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(54) FLUORINATED STRUCUTURED ORGANIC FILM LAYER PHOTORECEPTOR LAYERS

(57) Disclosed herein is an imaging member that in-
cludes a substrate, a charge generating layer, a charge
transport layer; and an outermost layer comprising a
structured organic film (SOF) comprising a fluorinated
molecular building block and a hole molecular building

block, wherein the fluorinated molecular building block
is present in the SOF of the outermost layer in an amount
of from about 1 weight percent to about 20 weight percent
of the SOF.
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Description

BACKGROUND

Field of Use

[0001] The present disclosure relates to protective
overcoats for imaging members. More particularly, there
is provided a structured organic film used an overcoat
for a photoreceptor.

Background

[0002] In electrophotography, electrophotographic im-
aging or electrostatographic imaging, the surface of an
electrophotographic plate, drum, belt or the like (imaging
member or photoreceptor) containing a photoconductive
insulating layer on a conductive layer is first uniformly
electrostatically charged. The imaging member is ex-
posed to a pattern of activating electromagnetic radiation,
such as light. The radiation selectively dissipates the
charge on the illuminated areas of the photoconductive
insulating layer while leaving behind an electrostatic la-
tent image on the non-illuminated areas. This electrostat-
ic latent image may then be developed to form a visible
image by depositing finely divided electroscopic marking
particles on the surface of the photoconductive insulating
layer. The resulting visible image may then be transferred
from the imaging member directly or indirectly (such as
by a transfer or other member) to a print substrate, such
as transparency or paper. The imaging process may be
repeated many times with reusable imaging members.
[0003] Although excellent toner images may be ob-
tained with multilayered belt or drum photoreceptors, it
has been found that as more advanced, higher speed
electrophotographic copiers, duplicators, and printers
are developed, there is a greater demand on print quality.
The delicate balance in charging image and bias poten-
tials, and characteristics of the toner and/or developer,
must be maintained. This places additional constraints
on the quality of photoreceptor manufacturing, and thus
on the manufacturing yield.
[0004] Imaging members are generally exposed to re-
petitive electrophotographic cycling, which subjects the
exposed charged transport layer or alternative top layer
thereof to mechanical abrasion, chemical attack and
heat. This repetitive cycling leads to gradual deterioration
in the mechanical and electrical characteristics of the ex-
posed charge transport layer. Physical and mechanical
damage during prolonged use, especially the formation
of surface scratch defects, is among the chief reasons
for the failure of belt photoreceptors. Therefore, it is de-
sirable to improve the mechanical robustness of photore-
ceptors, and particularly, to increase their scratch resist-
ance, thereby prolonging their service life. Additionally,
it is desirable to increase resistance to light shock so that
image ghosting, background shading, and the like is min-
imized in prints.

[0005] Providing a protective overcoat layer is a con-
ventional means of extending the useful life of photore-
ceptors. Conventionally, for example, a polymeric anti-
scratch and crack overcoat layer has been utilized as a
robust overcoat design for extending the lifespan of pho-
toreceptors. However, the conventional overcoat layer
formulation exhibits ghosting and background shading in
prints. Improving light shock resistance will provide a
more stable imaging member resulting in improved print
quality.
[0006] Despite the various approaches that have been
taken for forming imaging members, there remains a
need for improved imaging member design, to provide
improved imaging performance and longer lifetime, re-
duce human and environmental health risks, and the like.

SUMMARY

[0007] According to an embodiment, there is provided
an imaging member that includes a substrate, a charge
generating layer, a charge transport layer; and an outer-
most layer comprising a structured organic film (SOF)
comprising a fluorinated molecular building block and a
hole molecular building block, wherein the fluorinated
molecular building block is present in the SOF of the out-
ermost layer in an amount of from about 1 weight percent
to about 20 weight percent of the SOF.
[0008] According to another embodiment, there is pro-
vided an electrostatographic apparatus that includes an
imaging member having an outermost layer. The outer-
most layer is a structured organic film (SOF) including a
plurality of fluorinated molecular building blocks and a
plurality of hole molecular building blocks, wherein the
fluorinated molecular building blocks are present in the
SOF in an amount of from about 1 weight percent to about
20 weight percent of the SOF. The electrostatogrpahic
device includes a charging unit to impart an electrostatic
charge on the imaging member, an exposure unit to cre-
ate an electrostatic latent image on the imaging member,
an image material delivery unit to create an image on the
imaging member and a transfer unit to transfer the image
from the imaging member. The electrostographic device
can optionally include a cleaning unit.
[0009] According to another embodiment, there is pro-
vided an imaging member including a substrate, a charge
generating layer, a charge transport layer and an outer-
most layer. The outermost layer is a structured organic
film (SOF) including fluorinated molecular building blocks
and hole molecular building blocks, wherein the fluori-
nated molecular building blocks are present in the SOF
in an amount of from about 1 weight percent to about 10
weight percent of the SOF.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The accompanying drawings, which are incor-
porated in and constitute a part of this specification, il-
lustrate several embodiments of the present teachings
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and together with the description, serve to explain the
principles of the present teachings.

FIG.1 represents a simplified side view of an exem-
plary photoreceptor that incorporates a FSOF of the
present disclosure.
FIG. 2 represents a simplified side view of a second
exemplary photoreceptor that incorporates a FSOF
of the present disclosure.
FIG. 3 represents a simplified side view of a third
exemplary photoreceptor that incorporates a FSOF
of the present disclosure.

[0011] It should be noted that some details of the FIGS.
have been simplified and are drawn to facilitate under-
standing of the embodiments rather than to maintain strict
structural accuracy, detail, and scale.

DESCRIPTION OF THE EMBODIMENTS

[0012] Reference will now be made in detail to embod-
iments of the present teachings, examples of which are
illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers will be used through-
out the drawings to refer to the same or like parts.
[0013] In the following description, reference is made
to the accompanying drawings that form a part thereof,
and in which is shown by way of illustration specific ex-
emplary embodiments in which the present teachings
may be practiced. These embodiments are described in
sufficient detail to enable those skilled in the art to prac-
tice the present teachings and it is to be understood that
other embodiments may be utilized and that changes
may be made without departing from the scope of the
present teachings. The following description is, there-
fore, merely illustrative.
[0014] Illustrations with respect to one or more imple-
mentations, alterations and/or modifications can be
made to the illustrated examples without departing from
the spirit and scope of the appended claims. In addition,
while a particular feature may have been disclosed with
respect to only one of several implementations, such fea-
ture may be combined with one or more other features
of the other implementations as may be desired and ad-
vantageous for any given or particular function. Further-
more, to the extent that the terms "including", "includes",
"having", "has", "with", or variants thereof are used in
either the detailed description and the claims, such terms
are intended to be inclusive in a manner similar to the
term "comprising." The term "at least one of" is used to
mean one or more of the listed items can be selected.
[0015] Notwithstanding that the numerical ranges and
parameters setting forth the broad scope of embodiments
are approximations, the numerical values set forth in the
specific examples are reported as precisely as possible.
Any numerical value, however, inherently contains cer-
tain errors necessarily resulting from the standard devi-
ation found in their respective testing measurements.

Moreover, all ranges disclosed herein are to be under-
stood to encompass any and all sub-ranges subsumed
therein. For example, a range of "less than 10" can in-
clude any and all sub-ranges between (and including)
the minimum value of zero and the maximum value of
10, that is, any and all sub-ranges having a minimum
value of equal to or greater than zero and a maximum
value of equal to or less than 10, e.g., 1 to 5. In certain
cases, the numerical values as stated for the parameter
can take on negative values. In this case, the example
value of range stated as "less than 10" can assume neg-
ative values, e.g. - 1, -2, -3, -10, -20, -30, etc.
[0016] The term "fluorinated SOF" refers, for example,
to a SOF that contains fluorine atoms covalently bonded
to one or more segment types or linker types of the SOF.
The fluorinated SOFs of the present disclosure may fur-
ther comprise fluorinated molecules that are not cova-
lently bound to the framework of the SOF, but are ran-
domly distributed in the fluorinated SOF composition (i.e.,
a composite fluorinated SOF). However, an SOF, which
does not contain fluorine atoms covalently bonded to one
or more segment types or linker types of the SOF, that
merely includes fluorinated molecules that are not cov-
alently bonded to one or more segments or linkers of the
SOF is a composite SOF, not a fluorinated SOF.
[0017] U.S. Patent 8,372,566, incorporated herein by
reference, discloses FSOF films containing fluorinated
segments and electroactive segments. The fluorinated
segments are at least 25 weight percent of the film. It has
been found that lowering the fluorine content in the film
improves wear and increases life of the photoreceptor
and improves overall image quality.
[0018] Disclosed herein is a Fluorinated Structured Or-
ganic Film (FSOF) wherein the fluorine molecular build-
ing block component is from about 1 weight percent to
about 20 weight percent of the FSOF. The films exhibit
extraordinarily low wear rates while still maintaining low
surface energy characteristics and excellent print quality.
The low wear rate enables well over 1 million prints before
wearing through the overcoat layer. Furthermore, the ex-
tremely hard surface shows extreme resistance to
scratching and remains undamaged which enables life
of machine use as well as the option for re-man usage.
[0019] In embodiments, the fluorine molecular building
block component of the FSOF of the present disclosure
may be of from about 1 % to about 20 % by weight, such
as about 1 % to about 10 % by weight, or about 1 % to
about 5 % by weight of the FSOF.
[0020] In embodiments, the fluorine content of the
FSOF of the present disclosure may be of from about 1
% to about 15 % by weight of the FSOF, such as about
1 % to about 10 % by weight, or about 1 % to about 5 %
by weight of the FSOF.
[0021] In embodiments, the FSOF may be made by
the reaction of one or more suitable molecular building
blocks, where at least one of the molecular building block
segments comprises fluorine atoms.
[0022] In embodiments, the imaging members and/or
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photoreceptors of the present disclosure comprise an
outermost layer that comprises a FSOF in which a first
segment having hole transport properties (hole molecu-
lar building block), which may be obtained from the re-
action of a fluorinated molecular building block.
[0023] In embodiments, the outermost layer of the im-
aging members and/or photoreceptors comprises an
FSOF wherein the microscopic arrangement of seg-
ments is patterned. The term "patterning" refers, for ex-
ample, to the sequence in which segments are linked
together. A patterned fluorinated SOF would therefore
embody a composition wherein, for example, segment A
(having hole transport molecule functions) is only con-
nected to segment B (which is a fluorinated molecular
building block), and conversely, segment B is only con-
nected to segment A.
[0024] In principle a patterned FSOF may be achieved
using any number of segment types. The patterning of
segments may be controlled by using molecular building
blocks whose functional group reactivity is intended to
compliment a partner molecular building block and
wherein the likelihood of a molecular building block to
react with itself is minimized. The aforementioned strat-
egy to segment patterning is non-limiting.
[0025] In embodiments, the outermost layer of the im-
aging members and/or photoreceptors comprises pat-
terned FSOFs having different degrees of patterning. For
example, the patterned FSOF may exhibit full patterning,
which may be detected by the complete absence of spec-
troscopic signals from building block functional groups.
In other embodiments, the patterned FSOFs having low-
ered degrees of patterning wherein domains of patterning
exist within the FSOF.
[0026] In embodiments, the fluorine content of the
FSOFs comprised in the outermost layer of the imaging
members and/or photoreceptors of the present disclo-
sure may be distributed throughout the FSOF in a heter-
ogeneous manner, including various patterns, wherein
the concentration or density of the fluorine content is re-
duced in specific areas, such as to form a pattern of al-
ternating bands of high and low concentrations of fluorine
of a given width. Such pattering maybe accomplished by
utilizing a mixture of molecular building blocks sharing
the same general parent molecular building block struc-
ture but differing in the degree of fluorination (i.e., the
number of hydrogen atoms replaced with fluorine) of the
building block.
[0027] A description of various exemplary molecular
building blocks, linkers, SOF types, capping groups,
strategies to synthesize a specific SOF type with exem-
plary chemical structures, building blocks whose sym-
metrical elements are outlined, and classes of exemplary
molecular entities and examples of members of each
class that may serve as molecular building blocks for
SOFs are detailed in U.S. patent application Ser. Nos.
12/716,524; 12/716,449; 12/716,706; 12/716,324;
12/716,686; 12/716,571; 12/815,688; 12/845,053;
12/845,235; 12/854,962; 12/854,957; and 12/845,052

entitled "Structured Organic Films," "Structured Organic
Films Having an Added Functionality," "Mixed Solvent
Process for Preparing Structured Organic Films," "Com-
posite Structured Organic Films," "Process For Preparing
Structured Organic Films (SOFs) Via a Pre-SOF," "Elec-
tronic Devices Comprising Structured Organic Films,"
"Periodic Structured Organic Films," "Capped Structured
Organic Film Compositions," "Imaging Members Com-
prising Capped Structured. Organic Film Compositions,"
"Imaging Members for Ink-Based Digital Printing Com-
prising Structured Organic Films," "Imaging Devices
Comprising Structured Organic Films," and "Imaging
Members Comprising Structured Organic Films," respec-
tively; and U.S. Provisional Application No. 61/157,411,
entitled "Structured Organic Films" filed Mar. 4, 2009, the
disclosures of which are totally incorporated herein by
reference in their entireties.
[0028] In embodiments, fluorinated molecular building
blocks may be obtained from the fluorination of any of
the above "parent" non-fluorinated molecular building
blocks (e.g., molecular building blocks detailed in U.S.
patent application Ser. Nos. 12/716,524; 12/716,449;
12/716,706; 12/716,324; 12/716,686; 12/716,571;
12/815,688; 12/845,053; 12/845,235; 12/854,962;
12/854,957; and 12/845,052, previously incorporated by
reference) by known processes. For example, "parent"
non-fluorinated molecular building blocks may be fluori-
nated via elemental fluorine at elevated temperatures,
such as greater than about 150.degree. C., or by other
known process steps to form a mixture of fluorinated mo-
lecular building blocks having varying degrees of fluori-
nation, which may be optionally purified to obtain an in-
dividual fluorinated molecular building block. Alternative-
ly, fluorinated molecular building blocks may be synthe-
sized and/or obtained by simple purchase of the desired
fluorinated molecular building block. The conversion of
a "parent" non-fluorinated molecular building block into
a fluorinated molecular building block may take place un-
der reaction conditions that utilize a single set or range
of known reaction conditions, and may be a known one
step reaction or known multi-step reaction. Exemplary
reactions may include one or more known reaction mech-
anisms, such as an addition and/or an exchange.

Molecular Building Block

[0029] The FSOFs of the present disclosure comprise
molecular building blocks having a segment (S) and func-
tional groups (Fg). Molecular building blocks require at
least two functional groups (x≥2) and may comprise a
single type or two or more types of functional groups.
Functional groups are the reactive chemical moieties of
molecular building blocks that participate in a chemical
reaction to link together segments during the FSOF form-
ing process. A segment is the portion of the molecular
building block that supports functional groups and com-
prises all atoms that are not associated with functional
groups. Further, the composition of a molecular building
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block segment remains unchanged after SOF formation.
[0030] Molecular building block symmetry relates to
the positioning of functional groups (Fgs) around the pe-
riphery of the molecular building block segments. Without
being bound by chemical or mathematical theory, a sym-
metric molecular building block is one where positioning
of Fgs may be associated with the ends of a rod, vertexes
of a regular geometric shape, or the vertexes of a dis-
torted rod or distorted geometric shape. For example,
the most symmetric option for molecular building blocks
containing four Fgs are those whose Fgs overlay with
the corners of a square or the apexes of a tetrahedron.
[0031] Use of symmetrical building blocks is practiced
in embodiments of the present disclosure for two rea-
sons: (1) the patterning of molecular building blocks may
be better anticipated because the linking of regular
shapes is a better understood process in reticular chem-
istry, and (2) the complete reaction between molecular
building blocks is facilitated because for less symmetric
building blocks errant conformations/orientations may be
adopted which can possibly initiate numerous linking de-
fects within FSOFs.
[0032] The FSOFs in the outermost layer of the imag-
ing members and/or photoreceptors of the present dis-
closure may be made from versions of any of the molec-
ular building blocks, segments, and/or linkers wherein
one or more hydrogen(s) in the molecular building blocks
are replaced with fluorine.
[0033] Non-limiting examples of various classes of ex-
emplary molecular entities, that may serve as molecular
building blocks for SOFs of the present disclosure include
building blocks containing a carbon or silicon atomic core;
building blocks containing alkoxy cores; building blocks
containing a nitrogen or phosphorous atomic core; build-
ing blocks containing aryl cores; building blocks contain-
ing carbonate cores; building blocks containing carbocy-
clic-, carbobicyclic-, or carbotricyclic core; and building
blocks containing an oligothiophene core.
[0034] In embodiments, exemplary fluorinated molec-
ular building blocks may be obtained from the fluorination
building blocks containing a carbon or silicon atomic core;
building blocks containing alkoxy cores; building blocks
containing a nitrogen or phosphorous atomic core; build-
ing blocks containing aryl cores; building blocks contain-
ing carbonate cores; building blocks containing carbocy-
clic-, carbobicyclic-, or carbotricyclic core; and building
blocks containing an oligothiophene core. Such fluorinat-
ed molecular building blocks may be obtained from the
fluorination of a non-fluorinated molecular building block
with elemental fluorine at elevated temperatures, such
as greater than about 150°C., or by other known process
steps, or by simple purchase of the desired fluorinated
molecular building block.

Functional Group

[0035] Functional groups are the reactive chemical
moieties of molecular building blocks that participate in

a chemical reaction to link together segments during the
FSOF forming process. Functional groups may be com-
posed of a single atom, or functional groups may be com-
posed of more than one atom. The atomic compositions
of functional groups are those compositions normally as-
sociated with reactive moieties in chemical compounds.
Non-limiting examples of functional groups include hal-
ogens, alcohols, ethers, ketones, carboxylic acids, es-
ters, carbonates, amines, amides, imines, ureas, alde-
hydes, isocyanates, tosylates, alkenes, alkynes and the
like.
[0036] Molecular building blocks contain a plurality of
chemical moieties, but only a subset of these chemical
moieties are intended to be functional groups during the
FSOF forming process. Whether or not a chemical moiety
is considered a functional group depends on the reaction
conditions selected for the SOF forming process. Func-
tional groups (Fg) denote a chemical moiety that is a
reactive moiety, that is, a functional group during the SOF
forming process.
[0037] In the FSOF forming process, the composition
of a functional group will be altered through the loss of
atoms, the gain of atoms, or both the loss and the gain
of atoms; or, the functional group may be lost altogether.
In the FSOF, atoms previously associated with functional
groups become associated with linker groups, which are
the chemical moieties that join together segments. Func-
tional groups have characteristic chemistries and those
of ordinary skill in the art can generally recognize in the
present molecular building blocks the atom(s) that con-
stitute functional group(s). It should be noted that an atom
or grouping of atoms that are identified as part of the
molecular building block functional group may be pre-
served in the linker group of the FSOF. Linker groups are
described below.
[0038] Capping units of the present disclosure are mol-
ecules that ’interrupt’ the regular network of covalently
bonded building blocks normally present in an FSOF.
Capped FSOF compositions are tunable materials
whose properties can be varied through the type and
amount of capping unit introduced. Capping units may
comprise a single type or two or more types of functional
groups and/or chemical moieties.
[0039] In embodiments, the FSOF comprises a plural-
ity of segments, where all segments have an identical
structure, and a plurality of linkers, which may or may not
have an identical structure, wherein the segments that
are not at the edges of the FSOF are connected by linkers
to at least three other segments and/or capping groups.
In embodiments, the FSOF comprises a plurality of seg-
ments where the plurality of segments comprises at least
a first and a second segment that are different in struc-
ture, and the first segment is connected by linkers to at
least three other segments and/or capping groups when
it is not at the edge of the FSOF.
[0040] In embodiments, the FSOF comprises a plural-
ity of linkers including at least a first and a second linker
that are different in structure, and the plurality of seg-
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ments either comprises at least a first and a second seg-
ment that are different in structure, where the first seg-
ment, when not at the edge of the FSOF, is connected
to at least three other segments and/or capping groups,
wherein at least one of the connections is via the first
linker, and at least one of the connections is via the sec-
ond linker; or comprises segments that all have an iden-
tical structure, and the segments that are not at the edges
of the FSOF are connected by linkers to at least three
other segments and/or capping groups, wherein at least
one of the connections is via the first linker, and at least
one of the connections is via the second linker.
[0041] A segment is the portion of the molecular build-
ing block that supports functional groups and comprises
all atoms that are not associated with functional groups.
Further, the composition of a molecular building block
segment remains unchanged after FSOF formation. In
embodiments, the FSOF may contain a first segment
having a structure the same as or different from a second
segment. In other embodiments, the structures of the first
and/or second segments may be the same as or different
from a third segment, forth segment, fifth segment, etc.
A segment is also the portion of the molecular building
block that can provide an inclined property. Inclined prop-
erties are described later in the embodiments.
[0042] A linker is a chemical moiety that emerges in a
FSOF upon chemical reaction between functional groups
present on the molecular building blocks and/or capping
unit.
[0043] A linker may comprise a covalent bond, a single
atom, or a group of covalently bonded atoms. The former
is defined as a covalent bond linker and may be, for ex-
ample, a single covalent bond or a double covalent bond
and emerges when functional groups on all partnered
building blocks are lost entirely. The latter linker type is
defined as a chemical moiety linker and may comprise
one or more atoms bonded together by single covalent
bonds, double covalent bonds, or combinations of the
two. Atoms contained in linking groups originate from at-
oms present in functional groups on molecular building
blocks prior to the SOF forming process. Chemical moi-
ety linkers may be well-known chemical groups such as,
for example, esters, ketones, amides, imines, ethers,
urethanes, carbonates, and the like, or derivatives there-
of.
[0044] For example, when two hydroxyl (--OH) func-
tional groups are used to connect segments in a FSOF
via an oxygen atom, the linker would be the oxygen atom,
which may also be described as an ether linker. In em-
bodiments, the SOF may contain a first linker having a
structure the same as or different from a second linker.
In other embodiments, the structures of the first and/or
second linkers may be the same as or different from a
third linker, etc.
[0045] Use of symmetrical building blocks is practiced
in embodiments of the present disclosure for two rea-
sons: (1) the patterning of molecular building blocks is
better anticipated because the linking of regular shapes

is a better understood process in reticular chemistry, and
(2) the complete reaction between molecular building
blocks is facilitated because for less symmetric building
blocks errant conformations/orientations may be adopt-
ed which can possibly initiate numerous linking defects
within FSOFs.
[0046] In embodiments, the outermost layer of the im-
aging members and/or photoreceptors comprises pat-
terned FSOFs having different degrees of patterning. For
example, the patterned FSOF may exhibit full patterning,
which may be detected by the complete absence of spec-
troscopic signals from building block functional groups.
In other embodiments, the patterned FSOFs having low-
ered degrees of patterning wherein domains of patterning
exist within the FSOF.
[0047] The fluorinated molecular building blocks may
include, for example, α, ω-fluoroalkyldiols of the general
structure:

where n is an integer having a value of 1 or more, such
as from 1 to about 100, or 1 to about 60, or about 2 to
about 30, or about 4 to about 10; or fluorinated alcohols
of the general structure HOCH2(CF2)nCH2OH and their
corresponding dicarboxylic acids and aldehydes, where
n is an integer having a value of 1 or more, such as from
1 to about 100, or 1 to about 60, or about 2 to about 30,
or about 4 to about 10; tetrafluorohydroquinone; perfluor-
oadipic acid hydrate, 4,4’-(hexafluoroisopropyli-
dene)diphthalic anhydride; 4,4’-(hexafluoroisopropyli-
dene)diphenol, and the like.
[0048] Examples of the fluorinated building blocks in-
clude fluorinated diols selected from the group consisting
of: 1,1,8,8-dodecafluoro-1,8-octanediol, 2,2,3,3,4,4,5,5-
octafluoro-1,6-hexanediol, 2,2,3,3,4,4,5,5,6,6,7,7-do-
decanfluoro-1,8-octanediol,
2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9-perfluorodecane-1,10-di-
ol, (2,3,5,6-tetrafluoro-4-hydroxymethyl-phenyl)-metha-
nol, 2,2,3,3-tetrafluoro-1,4-butanediol, 2,2,3,3,4,4-hex-
afluoro-1,5-pentanedial, and 2,2,3,3,4,4,5,5,6,6,7,7,8,8-
tetradecafluoro-1,9-nonanediol.
[0049] The term electroactive refers, for example, to
the property to transport electrical charge (electrons
and/or holes). Examples of hole transport building blocks
having electroactive properties, include N,N,N’,N’-tet-
rakis-[(4-hydroxymethyl)phenyl]-biphenyl-4,4’-diamin-
e, having a hydroxyl functional group (--OH) and upon
reaction results in a segment of N,N,N’,N’-tetra-(p-
tolyl)biphenyl-4,4’-diamine; and/or N,N’-diphenyl-N,N’-
bis-(3-hydroxyphenyl)-biphenyl-4,4’-diamine, having a
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hydroxyl functional group (--OH) and upon reaction re-
sults in a segment of N,N,N’,N’-tetraphenyl-biphenyl-
4,4’-diamine.
[0050] Hole transport building blocks having added
functionality may be obtained by selecting segment cores
such as, for example, triarylamines, hydrazones (U.S.
Pat. No. 7,202,002 B2 to Tokarski et al.), and enamines
(U.S. Pat. No. 7,416,824 B2 to Kondoh et al.) with the
following general structures:

[0051] The segment core comprising a triarylamine be-
ing represented by the following general formula:

wherein Ar1, Ar2, Ar3, Ar4 and Ar5 each independently
represents a substituted or unsubstituted aryl group, or
Ar5 independently represents a substituted or unsubsti-
tuted arylene group, and k represents 0 or 1. Ar5 may be

further defined as, for example, a substituted phenyl ring,
substituted/unsubstituted phenylene, substituted/unsub-
stituted monovalently linked aromatic rings such as bi-
phenyl, terphenyl, and the like, or substituted/unsubsti-
tuted fused aromatic rings such as naphthyl, anthranyl,
phenanthryl, and the like.
[0052] Segment cores comprising arylamines with
hole transport added functionality include, for example,
aryl amines such as triphenylamine, N,N,N’,N’-tetraphe-
nyl-(1,1’-biphenyl)-4,4’-diamine, N,N-diphenyl-N,N’-
bis(3-methylphenyl)-(1,1’-biphenyl)-4,4’-diamine, N,N’-
bis(4-butylphenyl)-N,N’-diphenyl-[p-terphenyl]-4,4"-di-
amine; hydrazones such as N-phenyl-N-methyl-3-(9-
ethyl)carbazyl hydrazone and 4-diethyl amino benzalde-
hyde-1,2-diphenyl hydrazone; and oxadiazoles such as
2,5-bis(4-N,N’-diethylaminophenyl)-1,2,4-oxadiazole,
stilbenes, and the like.
[0053] The segment core comprising a hydrazone be-
ing represented by the following general formula:

wherein Ar1, Ar2, and Ar3 each independently represents
an aryl group optionally containing one or more substit-
uents, and R represents a hydrogen atom, an aryl group,
or an alkyl group optionally containing a substituent;
wherein at least two of Ar1, Ar2, and Ar3 comprises a Fg
(previously defined); and a related oxadiazole being rep-
resented by the following general formula:

wherein Ar and Ar1 each independently represent an aryl
group that comprises a Fg (previously defined).
[0054] The segment core comprising an enamine be-
ing represented by the following general formula:
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wherein Ar1, Ar2, Ar3, and Ar4 each independently rep-
resents an aryl group that optionally contains one or more
substituents or a heterocyclic group that optionally con-
tains one or more substituents, and R represents a hy-
drogen atom, an aryl group, or an alkyl group optionally
containing a substituent; wherein at least two of Ar1, Ar2,
Ar3, and Ar4 comprises a Fg (previously defined).
[0055] Examples of the hole molecular building block
include N4,N4,N4’,N4’-tetrakis(4-(methoxymethyl)phe-
nyl)biphenyl-4,4’-diamine N,N,N’,N’-tetra-(p-tolyl)biphe-
nyl-4,4’-diamine: and N4,N4’-bis(3,4-dimethylphe-
nyl)-N4,N4’-di-p-tolyl-[1,1’-biphenyl]-4,4’-diamine.
[0056] FSOFs having a rough, textured, or porous sur-
face on the sub-micron to micron scale may also be hy-
drophobic. The rough, textured, or porous FSOF surface
can result from dangling functional groups present on the
film surface or from the structure of the FSOF. The type
of pattern and degree of patterning depends on the ge-
ometry of the molecular building blocks and the linking
chemistry efficiency. The feature size that leads to sur-
face roughness or texture is from about 100 nm to about
10 mm, such as from about 500 nm to about 5 mm.
[0057] The process described herein utilizes solvents,
and/or solvent mixtures. Solvents are used to dissolve
or suspend the molecular building blocks and cata-
lyst/modifiers in the reaction mixture. Solvent selection
is generally based on balancing the solubility/dispersion
of the molecular building blocks and a particular building
block loading, the viscosity of the reaction mixture, and
the boiling point of the liquid, which impacts the promotion
of the wet layer to the dry SOF.
[0058] Solvents can include molecule classes such as
alkanes (hexane, heptane, octane, nonane, decane, cy-
clohexane, cycloheptane, cyclooctane, decalin); mixed
alkanes (hexanes, heptanes); branched alkanes (isooc-
tane); aromatic compounds (toluene, o-, m-, p-xylene,
mesitylene, nitrobenzene, benzonitrile, butylbenzene,
aniline); ethers (benzyl ethyl ether, butyl ether, isoamyl
ether, propyl ether); cyclic ethers (tetrahydrofuran, diox-
ane), esters (ethyl acetate, butyl acetate, butyl butyrate,
ethoxyethyl acetate, ethyl propionate, phenyl acetate,
methyl benzoate); ketones (acetone, methyl ethyl ke-
tone, methyl isobutylketone, diethyl ketone, chloroace-
tone, 2-heptanone), cyclic ketones (cyclopentanone, cy-
clohexanone), amines (1°, 2°, or 3° amines such as
butylamine, diisopropylamine, triethylamine, diiso-
proylethylamine; pyridine); amides (dimethylformamide,
N-methylpyrrolidinone, N,N-dimethylformamide); alco-
hols (methanol, ethanol, n-, i-propanol, n-, t-butanol, 1-
methoxy-2-propanol, hexanol, cyclohexanol, 3-pentanol,
benzyl alcohol); nitriles (acetonitrile, benzonitrile, buty-
ronitrile), halogenated aromatics (chlorobenzene, dichlo-
robenzene, hexafluorobenzene), halogenated alkanes
(dichloromethane, chloroform, dichloroethylene, tetra-
chloroethane); and water.
[0059] Catalyst are utilized in the reaction mixture to
assist the promotion of the wet layer to the dry FSOF.
Selection and use of the optional catalyst depends on

the functional groups on the molecular building blocks.
Catalysts may be homogeneous (dissolved) or hetero-
geneous (undissolved or partially dissolved) and include
Bronsted acids (HCl (aq), acetic acid, p-toluenesulfonic
acid, amine-protected p-toluenesulfonic acid such as
pyrridium p-toluenesulfonate, trifluoroacetic acid); Lewis
acids (boron trifluoroetherate, aluminum trichloride);
Bronsted bases (metal hydroxides such as sodium hy-
droxide, lithium hydroxide, potassium hydroxide; 1°, 2°,
or 3° amines such as butylamine, diisopropylamine, tri-
ethylamine, diisoproylethylamine); Lewis bases (N,N-
dimethyl-4-aminopyridine); metals (Cu bronze); metal
salts (FeCl3, AuCl3); and metal complexes (ligated pal-
ladium complexes, ligated ruthenium catalysts). Typical
catalyst loading ranges from about 0.01% to about 25%,
such as from about 0.1% to about 5% of the molecular
building block loading in the reaction mixture. The cata-
lyst may or may not be present in the final SOF compo-
sition.
[0060] Optionally additives or secondary components,
such as dopants, antioxidants and leveling agents may
be present in the reaction mixture and wet layer. Such
additives or secondary components may also be inte-
grated into a dry SOF. Additives or secondary compo-
nents can be homogeneous or heterogeneous in the re-
action mixture and wet layer or in a dry SOF. Typical
leveling agents include hydroxyl-functionalized silicone
modified polyacrylates available as SILCLEAN® 3700
(BYK, Wallingford, Conn.).

Process for Preparing a Fluorinated Structured Organic 
Film (FSOF)

[0061] The process for making FSOFs of the present
disclosure typically comprises a number of activities or
steps (set forth below) that may be performed in any suit-
able sequence or where two or more activities are per-
formed simultaneously or in close proximity in time:

The process for preparing a FSOF includes:

(a) preparing a liquid-containing reaction mix-
ture comprising a plurality of molecular building
blocks, each comprising a segment (where at
least one segment may comprise fluorine and
at least one of the resulting segments is elec-
troactive, such as an HTM) and a number of
functional groups, and optionally a pre-FSOF;
(b) depositing the reaction mixture as a wet film;
(c) promoting a change of the wet film including
the molecular building blocks to a dry film com-
prising the FSOF comprising a plurality of the
segments and a plurality of linkers arranged as
a covalent organic framework, wherein at a mac-
roscopic level the covalent organic framework
is a film;
(d) optionally removing the FSOF from the sub-
strate to obtain a free-standing FSOF;

13 14 



EP 3 264 183 A1

9

5

10

15

20

25

30

35

40

45

50

55

(e) optionally processing the free-standing
FSOF into a roll;
(f) optionally cutting and seaming the FSOF into
a belt; and (g) optionally performing the above
SOF formation process(es) upon an SOF (which
was prepared by the above SOF formation proc-
ess(es)) as a substrate for subsequent SOF for-
mation process(es).

[0062] The process for making capped FSOFs and/or
composite FSOFs typically comprises a similar number
of activities or steps (set forth above) that are used to
make a non-capped FSOF. The capping unit and/or sec-
ondary component may be added during either step a, b
or c, depending the desired distribution of the capping
unit in the resulting FSOF. For example, if it is desired
that the capping unit and/or secondary component dis-
tribution is substantially uniform over the resulting FSOF,
the capping unit may be added during step a. Alterna-
tively, if, for example, a more heterogeneous distribution
of the capping unit and/or secondary component is de-
sired, adding the capping unit and/or secondary compo-
nent (such as by spraying it on the film formed during
step b or during the promotion step of step c) may occur
during steps b and c.
[0063] Representative structures of an electrophoto-
graphic imaging member (e.g., a photoreceptor) are
shown in FIGS. 1-3. These imaging members are pro-
vided with an anti-curl layer 1, a supporting substrate 2,
an electrically conductive ground plane 3, a charge block-
ing layer 4, an adhesive layer 5, a charge generating
layer 6, a charge transport layer 7, an overcoating layer
8, and a ground strip 9. In FIG. 3, imaging layer 10 (con-
taining both charge generating material and charge
transport material) takes the place of separate charge
generating layer 6 and charge transport layer 7.
[0064] As seen in the figures, in fabricating a photore-
ceptor, a charge generating material (CGM) and a charge
transport material (CTM) may be deposited onto the sub-
strate surface either in a laminate type configuration
where the CGM and CTM are in different layers (e.g.,
FIGS. 1 and 2) or in a single layer configuration where
the CGM and CTM are in the same layer (e.g., FIG. 3).
In embodiments, the photoreceptors may be prepared
by applying over the electrically conductive layer the
charge generation layer 6 and, optionally, a charge trans-
port layer 7. In embodiments, the charge generation layer
and, when present, the charge transport layer, may be
applied in either order.

Photoconductor Layer Examples

Anti Curl Layer

[0065] With reference to FIGS. 1, 2 and 3, an optional
anti-curl layer 1, which comprises film-forming organic or
inorganic polymers that are electrically insulating or
slightly semiconductive, may be provided. The anti-curl

layer provides flatness and/or abrasion resistance. The
anti-curl layer is typically used in photoconductor belts.
[0066] Anti-curl layer 1 may be formed at the back side
of the substrate 2, opposite the imaging layers. The anti-
curl layer 1 may include, in addition to the film-forming
resin, an adhesion promoter polyester additive. Exam-
ples of film-forming resins useful as the anti-curl layer
include, but are not limited to, polyacrylate, polystyrene,
poly(4,4’-isopropylidene diphenylcarbonate), poly(4,4’-
cyclohexylidene diphenylcarbonate), mixtures thereof
and the like.
[0067] The thickness of the anti-curl layer 1 is typically
from about 3 micrometers to about 35 micrometers, such
as from about 10 micrometers to about 20 micrometers,
or about 14 micrometers.

The Supporting Substrate

[0068] As indicated above, the photoreceptors are pre-
pared by first providing a substrate 2, i.e., a support. The
substrate may be opaque or substantially transparent
and may comprise any additional suitable material(s)
having given required mechanical properties, such as
those described in U.S. Pat. Nos. 4,457,994; 4,871,634;
5,702,854; 5,976,744; and 7,384,717 the disclosures of
which are incorporated herein by reference in their en-
tireties.
[0069] The substrate 2 may comprise a layer of elec-
trically non-conductive material or a layer of electrically
conductive material, such as an inorganic or organic
composition. If a non-conductive material is employed,
it may be necessary to provide an electrically conductive
ground plane over such non-conductive material. If a con-
ductive material is used as the substrate, a separate
ground plane layer may not be necessary.
[0070] The substrate may be flexible or rigid and may
have any of a number of different configurations, such
as, for example, a sheet, a scroll, an endless flexible belt,
a web, a cylinder, and the like. The photoreceptor may
be coated on a rigid, opaque, conducting substrate, such
as an aluminum drum.

The Electrically Conductive Ground Plane

[0071] As stated above, in embodiments, the photore-
ceptors prepared comprise a substrate that is either elec-
trically conductive or electrically non-conductive. When
a non-conductive substrate is employed, an electrically
conductive ground plane 3 must be employed, and the
ground plane acts as the conductive layer. When a con-
ductive substrate is employed, the substrate may act as
the conductive layer, although a conductive ground plane
may also be provided.
[0072] If an electrically conductive ground plane is
used, it is positioned over the substrate. Suitable mate-
rials for the electrically conductive ground plane include,
for example, aluminum, zirconium, niobium, tantalum,
vanadium, hafnium, titanium, nickel, stainless steel,
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chromium, tungsten, molybdenum, copper, and the like,
and mixtures and alloys thereof. In embodiments, alumi-
num, titanium, and zirconium may be used.
[0073] The ground plane 3 may be applied by known
coating techniques, such as solution coating, vapor dep-
osition, and sputtering. A method of applying an electri-
cally conductive ground plane is by vacuum deposition.
Other suitable methods may also be used.

The Charge Blocking Layer

[0074] After deposition of any electrically conductive
ground plane layer, a charge blocking layer 4 may be
applied thereto. Electron blocking layers for positively
charged photoreceptors permit holes from the imaging
surface of the photoreceptor to migrate toward the con-
ductive layer. For negatively charged photoreceptors,
any suitable hole blocking layer capable of forming a bar-
rier to prevent hole injection from the conductive layer to
the opposite photoconductive layer may be utilized.
[0075] If a blocking layer is employed, it may be posi-
tioned over the electrically conductive layer. The term
"over," as used herein in connection with many different
types of layers, should be understood as not being limited
to instances wherein the layers are contiguous. Rather,
the term "over" refers, for example, to the relative place-
ment of the layers and encompasses the inclusion of un-
specified intermediate layers.
[0076] The blocking layer 4 may include polymers such
as polyvinyl butyral, epoxy resins, polyesters, polysi-
loxanes, polyamides, polyurethanes, and the like; nitro-
gen-containing siloxanes or nitrogen-containing titanium
compounds, such as trimethoxysilyl propyl ethylene di-
amine, N-beta(aminoethyl) gamma-aminopropyl trimeth-
oxy silane, isopropyl 4-aminobenzene sulfonyl titanate,
di(dodecylbenezene sulfonyl) titanate, isopropyl di(4-
aminobenzoyl)isostearoyl titanate, isopropyl tri(N-ethyl
amino) titanate, isopropyl trianthranil titanate, isopropyl
tri(N,N-dimethyl-ethyl amino) titanate, titanium-4-amino
benzene sulfonate oxyacetate, titanium 4-aminoben-
zoate isostearate oxyacetate, gamma-aminobutyl me-
thyl dimethoxy silane, gamma-aminopropyl methyl
dimethoxy silane, and gamma-aminopropyl trimethoxy
silane, as disclosed in U.S. Pat. Nos. 4,338,387;
4,286,033; and 4,291,110 the disclosures of which are
incorporated herein by reference in their entireties.
[0077] The phrase "n-type" refers, for example, to ma-
terials which predominately transport electrons. Typical
n-type materials include dibromoanthanthrone, benzim-
idazole perylene, zinc oxide, titanium oxide, azo com-
pounds such as chlorodiane blue and bisazo pigments,
substituted 2,4-dibromotriazines, polynuclear aromatic
quinones, zinc sulfide, and the like.
[0078] The phrase "p-type" refers, for example, to ma-
terials which transport holes. Typical p-type organic pig-
ments include, for example, metal-free phthalocyanine,
titanyl phthalocyanine, gallium phthalocyanine, hydroxy
gallium phthalocyanine, chlorogallium phthalocyanine,

copper phthalocyanine, and the like.

The Adhesive Layer

[0079] An intermediate layer 5 between the blocking
layer 4 and the charge generating 6 layer may, if desired,
be provided to promote adhesion. However, in embodi-
ments, a dip coated aluminum drum may be utilized with-
out an adhesive layer.
[0080] Additionally, adhesive layers may be provided,
if necessary, between any of the layers in the photore-
ceptors to ensure adhesion of any adjacent layers. Alter-
natively, or in addition, adhesive material may be incor-
porated into one or both of the respective layers to be
adhered.

The Imaging Layer(s)

[0081] The imaging layer refers to a layer or layers con-
taining charge generating material, charge transport ma-
terial, or both the charge generating material and the
charge transport material.
[0082] Either a n-type or a p-type charge generating
material may be employed in the present photoreceptor.

Charge Generation Layer

[0083] Illustrative organic photoconductive charge
generating materials include azo pigments such as Su-
dan Red, Dian Blue, Janus Green B, and the like; quinone
pigments such as Algol Yellow, Pyrene Quinone, Indan-
threne Brilliant Violet RRP, and the like; quinocyanine
pigments; perylene pigments such as benzimidazole
perylene; indigo pigments such as indigo, thioindigo, and
the like; bisbenzoimidazole pigments such as Indofast
Orange, and the like; phthalocyanine pigments such as
copper phthalocyanine, aluminochloro-phthalocyanine,
hydroxygallium phthalocyanine, chlorogallium phthalo-
cyanine, titanyl phthalocyanine and the like; quinacri-
done pigments; or azulene compounds. Suitable inor-
ganic photoconductive charge generating materials in-
clude for example cadium sulfide, cadmium sulfosele-
nide, cadmium selenide, crystalline and amorphous se-
lenium, lead oxide and other chalcogenides. In embodi-
ments, alloys of selenium may be used and include for
instance selenium-arsenic, selenium-tellurium-arsenic,
and selenium-tellurium.
[0084] Any suitable inactive resin binder material may
be employed in the charge generating layer. Typical or-
ganic resinous binders include polycarbonates, acrylate
polymers, methacrylate polymers, vinyl polymers, cellu-
lose polymers, polyesters, polysiloxanes, polyamides,
polyurethanes, epoxies, polyvinylacetals, and the like.

Charge Transport Layer

[0085] Additional charge transport materials include
for example a positive hole transporting material selected
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from compounds having in the main chain or the side
chain a polycyclic aromatic ring such as anthracene,
pyrene, phenanthrene, coronene, and the like, or a nitro-
gen-containing hetero ring such as indole, carbazole, ox-
azole, isoxazole, thiazole, imidazole, pyrazole, oxadia-
zole, pyrazoline, thiadiazole, triazole, and hydrazone
compounds. Typical hole transport materials include
electron donor materials, such as carbazole; N-ethyl car-
bazole; N-isopropyl carbazole; N-phenyl carbazole; tet-
raphenylpyrene; 1-methylpyrene; perylene; chrysene;
anthracene; tetraphene; 2-phenyl naphthalene; azo-
pyrene; 1-ethyl pyrene; acetyl pyrene; 2,3-benzo-
chrysene; 2,4-benzopyrene; 1,4-bromopyrene; poly(N-
vinylcarbazole); poly(vinylpyrene); poly(vinyltetra-
phene); poly(vinyltetracene) and poly(vinylperylene).
Suitable electron transport materials include electron ac-
ceptors such as 2,4,7-trinitro-9-fluorenone; 2,4,5,7-
tetranitro-fluorenone; dinitroanthracene; dinitroacridene;
tetracyanopyrene; dinitroanthraquinone; and butylcarb-
onylfluorenemalononitrile, see U.S. Pat. No. 4,921,769
the disclosure of which is incorporated herein by refer-
ence in its entirety. Other hole transporting materials in-
clude arylamines described in U.S. Pat. No. 4,265,990
the disclosure of which is incorporated herein by refer-
ence in its entirety, such as N,N’-diphenyl-N,N’-bis(alkyl-
phenyl)-(1,1’-biphenyl)-4,4’-diamine wherein alkyl is se-
lected from the group consisting of methyl, ethyl, propyl,
butyl, hexyl, and the like. Other known charge transport
layer molecules may be selected, reference for example
U.S. Pat. Nos. 4,921,773 and 4,464,450 the disclosures
of which are incorporated herein by reference in their
entireties.

Overcoat Layer

[0086] Embodiments in accordance with the present
disclosure can include an overcoat layer or layers 8,
which are positioned over the charge generation layer or
over the charge transport layer. This layer incudes
FSOFs disclosed herein.
[0087] Such a protective overcoating layer includes a
FSOF forming reaction mixture containing a plurality of
molecular building blocks that optionally contain charge
transport segments.
[0088] Additives may be present in the overcoating lay-
er in the range of about 0.5 to about 40 weight percent
of the overcoating layer. In embodiments, additives in-
clude organic and inorganic particles which can further
improve the wear resistance and/or provide charge re-
laxation property. In embodiments, organic particles in-
clude Teflon powder, carbon black, and graphite parti-
cles. In embodiments, inorganic particles include insu-
lating and semiconducting metal oxide particles such as
silica, zinc oxide, tin oxide and the like. Another semi-
conducting additive is the oxidized oligomer salts as de-
scribed in U.S. Pat. No. 5,853,906 the disclosure of which
is incorporated herein by reference in its entirety. In em-
bodiments, oligomer salts are oxidized N,N,N’,N’-tetra-

p-tolyl-4,4’-biphenyldiamine salt.
[0089] Overcoating layers from about 2 micrometers
to about 15 micrometers, such as from about 3 microm-
eters to about 8 micrometers are effective in preventing
charge transport molecule leaching, crystallization, and
charge transport layer cracking in addition to providing
scratch and wear resistance.

The Ground Strip

[0090] The ground strip 9 may comprise a film-forming
binder and electrically conductive particles. Cellulose
may be used to disperse the conductive particles. Any
suitable electrically conductive particles may be used in
the electrically conductive ground strip layer 8. The
ground strip 8 may, for example, comprise materials that
include those enumerated in U.S. Pat. No. 4,664,995 the
disclosure of which is incorporated herein by reference
in its entirety. Typical electrically conductive particles in-
clude, for example, carbon black, graphite, copper, silver,
gold, nickel, tantalum, chromium, zirconium, vanadium,
niobium, indium tin oxide, and the like.
[0091] In embodiments, a SOF may be incorporated
into various components of an image forming apparatus.
For example, a SOF may be incorporated into a electro-
photographic photoreceptor, a contact charging device,
an exposure device, a developing device, a transfer de-
vice and/or a cleaning unit. In embodiments, such an
image forming apparatus may be equipped with an image
fixing device, and a medium to which an image is to be
transferred is conveyed to the image fixing device
through the transfer device.
[0092] The contact charging device may have a roller-
shaped contact charging member. The contact charging
member may be arranged so that it comes into contact
with a surface of the photoreceptor, and a voltage is ap-
plied, thereby being able to give a specified potential to
the surface of the photoreceptor. In embodiments, a con-
tact charging member may be formed from a SOF and
or a metal such as aluminum, iron or copper, a conductive
polymer material such as a polyacetylene, a polypyrrole
or a polythiophene, or a dispersion of fine particles of
carbon black, copper iodide, silver iodide, zinc sulfide,
silicon carbide, a metal oxide or the like in an elastomer
material such as polyurethane rubber, silicone rubber,
epichlorohydrin rubber, ethylenepropylene rubber, acryl-
ic rubber, fluororubber, styrene-butadiene rubber or
butadiene rubber.
[0093] In embodiments an optical device that can per-
form desired imagewise exposure to a surface of the elec-
trophotographic photoreceptor with a light source such
as a semiconductor laser, an LED (light emitting diode)
or a liquid crystal shutter, may be used as the exposure
device.
[0094] In embodiments, a known developing device
using a normal or reversal developing agent of a one-
component system, a two-component system or the like
may be used in embodiments as the developing device.

19 20 



EP 3 264 183 A1

12

5

10

15

20

25

30

35

40

45

50

55

There is no particular limitation on image forming material
(such as a toner, ink or the like, liquid or solid) that may
be used in embodiments of the disclosure.
[0095] Contact type transfer charging devices using a
belt, a roller, a film, a rubber blade or the like, or a scoro-
tron transfer charger or a scorotron transfer charger uti-
lizing corona discharge may be employed as the transfer
device, in various embodiments. In embodiments, the
charging unit may be a biased charge roll, such as the
biased charge rolls.
[0096] Further, in embodiments, the cleaning device
may be a device for removing a remaining image forming
material, such as a toner or ink (liquid or solid), adhered
to the surface of the electrophotographic photoreceptor
after a transfer step, and the electrophotographic pho-
toreceptor repeatedly subjected to the above-mentioned
image formation process may be cleaned thereby. In em-
bodiments, the cleaning device may be a cleaning blade,
a cleaning brush, a cleaning roll or the like. Materials for
the cleaning blade include SOFs or urethane rubber, ne-
oprene rubber and silicone rubber.
[0097] In an exemplary image forming device, the re-
spective steps of charging, exposure, development,
transfer and cleaning are conducted in turn in the rotation
step of the electrophotographic photoreceptor, thereby
repeatedly performing image formation. The electropho-
tographic photoreceptor may be provided with specified
layers comprising SOFs and photosensitive layers that
comprise the desired SOF, and thus photoreceptors hav-
ing excellent discharge gas resistance, mechanical
strength, scratch resistance, particle dispersibility, etc.,
may be provided. Accordingly, even in embodiments in
which the photoreceptor is used together with the contact
charging device or the cleaning blade, or further with
spherical toner obtained by chemical polymerization,
good image quality may be obtained without the occur-
rence of image defects such as fogging. That is, embod-
iments of the invention provide image-forming appara-
tuses that can stably provide good image quality for a
long period of time is realized.
[0098] Further, in embodiments, the cleaning device
may be a device for removing a remaining image forming
material, such as a toner or ink (liquid or solid), adhered
to the surface of the electrophotographic photoreceptor
after a transfer step, and the electrophotographic pho-
toreceptor repeatedly subjected to the above-mentioned
image formation process may be cleaned thereby. In em-
bodiments, the cleaning device may be a cleaning blade,
a cleaning brush, a cleaning roll or the like. Materials for
the cleaning blade include SOFs or urethane rubber, ne-
oprene rubber and silicone rubber.
[0099] While embodiments have been illustrated with
respect to one or more implementations, alterations
and/or modifications can be made to the illustrated ex-
amples without departing from the spirit and scope of the
appended claims. In addition, while a particular feature
herein may have been disclosed with respect to only one
of several implementations, such feature may be com-

bined with one or more other features of the other imple-
mentations as may be desired and advantageous for any
given or particular function.

EXAMPLES

Comparative Example 1

[0100] A 40 mm commercially available production
Xerox C75 drum photoreceptor without a protective
FSOF overcoat.

Comparative Example 2

[0101] A 30 mm commercially available Hodaka F469
drum photoreceptor without a protective FSOF overcoat.

Comparative Example 3

Preparation of Liquid Containing Reaction mixture

[0102] The following were combined: a first building
block N4,N4,N4’,N4’-tetrakis(4-(methoxymethyl)phe-
nyl)biphenyl-4,4’-diamine, a second building block
1H,1H,8H,8H-Dodecafluoro-1,8-octanediol, an acid cat-
alyst 20 wt % solution ofNacure XP-357, a leveling agent
25 wt % solution of Silclean 3700, an optional anti-oxidant
TrisTPM, and a solvent 1-methoxy-2-propanol. The re-
sulting solution was mixed and filtered using a 1 micron
PTFE filter.

Deposition of Reaction Mixture

[0103] The solution was coated onto a commercially
available production Xerox C75 drum photoreceptor
(40mm drum) and a commercially available Hodaka F469
drum photoreceptor (30mm drum) and then dried in a
forced air oven at about 135°C for about 40 minutes. The
resulting cured FSOF overcoat layer was about 4 microns
thick and wherein the fluorinated segment 1H,1H,8H,8H-
Dodecafluoro-1,8-octanediol is greater than 25 weight
percent of the FSOF layer.

Example 1

[0104] The following were combined: a first building
block N4,N4,N4’,N4’-tetrakis(4-(methoxymethyl)phe-
nyl)biphenyl-4,4’-diamine, a second building block
1H,1H,8H,8H-Dodecafluoro-1,8-octanediol, an acid cat-
alyst 20 wt % solution ofNacure XP-357, a leveling agent
25 wt % solution of Silclean 3700, an optional anti-oxidant
TrisTPM, and a solvent 1-methoxy-2-propanol. The re-
sulting solution was mixed and filtered using a 1 micron
PTFE filter.

Deposition of Reaction Mixture

[0105] The solution was coated onto a Xerox C75 drum
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photoreceptor (40mm drum) and a Hodaka F469 drum
photoreceptor (30mm drum) and then dried in a forced
air oven at about 155°C for about 40 minutes. The re-
sulting cured FSOF overcoat layer was about 4 microns
thick and wherein the fluorinated segment 1H,1H,8H,8H-
Dodecafluoro-1,8-octanediol is about 10 weight percent
of the FSOF layer.

Example 2

[0106] The following were combined: a first building
block N4,N4,N4’,N4’-tetrakis(4-(methoxymethyl)phe-
nyl)biphenyl-4,4’-diamine, a second building block
1H,1H,8H,8H-Dodecafluoro-1,8-octanediol, an acid cat-
alyst 20 wt % solution ofNacure XP-357, a leveling agent
25 wt % solution of Silclean 3700, an optional anti-oxidant
TrisTPM, and a solvent 1-methoxy-2-propanol. The re-
sulting solution was mixed and filtered using a 1 micron
PTFE filter.

Deposition of Reaction Mixture

[0107] The solution was coated onto a Xerox C75 drum
photoreceptor (40mm drum) and a Hodaka F469 drum
photoreceptor (30mm drum) and then dried in a forced
air oven at about 165°C for about 40 minutes. The re-
sulting cured FSOF overcoat layer was about 4 microns
thick and wherein the fluorinated segment 1H,1H,8H,8H-
Dodecafluoro-1,8-octanediol is about 5 weight percent
of the FSOF layer.

Evaluations, Results and Discussion

[0108] Wear rate was measured for each 30mm drum
in a wear test fixture for 50kcyc. Comparative example
2 (no overcoat) wear rate was measured to be
∼92nm/kcyc. Comparative Example 3 (high fluorine con-
tent) wear rate was ∼21.8nm/kcyc. Example 1 wear rate
was ∼15.6nm/kcyc. Example 2 wear rate was ∼
8.6nm/kcyc. There was a dramatic reduction in wear rate
as the fluorine segment content is reduced.
[0109] 40mm drums were print tested continuously in
a Xerox Color J75 printer for 120,000 prints and FSOF
thickness loss was measured and wear rate calculated.
Comparative Example 1 (no overcoat) wear rate was
∼25.6nm/kcyc. Example 2 (5 weight percent fluorine
building block) wear rate was ∼1nm/kcyc. The in-machine
wear rate of Example 2 is low enough to enable several
million cycles before the overcoat is completely worn
away.
[0110] 40mm drums were tested for image quality (IQ)
in a Xerox J75 Printer for up to 120,000 prints. All exam-
ples demonstrated no LCM, ghosting or background is-
sues and delivered good image quality even after
120,000 prints.
[0111] By reducing the fluorine segment content the
wear rate can be dramatically increased. This enables a
typical 4-5 micron overcoat layer to last several million

prints before being worn away. Furthermore, reducing
the fluorine content to low levels does not introduce is-
sues like torque, LCM, or background.
[0112] It will be appreciated that variants of the above-
disclosed and other features and functions or alternatives
thereof may be combined into other different systems or
applications. Various presently unforeseen or unantici-
pated alternatives, modifications, variations, or improve-
ments therein may be subsequently made by those
skilled in the art, which are also encompassed by the
following claims.

Claims

1. An imaging member comprising:

a substrate;
a charge generating layer;
a charge transport layer; and
an outermost layer comprising a structured or-
ganic film (SOF) comprising a fluorinated mo-
lecular building block and a hole molecular build-
ing block, wherein the fluorinated molecular
building block is present in the SOF of the out-
ermost layer in an amount of from about 1 weight
percent to about 20 weight percent of the SOF.

2. The imaging member of claim 1, wherein the fluori-
nated molecular building block and the hole molec-
ular building block are present in the SOF of the out-
ermost layer in an amount of from about 90 to about
99.5 percent by weight of the SOF.

3. The imaging member of claim 1, wherein the outer-
most layer is an overcoat layer, and the overcoat
layer is from about 2 to about 10 microns thick.

4. The imaging member of claim 1, wherein the fluori-
nated molecular building block is selected from the
group consisting of: α, ω-fluoroalkyldiols of the gen-
eral structure:

where n is an integer having a value of from 1 to
about 100; fluorinated alcohols of the general struc-
ture HOCH2(CF2)nCH2OH where n is an integer hav-
ing a value of from 1 to about 100; tetrafluorohydro-
quinone; perfluoroadipic acid hydrate, 4,4’-(hex-
afluoroisopropylidene)diphthalic anhydride; and
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4,4’-(hexafluoroisopropylidene)diphenol.

5. The imaging member of claim 1, wherein the fluori-
nated molecular building block is selected from the
group consisting of: 1,1,8,8-dodecafluoro-1,8-oc-
tanediol, 2,2,3,3,4,4,5,5-octafluoro-1,6-hexanediol,
2,2,3,3,4,4,5,5,6,6,7,7-dodecanfluoro-1,8-octane-
diol, 2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9-perfluoro-
decane-1,10-diol, (2,3,5,6-tetrafluoro-4-hydroxyme-
thyl-phenyl)-methanol, 2,2,3,3-tetrafluoro-1,4-bu-
tanediol, 2,2,3,3,4,4-hexafluoro-1,5-pentanedial,
and 2,2,3,3,4,4,5,5,6,6,7,7,8,8-tetradecafluoro-1,9-
nonanediol.

6. An electrostatographic apparatus comprising:

an imaging member, having an outermost layer
that comprises a structured organic film (SOF)
comprising a plurality of fluorinated molecular
building blocks and a plurality of hole molecular
building blocks, wherein the fluorinated molec-
ular building blocks are present in the SOF in an
amount of from about 1 weight percent to about
20 weight percent of the SOF;
a charging unit to impart an electrostatic charge
on the imaging member; an exposure unit to cre-
ate an electrostatic latent image on the imaging
member;
an image material delivery unit to create an im-
age on the imaging member; a transfer unit to
transfer the image from the imaging member;
and
an optional cleaning unit.

7. The electrostatographic apparatus of claim 6, where-
in the charging unit is a biased charge roll.

8. An imaging member comprising:

a substrate;
a charge generating layer;
a charge transport layer; and
an outermost layer comprising a structured or-
ganic film (SOF) comprising fluorinated molec-
ular building blocks and hole molecular building
blocks, wherein the fluorinated molecular build-
ing blocks are present in the SOF in an amount
of from about 1 weight percent to about 10
weight percent of the SOF.

9. The imaging member of claim 8, wherein the fluori-
nated molecular building block is selected from the
group consisting of: 1,1,8,8-dodecafluoro-1,8-oc-
tanediol, 2,2,3,3,4,4,5,5-octafluoro-1,6-hexanediol,
2,2,3,3,4,4,5,5,6,6,7,7-dodecanfluoro-1,8-octane-
diol, 2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9-perfluoro-
decane-1,10-diol, (2,3,5,6-tetrafluoro-4-hydroxyme-
thyl-phenyl)-methanol, 2,2,3,3-tetrafluoro-1,4-bu-

tanediol, 2,2,3,3,4,4-hexafluoro-1,5-pentanedial,
and 2,2,3,3,4,4,5,5,6,6,7,7,8,8-tetradecafluoro-1,9-
nonanediol.

10. The imaging member of claim 8, wherein the hole
transport building block is selected from the group
consisting of N4,N4,N4’,N4’-tetrakis(4-(meth-
oxymethyl)phenyl)biphenyl-4,4’-diamine N,N,N’,N’-
tetra-(p-tolyl)biphenyl-4,4’-diamine: and N4,N4’-
bis(3,4-dimethylphenyl)-N4,N4’-dip-tolyl-[1,1’-bi-
phenyl]-4,4’-diamine.
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