexane. The resulting solution is passed



5 Preparation and characterization of Fulle

Pol yvi nyl carbazol e film One half gram of polyvinyl carbazolfe is added to}7
nm of toluene. After the polyvinylcarbazole is fully dis$olVROEMINE g a
of a fullerene, containing CJerr] and 10 (err] inar
15, is added do the solution. The resulting solution is}sprn-coated ont
alumnumplate with a spin speed varying from&8® to 30 o _brovide.

tio of about 85¢t

1.85 nferr] thick phot oconductive film The filmis dried in an oven at
100C for 3-4 15 hotfoudiN@l ol i C@htdiindRar seutal WIumisBOWScdhat the

filmis photoconduc}ive.
above, when charged

b, et b o o b Ao, 2B e O

conpl etely di schar eyl Gmo Ketange brown) .

12

10

15

20

25

30

38

Preparation of Cgp and Cqg Charge-Transfer Complexes

Fullerene/N,N-diethylaniline charge-transfer
complexes are formed by dissolving fullerenes into N,N-
diethylaniline. The charge-transfer complexes are
precipitated as solids by adding methanol to the
solution. Formation of the Cgp and Cy9 charge-transfer
complexes is demonstrated by the appearance:of a new,
red-gshifted, charge-transfer absorption band in the
visible absorption spectra of Cgp and C7¢ fullerenes.
The qu/N,N-déethylaniline charge-transfer complexes
also display a 828 nm luminescence band at 77K. This
band is different from the parent Cyp luminescence.

Determination of Equilibrium

LConstant for the Cgo Charge-Transfer Complex

In accordance with art known techhiqnes such as
that set forth in K. A. COnnors."Binding Constants.
The Measurement of Molecular Complex Stability", John
Wiley & Sons, New York, 1987, the equilibrium constant
of Cgo/N,N-diethylaniline charge-transfer complex is
determined by studying the dependence of its absorption
spectra as a function of the concentration of N,N-
diethylaniline. Assuming 1:1 stoichiometry of Cgo
fullerene to N,N-diethylaniline, the equilibrium
constant is determined to be 0.18%0.04. The extinction
coefficient of the charge-transfer complex at 600 nm is
determined from the optical density of the absorption
spectra to be 3690 Mlem™l in N,N-diethylaniline.

Deterpination of Equilibrium
Constant for the Cyg9 Charge-Transfer Complex

In accordance with art known technigues such as
that set forth in K. A. Connors, "Binding Constants.
The Measurement of Mclecular Complex Stability", John



20 than 0.5 seconds upon flood exposure to a 50 watt tyngstT
di stance of 5 cm For conparison, the photoconductive per

pol yvi nyl car bazol e wi thout fullerene is also neasured.
al t hough a phot oconductor, has 25 phot oconductive propey t '
phot o i nduced di scharge, that are nuch |less than polyvin Icarbazole
full erene. Pol yvinyl carbazol e without fullerene, 19%hen ev under the
phot o di scharge conditions descri bed above, required nore than 20 seconds

to 30 conplete ver suf1dyeIs soha) fed $6000B8N,! BnkUbheLENH (GHi Sobeayk t he
surprising inprove O{% Cdaﬁéﬁtﬁtgf%ﬁiadz‘ﬁn@ QREELLSSrdiFeY WBRSFe UG tO USE

of fullerenes in ph
determined by studying the dependence of the absorption

spectra of the complex as a function of the

5 concentration of N,N-diethylaniline. Assuming 1:1
stoichiometry of Cy¢ fullerene to N,N~diethylaniline,
the equilibrium éonstant is determined to be 0.430.06.
The extinction coefficient of the charge-transfer
complex at 468 nm is determined from the optical density

10 of the absorption spectrum to be 1.6x10~4 M~iem~) in
N,N-diethylaniline.

EFISH Studies of the Cggy Charge-Transfer Complex
As set forth in L. T.-Chqu mentioned above,
electrical-field-induced-second-harmonic (EFISH)

15 generation is performed. This is done with 1.2x10"2 M
Molar Cgp in N,N-diethylaniline solution. The secend
order polarizability and the dipole moment product, By,
is determined to be 9x10-46 esu.

Bhoto-induced discharge analvsis

20 The photoconductivity of a £ilm of photoconductive
composition accbrding to the invention. is measured by
photo-induced discharge as shown schemstically in Figure
1. Generally, photoconductive £ilm €0 {typical
thickness of 0.1 to 20 micron) is cast onto:a metal

25 electrode 70 (typically aluminum or tin oxide) by known
methods such as évaporation or spin-coating. The
surface of £ilm 60 is charged by a corona charger 50.
The presence of charge on £ilm 60, as is known in art,
can be detected by electrostatic voltmeter 80. Upon

30 exposure to light to induce photo discharge of film 60,
electrons and holes are believed to be generated in film
€0 which migrate to the surface of film 60 to discharge.
The rate and the completeness of the photo-induced
discharge gauge the photo conductive properties of film

35 60.




16 Preparation and characterization of Polycarbonate fil @ENE%HTSHEEY
Ful | erene/ N, N-di et hyl ani | i ne Charge-tranfer Conplex 5. 0
poly(4, 4" -isopropylidenephenyl carbonate) and 0.6 gram of nee 196
phenyl - bi s(4-di et hyl am no- 2- net hyl - phenyl ) net hane (LG 1) re1qi'Ss61ved iin
12 m of dichloromethane. This solution is nmixed in a 1:1 riati 0. wi.th-—a
N, N-di ethylaniline solution saturated with 10 4fgqill evenesjthat contain
Clerr] and CJerr] in a ratio of about 85 to 15. Sufficient—
(4,4 -isopropylidenephenyl_ carbonate ul lerene, ed to thi
solution until saturati (I}Yt ﬁ'gg ?%)cg#d&&‘t | ego??lfﬁ‘f b‘aggﬁF‘éﬁtgé
experiment is shown in Figure 2, with onsets of charging
and photo-induced discharging clearly marked.

| EXAMPLE 1
5 Preparation and characterization of

(7))

One half gram of polyvinylcarbazole is added to
7 ml of toluene. After the polyvinylcarbazole is fully
dissolved, 0.04 gram of a fullerene, containing Cgp and

10 C79 in a ratio of about 85 to 15, is added €£o the
solution. The resulting solution is spin-coated onto an
aluminum plate with a spin speed varying from 800 to
3000 rpm to provide a 1.85 mit thick photoconductive
film. The film is dried in an oven at 100°C for 3-4

15  hours.

Photo-induced discharge analysis shows that the
£ilm is photoconductive. The 1.85 mil thick f£ilm, formed
as described above, when charged to a surface potential
of nearly 35 voits, is completely discha:ged in less

20 than 0.5 seconds upon flocod exposure to a 50 watt
tungsten lamp at a distance of 5§ cm.

For comparison, the photoconductive performance of
polyvinylcarbazole without fullerene is also measured.
Polyvinylcarbazole, although a photoconductor, has

25 photoconductive properties, as gauged by photo induced
discharge, that are much less than polyvinylcarbazoie
with fullerene. Polyvinylcarbazole without fullerene,
when evaluated under the photo discharge conditions
described above, required more than 20 seconds to

30 complete versus less than 0.5 seconds with fullerene
This shows the surprising improvement in photoconductive
properties performance due to use of fullerenes in
photoconductive polymers. .



by spin-coating the solution onto an alum numplate with 15~—frf7?++ig¥ny~u~
.of 750 rpmto yield a 1.80 nferr] thick film Phot o- i nducedREPEA EME IT SHEET
anal yais shows that the filmis photoconductive. The 1.80infférr] THhITK
film charged to a surface potential of. nearly 400 volts is dLﬁ@b@ﬁgﬁ% to
200 volts in about 18 seconds upon flood 20 exposure by a}50 watt tun éte
lanp at a distance of 5 cm This show the surpriggng inproyekent—-a

phot oconducti ve. properties due.to use of fullerenes in nonjphotoconductive
pol ymers. EXAMPLE 3 25 Preparagggﬂgﬁgﬂ%character|zatlon of

Pol y, (et hyl phenyl silane) fil m contai ning s 0.01 gram of m xed
full erenes (~85% C[err], -15% CPzeparabibon dind sthagdctearbzatiamwl uene. 0.1

gram of of Polycarbonate film containing

=)

5. One gram of poly{4,4‘'-isopropylidenephenyl
carbonate) and 0.6 gram of phenyl-bis(4-diethylamino-2-
methyl—phenyl)methaﬁe (LG-1) are dissolved in 12 ml of
dichloromethane. This solution is mixed in a 1:1 ratio
with a N,N-diethylaniline solution saturated with

10 fullexenes that contain Cgg and Cy¢ in a ratio of about
85 to 15. Sufficient (4,4‘-1sopropylidenephenyl
carbonate) and fullerenes are added to this solution
until saturation. The photoconductive £ilm is prepared
by spin-coating the solution onto an 2luminum plate with

15 a spin speed of 750 rpm to yield a 1.80 mit thick £ilm.

Photo-induced- discharge analygis shows that the
film is photoconductive. The 1.80 myt thick film,
charged to & surface potential of nearly 400 volts is
discharged to 200 wvolts in about 18 seconds upon flood

20 exposure by a 50 watt tungéten-lamp'at a distance of
§ cm. This show the surprising improvement in
photoconductive properties due to use of fullerenes in
non photoconductive polymers.
. EXAMELE 3
25 Preparation and characterization of

Poly(methylphenylsilane) film containing Fullerenes
0.01 gram of mixed fullerenes (~85% Cgp, ~15% C3g)
was dissolved in 6 ml toluene. 0.1 gram of '
poly (methylphenylsilane) was added to 3 ml of this
30 solution. The solution was spin-coated onto an aluminum
substrate at 1000 rpm for 80 seconds. The sample was
then dried in a vacuum‘omeh at 60°C for one hour. The
resultant film is 1.05 micron thick. 0.15 gram of
poly (methylphenylsilane) was further added to 2.5 ml of
35 the above fullerene/poly(methylphenylsilane}/toluene



pol y(nmet hyl phenyl sil ane) was added to 3 ml of this 30. solution. The

sol ution was spin-coated onto an al um num substrate at .21000 rpmfor 80
seconds. The sanple was then dried in a vacuum oven at 60[err]C for one
hour. The resultant filmis 1.05 mcron thick. 0.15 gram of

pol y(met hyl phenyl sil ane) was further added to 2.5 ml of 35 the above

ful | erene/ pol y(nmet hyl phenyl si | ane)/t ol uene 4alution to forma nore

Vi scous solution. After the sane procedures of spin-coating and drying, a 4

mcron filmwas forjed, iBRtéy 445 3_Snege9999cmotssaq%dust.i VhfteAthe
denonstrated by the photo-induced disc aﬁge gﬁpezfggg;sin a 4 micron
same procedures of spin-cCoating an yving,
film was formed.
Both films show good photoconductivity as
S demonstrated by the photo-induced discharge experiments.
As shown in Figure 3, a film charged to a surface
potential of 5 x 105 volts/cm was discharged completely
within 0.5 seconds upon irradiation by a tungsten lamp
(50 milliwatt/cm?). Pure poly(methylphenylsilane) film
10 did not show nay significant phdto—induced-discharge
under comparable experimental conditions (Fig. 3).

Fig. 4 shows the field depeadence'of the charge
generation efficiency of the fullerene doped
.poly{methylphenylsilane) film. The film was 1 myt thick.

15 The irradiation source is a xenon lamp at 340 nm with a
photon flux of 1.2 x 1013 photons/(cm2-sec). At a field
strength of ~7 x 105 volts/cm, an efficiency of 0.17 is
achieved.

From the foregoing déscription. one skilled in the

20 art can ea;ily'ascertain the essential characteristics
of this invention, and‘without departing from thé spirit
and scope thereof, can make §arious changes and
modifications of the invention to adapt it to various
uses and conditions.
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As shown in Figure 3, a filmcharged to a surface potenti
*volts/cmwas di scharged conpletely within 0.5 seconds upo

al of 5 x 10[err]
n irradiation h\l_ a.

tungsten lanmp (50 m H-+watt+enferr])——Pure pol y(net hylp
10 did not shOM/nay ﬂinlflcant hoto i nduced di scharge

experinental conditio ugﬂaunﬂ"ﬂ ["H"Iﬁe?gggsdth:dfield

charge generation effi
pol y( net hyl phenyl si | ane) iim "THe filmwas 1 err] thi

irradiation source is a xenon lanmp at 340 nmw th a photd

1013 photons/ cnferr]-sec). At a field strength of -7 x UlOLers}-vertstem

}ﬁg&ﬁ@ﬁﬁﬁﬂﬂTﬁﬂchﬁ

dcpqﬂg%ﬁclqgg t he

ck. 15 The
n flux of 1.2 x

an efficiency of O.¢Hat t21asNed. 1 om the foregoi ng description, one

skilled in the 20 art can easily ascertain the essenti al

characteristics

1. A photoconductive composition comprising at
$§ least one organic material selected from the group of
photoconductive polymers, low molecular weight electron

donor compounds, or mixtures thereof, and
from about 0.1 to sbout 50.0 &

by weight,

based on the total weight of the photoconductive
10 composition, of at least ohe fullerene compound having

from about 20 to 1000 carbons.

2. The photoconductive composition of Claim 1
wherein said fullerene compound is present in amount of
from about 1 to about 20 % by weight of said

15 composition.

3. The photoconductive composition of Claim 1

wherein said photdcondnctive polymers are
the group consist;ng of polysilane, polyv
polystyrene, polyvinylxylene, poly-l-viny

selected from
inylcgrbazole,
inaphthalene,

20 poly-2-vinylnaphtha-lene, poly—é-vinylbiphenyl, poly-9-
vinylanthracene, poly-3-vinylpyrene, poly-2-vinyl-

quinoline, polyindene, polyacenaphthylene
dimethyldiphenylene-4,4'), polyacrylamide
polymethacrylamide.

¢ POly(3,3'~
 and

25 4. The photoconductive composition of Claim 1
wherein said low molecular weight electron donor
compounds are selected from the group consisting of
naphthalene, biphenyl, fluorene, anthracene,
phenanthrene, acenaphthrene, acenaphthylene, chrysene,

30 pyrene, 1,4-dimethoxybenzene, diphenylamine, 2,2'-

dinaphthylamine, 1,5-diethoxynaphthalene,
indole, carbazole, phenothiazine, 2,4-bis

2-phenyl -
(4'~diethyl~

© aminophenyl)-1,3,4~oxidiazole, and 2,4-bis(4‘~diethyl-

aminophenyl) -1, 3, 4-triazole.

" il \‘if i



.of this invention, and wi thout departing fromthe spirit ancR§pﬂB@E%Hp¢F
t

SHEET

can nmake vari ous changes and nodifications of the invention =¥ o Mk Sl
vari ous uses and cond‘f“ﬁns What is clained is: 1. A phot ?EdUCtI

‘conposition conpri si ““ ne organi ¢ material sel gctjed T t
group of phot ocondu m“ﬁ mm w nol ecul ar wei ght el.eqtrion_donor
conpounds, or m xtur hereot, @nd from about 0.1 to about {50.0 % by

wei ght, based on the total melght of the phot%&onductlve 10 ‘—eorpOS+t-t-0ny

of at |east one fullerene conmpound having
5. A photoconductive composition comprising at

least one organic material selected from the group
consisting of nonphotoconductive polymers, low molecular
weight electron donor compounds, or mixtures thereof,
5 and )

from about 0.1 to 50 & by weight, based on the
total weight of the photoconductive composition, of a
charge transfer complex comprising a fullerene and an
electron donating component.

10 6. The photoconductive composition of Claim 1
wherein said fullerene has at least twenty carbon atoms.

7. The photoconductive composition of Claim 6
wherein said fullerene has at least sixty carbon atoms.
8. The photoconductive composition of Claim 6

15 wherein said electron donating component has an
oxidation potential less than about 1.38 volts measured
against Ag/Agt.

9. The photoconductive composition of CIaim 3
wherein said electron. donating component has an

20 oxidation potential less than about 1.29 volts measured
against Ag/Ag*t.

10. The photoconductive composition of Claim 1
wherein the ratio of said electron donating component to
said fullerene is in the ratio of about 1:3 to 6:1.

25 11. The photoconductive composition of Claim 10
wherein the ratio of said electron donating component to
said fullerene is in the ratio of about 1:1 to 3:1.

12. The photoconductive composition of Claim 1
wherein said fullerene has either sixty or seventy

30 carbon atoms, said electroq donating component is N,N-
diethylaniline, and the ratio of said N,N-diethylaniline
to said fullerene is in the range of from about 1:1 to
3:1.

13. The photoconductive composition of Claim 1

35 wherein said fullerene has 20 to 1000 carbon atoms.

_ \\\\\\\\\\\\\\\\\\\\\\



fromabout 20 to 1000 carbon atonms. 2. The photoconductive
Claim1 wherein said full erene _conpound_is present in anmoun
1 to about 20 % by wei ght of said 15 conposition. 3. The p

i om the group_consi st nd INIIAHUBRAIGS v vy Carbazore

pol yvi nyl xyl ene, poly-1-vinyltnapht hal®&ne, 20 pokg- 2-vi nyl n

(REPLACENENT SHEET

Sl

U

Lotzaisaga"gt b

re sel ected
pol ystyrene,

pol y- 4-vi nyl bi phenyl, poly-9- vinylanthracene, poly-3-vinylpyrene,
pol y-2-vinyl - quinoli ne Qplylﬂ@%ombmaaeamtéadﬁsauaal ¥€3caim 5

di met hyl di phenyl ene- 4 pol yac Ian1 RO thacryl am de.. 25
4. The photoconductrbﬁ %iﬂnﬁﬁﬁii gf%ﬁ%ﬁ‘ com%qu £5"gx &li®4n

10

15

20

25

30

amount of f£rom about 1 to about 20% by welght, based on
the total weight of the photoconductive composition.
15. The photoconductive composition of Claim 14
wherein said nonphotoconductive polymers are selected
from the group cansisting of polymethacrylate,
polyaramide, poly(methyl methacrylate), poly{vinyl
alcohol), copolymers of'methyl methacrylate and
methacrylic acid, copolymers of styrene and maleic

. anhydride, half gs:er-acids of maleic anhydride and

polycarbonate.

16. The photoconductive composition of c1aim 14
wherein said low molecular weight electron donor
compounds are selected from the group consisting of
naphthalene, biphenyl, fluorene, anthracene,
phenanthrene, acenaphthrene, acenaphthylene, chrysene,
pyrene, 1,4-dimethoxybenzene, diphenylamine, 2,2°'-
dinaphthylamihe} 1,5-diethoxynaphthalene, 2-
phenylindole, carbazole, phenothiazine, 2,4-bis{4'-
diethylaminophenyl)-1, 3, 4~oxidiazole, and 2,4~bis(4'-
diethylaminophenyl)-l 3,4~triazole.

7. A photoconductive element comprising the

'phbtoconductive composition of Claim 1 or Claim 5.

18. A process for image reproduction, comprising
applying a rsurface electrostatic charge to a
photoconductive element comprising the photoconductive

composition of any one of Claim 1 to Claim 17,

exposing said charged element toc a source of
electromagnetic radiation to form an electrostatic
latent image, and developing said latent image.

—
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wherein said el ectron donating conponent has an oxi dation potential |ess
-t han about 1.38 vots—reasured-agailnst Ag/ Ag+. 5. The photoconductive

conposition of Caiml 30 wherein the ratio of said el QuepRplenarmgg
conponent to said ]r;:ﬂum m lﬂu ratio of about 1:3 to 6:1. 6. Th
phot oconduct i ve conpd3igi l . " ’mel wherein said fuller

si xty or seventy carbon atons, sai d electrﬁF donating co

e
PhARRRST SHEET

N, N-di ethylaniline, and the ratio of said N-di et hyl - Or-antt-rme-to
said fullerene is in the range of from about ' 19 DEC 199
What is claimed is:

1. A photoconductive composition comprising at
5 least one organic material selected from the group of
photoconductive polymers, low molecular weight electron
donor compounds, or mixtures thereof, and

from about 0.1 to about 50.0 % by weight,
based on ghe total weight of the photoconductive
composition, of at least one fullerene compound having
from about 20 to 1000 carbon atoms.

2. The photoconductive composition of Claim 1

wherein said fullerene compound is present in amount of

from about 1 to about 20 % by weight of said
1S composition.

10

3. The photoconductive composition of Claim 1
vherein said photoconductive polymers are selected from
the group consisting of polysilane, polyvinylcarbazole,
polystyrene, polyvinylxylene, pely—l—vinflnaphthalene,

20 poly-z-vinylnapptha-lene,.poly—4—vinylbipheny1, poly-9-
vinylanthracene, poly-3-vinylpyrene, poly-2-vinyl-
quinoline, polyindene, polyacemaphthylene, poly(3,3'-
dimethyldiphenylene~4,4*'}), polyacrylamide, and
polymethacrylamide. '

25 _ 4. The photoconductive composition of Claim 1
_wherein said electron donating éomponent has an
oxidation potential less than about 1.38 volts measured
against Ag/agt.’ '

5. The photoconductive composition of Claim 1

30 wherein the ratio of said electron donating component to
said fullerene is in the ratio of about 1:3 to 6:1.

6. The photoconductive composition of Claim 1
wherein said fullerene has either sixty or seventy
carbon atoms, said electron donating component is

35 N,N-diethylaniline, and the ratio of said N,N-diethyl-



1:1 to 3:1. 7. A phiReagdiMENTSR
organic material sekegted—ftTOom the gr
nonphot oconducti ve
or m xtures thereof,
total weight of the

osi tion conpris ﬁ

up 5 consisti rm 'l "ﬁﬁ""(ﬂm,
oliy fhgdﬂﬂ%ﬂD ecul ar wei ght el ect r'on *dofy or® conpounds,
and from about}0}1 to 50 %by% based on the
phot.gcerduettve conposi tion, of transfer
conpl ex conprising full erene and an,elecfgon donati ng conponent. 8. The
phot oconductive co sttTOnm~0T C alm 7 wherein said charge transfer conpl ex
is present in anmobunt of fromabout 1 to about 20% by wei ght, based on 15
the total wei giinigiinedqiaist fnddanene denmissithieorange e frrs: 3bBHEUC | ve
conposition of Gdrigg B:1.

7. A photoconductive composition comprising at
least one organic material selected from the group
5 consisting of nonphotoconductive polymers, low molecular

weight electron donor compounds, or mixtures thereof,
and

from about 0.1 to 50 % by weight, based on the
total weight of the photoconductive composition, of a

10 charge transfer complex comprising a fullerene and an
electron donating component.

8. The photoconductive composition of Claim 7
wherein said charge transfer complex is present in
amount of from about 1 to about 20% by weight, based on

15 the total weight of the photoconductive composition.

9. The photoconductive composition of Claim 7
vherein said nonphotoconductive polymers are selected
from the group consisting of polymethacrylate,
polyaramide, poly(methyl methacrylate), poly(vinyl

20 alcohol), copolymers of methyl methacrylate and
methacrylic acid, copolymers of styrene and maleic
anhydride, half ester-acids of maleic anhydride and
polycarbonate. :

10. The photoconductive composition ¢f Claim 1 or

25 Claim 7 wherein said low molecular weight electron donor
compounds are selected from the group consisting of
naphthalene, biphenyl, fluorene, anthracene,
phenanthrene, acenaphthrene, acenaphthylene, chrysene,
pyrene, 1,4-dimethoxybenzene, diphenylamine,

30 2,2'-dinaphthylamine, 1,5-diethoxynaphthalene,
2-phenylindole, carbazole, phenothiazine, 2,4-bis(4'-~
diethylaminophenyl)-1, 3, 4~oxidiazole, and 2,4-bis{(4'~-
diethylaminophenyl)~-1,3,4~triazole.

11. A photoconductive element comprising the

35 photoconductive composition of Claim 1 or Claim 7.



wher ei n sai d nonphot oconductive polyners are sel ected fromthe group
»consi sting of polymet hacrytate;- -pal yaram de, pol y(nethyl nethacrylate),

pol y(vinyl 20 a”m’g”m ol yners of methyl nethacrylate and nmethacrylic
acid, copolyners mm ei ¢ anhydride, half e -aci ds of
mal ei ¢ anhydri de ‘and pmlmg e. 10. The phot@éﬁ“ﬂﬁ?t?’%&i'&%mosi tion of
Claim1 or 25 Claim 7 wherein said | ow nol ecul ar wei ght el ectron donor

conpounds are selected fromthe group c@tsi sting of naphthal ene, biphenyl,

fl uorene, anthracene, phenanthrene, acenapht hrene, acenaphthyl ene,

5 57 i napht hyl api B3- - 1PBEOSERE oL hadl RUILCRECADA, Romprising, ol e,
phenot hi azi neapplyling s§ 4surface electrostatic charge to a _
photoconductive element comprising the photoconductive
composition of Claim 1 or Claim 7,
5 exposing said charged element to a source of
electromagnetic radiation to form an electrostatic

latent image, and developing said latent image.
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di et hyl am nophenyl) -1, 3, 4-oxi di azol e, and 2, 4-bis (4' -
di et hyl am nophenyl )-1, 3,4-triazole. 11. A photoconductive el emrent

conprising the 35 photoconductive conposition of Claiml or Claim?7. 20

12. A process for image reproduction, égprl sing applying a gurtaece

el ectrostatic charge to a phot oconductl el ement conpri sing REPEACEVE T SHEET
phot oconductive conposition of Claiml or daim?7, 5 EXpPosi Ny
said charged elenent to a source of el ectronagneti c radiatign t%é%@?é%
el ectrostatic |atent imge, and devel oping said | atent inagq.

ABSTRACT

CHARGE TRANSFER COMPLEXES AND PHOTOCONDUCTIVE COMPOSITIONS

The disclosed invention relates to novel charge-transfer complexes comprising fullerenes and
electron donating components, and to photoconductive compositions containing fullerenes. These
compositions are useful in electrostatic imaging.

Fig.1
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