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ABSTRACT OFTHEDISCLOSURE 
Aprocessis describedforthe dyesensitization ofelec 

trophotographic elements,The dye is concentratedin a 
thin layer by preferentialabsorptionfrom the photocon 
ductive layerintoa Subbinglayer havingagreaterafini 
ty for the dye? 

Thisisa division ofapplication Ser,No.51.252,fied 
June 30,1970,now Pat?No.3,684,548,issued Aug?15, 
1972? 
Thisinvention relatesto electrophotographyand more 

1}articularlytonoveltechniquesforsensitizingphotocon 
ductive recording elements and to the elements thus 
produced? 

Electrophotographicimaging processesand techniques 
are based on the discovery thatcertain materials which 
are normaly insulating become conductive during ex 
Posuretoelectromagneticradiation ofcertainwavelengths 
after being electricaly charged?Such materials,which 
nay be either organic orinorganic,are termed photo 
conductors?They are convenienty formed into usable 
image-formingelements by coatinga layer ofthe photo 
conductive composition,together with an electricalyin 
Sulating resinous binder where necessary or desirable, 
onto a suitable support?Suchanelementwillacceptand 
retain an electrostatic charge in the absence of actinic 
radiation?In use,the surface of the elementis charged 
in the dark to a uniform potentialand exposed to an 
imagewise pattern of actinicradiation,which selectivey 
reducesthe Surfacepotentialto producea charge pattern 
correspondingto the imagewise radiation pattern?The 
resultant electrostatic charge pattern can be developed 
by contactingit with suitably charged marking particles 
whichadhere inaccordancewith the charge pattern,or 
it can betransferred to anotherinsulatingsurface upon 
which itis developed,The marking particles can then 
befxed to the Surface by known means suchas heator 
solventvaporortheycan betransferred toanothersur 
face and similarly be fxed to produce a permanentre 
production of the originalradiation pattern? 

Various photoconductiveinsulatingmaterials have been 
employedinthemanufacture ofelectrophotographicele 
ments,For example,vapors of Selenium and vapors of 
selenium aloys deposited ona Suitable supportandpar 
ticles of photoconductive Zinc oxide held ina resinous 
flm-forming binder have found wide applicationin pres 
ent day document copyingapplications? 

Since the introduction of electrophotography,a great 
many organic compounds have been found to possess 
some degree of photoconductivity. Many organic com 
Ipounds have revealed a usefullevel of photoconduction 
and have been incorporated into photoconductive com 
Bositions?Opticalyclear organic photoconductor-contain 
ingelements having desirable electrophotographic prop 
ertiescan beespecialyusefulinelectrophotography.Such 
electrophotographic elements can be exposed through a 
transparent base,if desired,thereby providing unusual 
flexibility inequipment design?Such compositions,when 
coatedasa fimor1ayerona Suitable Support,alsoyield 
an element whichis reusable;thatis,it can be used to 
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2 
form Subsequentimagesafterresidualtoner from prior 
images has beenremoved bytransferand/orcleaning? 

Although Some of the organic photoconductormate 
rialsreferredtoaboveareinherentylghtsensitive,their 
degree of Sensitivity is usualy lowand notalwaysina 
desired wavelength portion ofthe spectrum sothatitis 
common practice toaddmaterialstoincreasethe speed 
and to shift the spectralsensitivity? 

Increasingthe speedandshiftingthesensitivity ofsuch 
Systems has Severaladvantagesinthatitreducesexposure 
time,alows projection printing through various optical 
SyStems,etc?Byincreasingthe speed through the use of 
Sensitizers,photoconductors which wouldotherwise have 
been unsatisfactoryare usefulin processeswhere higher 
speeds are required? 

Sensitizingis generaly carried out by dssolvingthe 
Sensitizer,photQconductor and binderin a common sol 
Vent,coatingthe Solution ontoasuitableconductivesub 
Strate,and removingthe solvent byany suitable means? 
Thisprocedureresultsinanelementhavingthedyeuni 
formly distributedthroughoutthethicknessofthe photo 
conductive layer?Although suchelementsarevery useful 
foranumber ofapplications,itisdificulttoobtainmaxi 
mum Sensitization?Increasingthe dye concentrationgen 
eraly increases the sensitization?However,a point is 
reached beyond which theaddition of dye does notfur? 
therincrease sensitization and mayeven produce desen 
sitization of the layer?Consequently,thereisa imit of 
the degree of dye sensitization thatcan be obtainedin 
Such photoconductive layers having the dye uniformly 
distributed therein? 

Itis,therefore,an objectofthisinvention to provide 
a novel process for Sensitizing organic photoconductive 
elements? 

Itisanotherobjectofthisinventiontoprovidea proc 
essfor dye Sensitizing organic photoconductive elements 
to high speeds? 
Itisa furtherobject ofthisinventionto provide ef 

cient dye-sensitized organic photoconductive elements 
comprisinga single photoconductive layer whichadheres 
weltoits Support? 

These and other objects and advantagesare accom 
Iplished in accordance with thisinvention by means of 
a Selective dyeimbibitiontechnique?It has been discov 
ered that,in the formation of an electrophotographic 
element comprisingin sequence a conductive support,a 
frst polymeric layer and a photoconductive 1ayer,the 
photoconductive layer containing a homogeneous mix 
ture comprising an organic photoconductor,a sensitizer 
anda bindertherefor,greaty enhanced speeds are ob 
tained when the frst polymeric ayer comprisesa mate 
rial havingagreaterafnity forthe sensitizingdyethan 
doesthe photoconductive layer?Byhomogeneousis meant 
that the photoconductive composition is substantialy 
clearandfree ofanyparticulatematter,asobservedunder 
upto about2500× magnification?Duringthe coating of 
the photoconductive layer,a substantial portion of the 
sensitizingdye containedinthe coatingdope appearsto 
be preferentialyabsorbed out of the photoconductive 
1ayerinto the frst polymeric layer?The amount ofaye 
thatissoconcentratedin thismannervaries;butgener 
aly at low dye concentrations,substantialy al of the 
dye migrates into the frst or under ayer?The speeds 
thatare obtainedin the elements formedin accordance 
with thisinventionare markedy higherthan those ob 
tained when the dyeis uniformly distributed throughout 
the photoconductivelayer? 
Referenceisnow made tothe drawings,Wherein: 
FIG?1isa schematic cross-Section ofasensitized or 

ganic photoconductor-containingelementaccordingtothe 
Ipriorart? 
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FIG,2isaschematic cross-section ofa Sensitized or 
ganic photoconductor-containing element showing ? 
partitioningofdyewhichtakes placeinaccordance with 
thisinvention? 

Inaccordancewith thisinvention,a homogeneous dye 
sensitized photoconductive elementis prepared byfrst 
coatingonto a suitable conductive Supportalayer ofan 
electricalyinsulatingpolymeric subcoating,ThesubC9at? 
ingmaterialcan beany ofthose known materials which 
aremildyattacked by common organic coating Solvents, 
suchashalogenated1owerakanes,forexample,andwhich 
hasagreaterafnityforthe sensitizingdyethan hasthe 
Photoconductive composition to be coated overit,The 
subcoatingisthen overcoated with a Solution containing 
an organic photoconductive composition comprising,for 
example,an organic photoconductor,an electricalyin 
sulatingfim-forming polymeric binderforthe photocon 
ductor,asensitizingamount of a sensitizingdye for the 
fhotoconductorandasolvent.As has been mentioned,the 
solventistypically one which is capable of midy at 
tackingthe subcoatingin orderto swel ortackifyit,to 
Dermit ready penetration of the dye into the layer?It 
should notbeagoodsolventforthe Subcoating?Afterthe 
photoconductive layer has been coated,the elementis 
driedin the usual manner,by passingairoveritssurface 
ata moderaterate offlow,asin afume hood?Of course, 
dryingcan beaccelerated,ifdesired,by coatingthe photo 
conductive layerontothe Supportwhiethe Supportis held 
ona heated coating block,asin well known?The finished 
elementis then cured to remove altraces of residual 
Solventtoprepareitforuse? 

Sensitizing dyes which can be used in producingthe 
highly eficient photoconductive elements ofthisinvention 
can be selected from a widerange of known sensitizing 
dyes.One classofsensitizingdyescomprisesthe pyrylium 
dyes,inchudingpyrylium andthiapyrylium dyesaitssuch 
asare disclosedin Van Alan etal.U.S. Pat,3.250,615, 
issued May10,1966,Such dyesinclude those which can 
berepreSented bythe followinggeneralformula: 

Bb ?Rd 

wherein R°,Rh,R°,Ra,and Recaneachrepresenta hy 
drogen atom;an aliphatic or aromatic group typically 
havingfrom 1 to 15 carbonatoms,such asalkylgroups, 
methyl,ethyl,propyl,isopropyl,butyl,tertiary butyl, 
amyl,iSOamyl?heXyl,Octyl,nonyl,dodecyl,styryl,me 
thoxystyryl,diethoxystyryl,dimethylaminostyryl,1-butyl 
4-p-dimethylaminophenyl- 1.3 - butadienyl,6-ethyl-4- 
dimethylaminostyryl;alkoxygroupsikemethoxy,ethoxy, 
IropOxy,butoxy,amyloxy,hexoxy,octoxy,and the like, 
aryl groups like phenyl,4-diphenyl,alkylphenyls as 4 
ethylphenyl,4-propylphenyl,andthe like,alkoxyphenyis 
as4-ethoxyphenyl,4-methoxyphenyl,4-amyloxyphenyl, 
2·heXOxyphenyl,2·methoxyphenyl,3,4-dimethoxy 
phenyl,and the like,6 - hydroxyalkoxyphenyls as 2 
hydroxyethoxyphenyl,3- hydroxyethoxyphenyl,and the 
like,4- hydroxyphenyl,halophenyls as2.4-dichloro 
?henyl,3,4?dibromophenyi,4-chlorophenyl,2,4-di 
chlorophenyl,and the like,azidophenyl,nitrophenyl, 
aminophenyis as 4-dethylaminophenyl,4- dimethyl 
aminophenyland the like,and naphthyl;vinyl,and the 
like;and where Xisa sulfur,oxygen or seleniumatom, 
and Zis an anionic function,including such anions aS 
perchlorate,fuoroborate,iodide,chloride,bromide,sul 
fate,sulfonate,periodate,p-toluenesulfonate,hexafuoro 
Phosphate,andthe like?Inaddition,the pair R°and Rb 
aswellasthe pair Raand R°cantogetherbethenecessary 
atoms to complete an aryl ringfused to the pyrylium 
nucleus?Preferred dye Salts comprise compounds having 
theabove formulainwhich R°,R°and R°representgroups 
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4 
ofthetypesindicated,Rband Raare hydrogen,and Z? 
isa perchlorate,fuoroborate or hexafiuorophosphateion? 
Typical members of such pyrylium dyes are listed in 
Table 1? 

TABLE 1 

Comp0und 
nUmber Name of compound 
1-- ?4-(4-bis(2-chloroethyl)aminopheny])-2,6-diphenylthia 

pyrylium perchlorate? 
2----------- 4-{4-dimethylaminophenyI)-2,6-diphenylthiapyrylium 

perchlorate? * * 

3----------- 4-(4-dimethylaminophenyl)-2,6-diphenylthiapyrylium 
fuOrob0rate? 

4…------ 4-(4-dimethylamino-2-methylphenyD-26-diphenylpyryl 
ium perchlorate? 

5----------- 4-(4bis(2-chioroethyl)aminophenyl)-2-(4-methoxypheny)- 
6-phenylthiapyryium perchlOrate? * 

7----------- 4(4-dimethylaminophenyl)-2,6-diphenylthiapyrylium-p- 
tolueneSulfonate? 

8----------- 4-(4-dimethylaminophenyl)-2.6-diphenylpyryium-p- 
tolueneSuifon8te? * 

9----------- 2-(24-dimethoxyphenyl)+(4-dmethylaminophenyl}- 
bénzo(b)pyryliumperghlOrate? * 

10---------- 26-bis(4e?ylöhenyD-4-dimethylaminopheny)-thiapyryl 
ium perchlorate? 

11---------- 4-(4-difnethylaminophenyl)-2-(4-methoxyphenyl)-6- 
phenylthiapyryliumperghlorate: 

12---------- 4-?ethyiaminophenyl)-2-(4-ethoxyphenyl}-6-phenyl 
thiapyryiumperöhlorate? 

13---------- 4-(4-diefhylaminophenyl)-2-(4-methoxyphenyl)-6-(4- 
nethylphenyl}pyryiUT?perchlorate, -> 

14-------…- 4-(4-diphenyiaminophenyl)-2.6-diphenyithiapyrylium 
Derchlorate? 

15---------- 246-triphenylpyry?umperghloräte?? 

17---------- 4-(24-dehlof6phenyl)-2.6-dphenypyry?umperchlorate… 

20---------- 6(4-methoxyphenyl)-24-diphenypyyium perchlogtB? 
21---------- 2-(34-dichlof6pheny)-4-(4methoxyphenyl)-6-phenyl 

pyrylium perchlorate:? * 
22---------- 4-{?afnyloxyphenyl)-26-bis(4-ethylphenyl)pyrylium 

perchlorate? 
23---------- 4-{4-amyloxyphenyl)-2,6-bis(4-methoxyphenyl)pyryium 

?erChlOrate? 
24---------- 2,4,6-triphenypyryium?uorOb0rate: * 
25---------- 26-bis(?-ethylphenyl)-4-(4-methoxyphenyl)pyrylium 

perchlorate: 
2°---------- 2.6.bis(4-ethylphenyi)-4-(4-methoxyphenyl)pyryium 

fiuor0bOrate? - 
27---------- 6-(34-dethoxystyryD-24-dpheylpyryiqmpe°orate… 
°---------- 6-(34-diethoxy-G-amyistyry}-24-diphenyipyTyium 

fuOrobOrate? · * 
29---------- 6-(4-dimethylamino-6-ethylstyryl)-24-diphenylpyryium 

ft10robOrate? 
39---------- 6-(1-n-amyl-4-p-dimethygmingphenyl-1,3-butadenyl 

24-diphenypyryium ?10rob9rate? > 
°---------- 6-(4-áimethylaminostyryl)-24-diphenypyryiumfuoro 

b0rate? 
°---------- 6-üeöhyl-8,6-bis(dimethylaminophenyl)vinylene]-24 

diphenylpyryliu?fluoroborate? 
°---------- 6-ütyl-4?-áimethylaminophenyl-13-butadenyl)24… 

°---------- 6-B6-bis(4-dimethylaminophenyl)vinylene]-24-diphenyl 
pyryiumperchlorate? 

36–? --2,6-bis(4-dimethylaminostyryl)-4-phenylpyrylium 
Derchlorate? 37?? ?-- 6-{6methyl-4-dimethylaminostyryl)-24-diphenylpyryl 
iumfuOrob0rate? * 

38-- ---6-(l-ethyl-4-p-dimethylaminophenyl-1,3-butadienyl)… 
24-diphenypyylumfiuoroborate, ? 

39-- ---6-[66-bis(4-dimethylaminophenyl)vinylene]-24-d- 
phenyipyryliUnfuorgbOrate? * 

°---------- 6-á-methyl-4-p-dimethylaminophenyl-13-butadieny)- 
2,4-diphenylpyryiUmfiUOrobQrate? > 

4---------- 4-(4-dimethylaminophenyl)-2,6-diphenylpyrylium 
IJerchlorate? °---------- 2?bs(4-etyphenyy±pheypyryiumperchlor$6… 

4°---------- 26-bis(4-ethyphenyl)-4methOxyphenylthiapyrylium 
fiu0r0b0rate? 

44---------- 246-trghenylthiapyyiumperchlorate,, 
45---------- 4(4methoxyphenyi)-2,6-diphenyithiapyryium 

Derchlorate? 
4°---------- 6-(4-methoxyphenyl)-24-diphenylthiapyrylium 

perchlorate? 
47---------- 2,6-bis(4-methoxyphenyl)-4-phenylthiapyrylium 

Derchlorate? 
4°---------- 4-(2,4-dichlorophenyl)-2,6-diphenyithiapyryium 

Derchlorate? 
49---------- 2,?6-tri(4-meth9xyphenyl)thiapyrylium_perchlorate? 

5---------- 4-(4-amyloxypheny])-2,6-bis(4-ethyphenyi?thiapyrylium 
Derchlorate? 

52---------- 6-(4-dimethylaminostyryl)-2,4-diphenyithiapyrylium 
perchlOrate? 

5°---------- 2,4,6-triphenylthiapyryium fiuoroborate? 
54?? ???24,6-triphenylthiapyrylium_Sulfate? 
55---------- 4-{Hme?hoxyphenyi}-2,6-diphenylthiapyryium 

fit1Orob0rate? 
56---------- 2,4,6-triphenylthiapyryliumchloride? 
57---------- 2-(4-amyloxyphenyl)-4,6-diphenyithiapyrylium 

fluOrobOrate? 
58---------- 4-(4-8myloxyphenyl)-2,6-bis(4-methoxyphenyl)- 

thiapyrylium perchiorate? 
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3-ethyl-6-nitro-2-[2-(2-pyrrolyl)vinyl]benzothiazolium naterials;andalsootherpolyarylalkanesincluded bythe 
p-toluenesulfonate, formula: 

1.3.3-trimethyl-5-nitro-2-[2-(2-pyrroyl)vinyl]-3H- D 
indolium p-toluenesulfonate or J ? ? 

1.3.31trimethyl-2-[2-(1-methyl-2-pyrrolyl)vinyl]-5- 5 -? 
nitro-3H-indoliumiodide, 

Whereineach of D,Eand Gisan arylgroupand Jisa ?sedysbs?g.?orefuy isd9$d??Fumi et? hydrogenatom,analkylgroup,oranarylgroup,atleast 
BegianPat.728463,gantedApr151969;andcyanine one of D,Eand G containinganamino substituent,the 
dyescontaininga pyrazole nucleus,Suchas 10 ary groups attached to the central carbon atom being 

Dreferably phenylgroups,although naphthylgroups can 
also be usedincludingsubstitutedarylgroups containing 
Substituents such as alkyland alkoxy typicaly having1 
to 8 carbon atomS,hydroxy,halogen,etc?in the Ortho, 
meta orpara positions,ortho-substituted phenyibeing pre 
ferred;the ary groups can also be joined together or 
cyclizedtoformafiuorenemoiety,forexample;theamino 
Substituent can be represented by the formula: 

1.3-dialyl-2-{[1-(2-benzothiazoly1)-3.5-dimethyl-4- 
pyrazolyl]vinyl}imidazo[45-b]quinoxalinium 
p-toluenesulfonate, 

3-ethyl-6-nitro-2-[(1-phenyl-4-pyrazolyl)vinyl]benzo- ?5 
thiazolium p-tolueneSulfonate Or 

1,3-dialyl-2-[(1-phenyl-4-pyrazolyl)vinyl]imidazo 
[4,5-b]quinoxalinium p-toluenesulfonate; 

these dyes beingmorefulydisclosedin Van Lare Belgian R 
Pat?727.703,granted Mar?31,1969?Combinations of 20 · N? 
two or more of these dyes may,of course,be used,if ?? 
desired? B 

Photoconductorsusefulinthe practice ofthisinvention 
aredescribed below? 
(A)Arylamine photoconductorsincludingsubstituted 

whereineach R can beanalkylgrouptypicaly having1 
25 to8carbonatoms,a hydrogen atom,anary1group,or 

anüs?? ? ? * ?forma ? amino triaryiamines and polymeric triarylaminessuch as those grougtypicalyhay?g5to 6atoms in the ring such as 
describedin U.S.Pats.3,240.597and 3,180.730. morpholino,pperidino,tetrahydropyrrolo,etc.;at least 

One of D,E and G preferably beinga p-dialkylamino (B)Photoconductors represented by the formula °phenylgroup,when Jisanalkylgroup,suchanalkyl 
group moregenerally has1to 7 carbonatoms,thesema 

1—?—??o terials being morefully describedin U.S. Pat.3.274,000, 
NT b French Pat,1,383,461 and in U.S.Ser?No?627.857, 
2? fled Apr,3,1967by Seusand Goldman,nowPat,No. 

°3.542544,issued Nov.24,1970 
(D)Photoconductorscomprising4-diarylaminosubsti 

wherein Z represents a mononuclear or polynuclear di- tuted chalcones havingtheformula: 
valent aromatic radical,either fused or linear(e.g, 
phenyl,naphthyl,biphenyl,binaphthyl,etc.),ora Sub- R? O 
stituted divalentaromaticradical of thesetypes wherein 40 N—??ea-ca-"?? 
said substituent can comprise a member Such as an acyl R? 
grouphavingfrom1toabout6carbonatoms(e.g.,acetyl, ? - - ? 

Dropionyl,butyryl,etc.),analkylgroup having from 1 whersn K1 and R2 a? each phenyl radicals ?cudpg 
to about 6 carbon atoms(e.g.,methyl,ethyl, Substituted phenyl radicals,R2 preferably having the 
propyl,butyl,etc.),an alkoxygroup havingfrom 1 to 45 formula: 
about 6 carbon atoms(e.g,methOxy,ethOxy,pro- R3 
poxy,pentoxy,etc.),or a nitro group;Z”repreSents ???? 
a mononuclear or polynuclear monovalent Orpolynuclear NR 

? monovalentaromaticradical,eitherfused orlinear(e.g, 
phenyl,naphthyl,?pheny,eto);9Fasubstituted mono-50 wherein Raand Raareeachary1radcals,alphaticresi 
valentaromaticradical wherein Said Substituent can com- dues of 1 to 12carbonatomssuchasalkyiradicals pref 
prsea?ember,suchasanacy1group hayingfrgm1° erably having1 to 4 carbon atoms,or hydrogen;par 
about6cabonatoms(eg,8cey propony_butyy, ticularlyadvantageousresults beingobtained when R1is 
etc.),an alkyl group havingfrom 1 to about 6 carbon a phenyi radicalinciuding a substituted phenyl radical 
atoms(eg·mehyl,ethyl,Propyl,buty etc),anakoxy55andwfere Raisdphenyiaminophenyl,dmethylamino 
group having from 1 to about 6 carbon atoms(e.g, pheny or phenyl,these materials being more fully de 
methoxy,Propoxy,Pentoxy,etc),oranitro group Q Scribedin Foxapplication U.S.Ser. No.613.846,now 
can represent a hyrdogen atom or an aromatic amino Pat?No.3.526,501?issuedSept.1,1970? 
group,suchasZ/NH?;brepresentsanintegerfrom1to (E)Non-ioniccycloheptenylcompoundswhichmay be 
about 12,and L representsa hydrogenatom,a mono-60substituted with sübstituentssuchas: 
nuclear or polynucleararomatic radical,eitherfused or 
linear(e.g.,phenyl,naphthyl,biphenyl,etc.),a Substi 
tutedaromaticradical wherein Said Substituent comprises 
analkylgroup,analkOxygroup,anacylgroup,Oranitro 

? Iv(4'-vinylphenV1 oup whichis bonded * * * * 

? ? ? ? ? Of ? ? 65 (4)a heterocyclic radical having5 to 6 atoms in the 
? * -> - heterocyclic nucleus and atieast one hetero nitrogen 
? beingmorefuly describedin U.S. atom,and including substituted and unsubstituted 

? ? heterocyclicradicals,and (C)Polyarylalkane photoconductors including leuco * ? * 
bases of diaryl or triarylmethane dye salts,1,1,1-tri-70 (5)an Oxygenlinked cycloheptenylmoiety? 

(1)an ary radicalinchuding substituted as well as un 
Substitutedarylradicals, 

(2)a hydroxyradical, 
(3)anazidoradical, 

arylakanes wherein the alkane moiety has at least two The Substitution on the cycloheptenylnucleusoccursatan 
carbon atoms and tetraaryimethanes having an amino UnSaturatedcarbonatom whenthecycloheptenylmoietyis 
group Substitutedin at least one of the aryinucleiat- a conjugatedtrienewithnoaromaticstructurefusedthere 
tached to the alkane and methane moieties of the latter to However,ifthereisatleastone aromatic structure 
two classes of photoconductors whicharenon-leuco base 75fused to the cycloheptenylmoiety,then the substituents 
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are attached to a saturated carbon atom?Additional 
Dhotoconductorswithin this classareinciudedin One of 
thefolowingformulae: 

where E2andG2canbe either: 
(1)a phenylradical, 
(2)anaphthylradical, 
(3)a heterocyclic radical having5 to 6 atoms in the 

heterocyclic nucleus andat least one hetero nitrogen 
atOm, 

(4)a hydroxylradical,or 
(5)an oxygen containingradicalhavinga structure Such 

that the resultant cycloheptenyl compoundisa Sym 
metricalether; 

D2 can be any of the substituents defnedfor E2and G2 
above and is attached to a carbon atom in the cyclo 
heptenylnucleus havinga double bond;R9and R10,R11 
and R12,R5and R6,and R7and R8aretogetherthe neceS 
saryatomstocompleteabenzeneringfusedtothe cyclo 
heptenyinucleus;these compounds being more fulyde 
scribedin U.S.Ser,No.654,091,fled July18,1967,now 
Pat?No.3.533.786,issued Oct.13,1970. 
(F)Compounds containingan >N?N<nucleusin 

cluding: 
(1)unsubstituted and substituted N,N-bicarbazyis con 
tainingsubstituentsin either or both carbazolylnuclei 
Suchas: 
(a)an alkyl radicalincluding a substituted alkyl 

radical Such as a hakalkyl or an alkoxyalkyl 
radical, 

(b)a phenylradicalinchudinga substituted phenyk 
radical Such asa naphthyl,anaminophenylora 
hydroxyphenylradical, 

(c)a halogenatom, 
(d)anaminoradicalincludingsubstitutedas wellas 

Tnsubstituted amino radicals such as an alkyl 
amino or a phenylalkylaminoradical, 

(e)analkoxyradical, 
(f)a hydroxylradical, 
(g)acyanoradical, 
(h)a heterocyclic radical Such as a pyrazoyl, 

carbazolylorapyridylradical;or 
(2)tetra-substituted hydrazines containing substituents 
whichare substituted or unsubstituted phenylradicals, 
or heterocyclic radicals having 5 to 6atoms in the 
hetero nucleus,suitableresults beingobtained whenal 
foursubstituentsare not unsubstituted phenylradicals, 
i.e,ifat least one substituentisa substituted phenyl 
radicalora heterocyclic radical having5 to 6atoms 
inthe heteronucleus.Othertetra-substitutedhydrazines 
includingthose havingthe folowingformula: 

R5 

Ré 

wherein D1,E1,G1and J1are each either: 
(a)a substituted phenylradicalsuchasa naphthyl 

radical,an alkyl phenyl radical,a halophenyl 
radical,ahydroxyphenylradical,a haloalkyphenyl 
radical ora hydroxyalkylphenylradical,or 

(b)a heterocyclicradicalsuchasanimidazolyiradi 
cal,a furyl radical,or a pyrazolyl radical?In 
addition,J1andE1canalsobe 

(c)anunsubstituted phenylradical? 
Especialy preferredarethosetetra-substituted hydrazines 
wherein both D1 and G1are either substituted phenyl 
radicals or heterocyclic radicals?These compounds are 
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10 
nore fulydescribedin U.S.Ser?No.673.962,fledOct? 
9,1967,nowPat?No.3.542,546,issued Nov.24,1970? 

(G)Organic compounds havinga3.3^-bis-aryl-2-pyra 
Zohne nucleus whichis substitutedin eitherfve-member 
ringwith the Same ordiferentsubstituents.The 1and5 
positionson both pyrazolineringscan besubstituted byan 
arylmoietyincludingunsubstitutedaswelassubstituted 
arylSubstituentssuchasalkoxyaryi,alkaryl,akaminoaryl, 
carboxyaryl,hydroxyaryland haloaryl?The 4 position 
can contain hydrogen or unsubstitutedas Wellassubsti 
tutedalkylandarylradicalsSuch asakoxyaryl,alkaryl, 
alkaminoaryl,haloaryl,hydroxyaryl,alkoxyalkyl,amino 
alkyl,carboxyaryl,hydroxyalkyl and haloalkyl,Other 
1photoconductorsin this classare represented bythe fol 
lowingStructure: 

D3,D3?,J3andJa”can be eithera phenylradicalinchuding 
a Substituted phenylradicalsuchasa tolylradicalor 
a naphthyl radicalincluding a substituted naphthyl 
radical, 

E3,Ba',G3,G3?,L3and L3’can be any ofthesubstituents 
Setforthabove andinaddition can beeithera hydro 
genatom Oranalkylradicalcontaining1 to8carbon 
atoms,These organic photoconductorsare more fuly 
describedin U.S.Ser?No.664.642,fledAug.31,1967, 
now Pat?No.3,527.602,issuedSept.8,1970. 
(H)Triarylaminesin whichatleastone of thearyl 

radicalsisSubstituted byeitheravinylradicaloravinyl 
eneradicalhavingatleastoneactive hydrogen-containing 
group.The phrase“vinyleneradical”inchudessubstituted 
as Welas unsubstituted vinylene radicals and also in 
cludesthoseradicals havingatleastone andasmanyas 
three repeatingunits of vinylenegroups suchas 

whereinnisaninteger offrom1to3.Groupswhichcon 
tainactive hyrogenare welknownintheart,the defni 
tion ofthisterm beingsetforthinseveraltextbookssuch 
as“Advanced Organic Chemistry”R.C.Fuson,pp.154? 
157,JohnWiley&Sons,1950.Theterm“activehydrogen 
containing group”as used herein includes those com 
?ounds encompassed by the discussion in the textbook 
cited above and inaddition includes those compounds 
which containgroups which are hydrolyzable to active 
hydrogen-containinggroups.Typicalactive hydrogen-con 
taininggroupsSubstitutedonthevinyleneradicalofthetri 
arylamineinclude: 
(1)carboxyradcals, 
(2)hydroxyradicals, 
(3)ethynylradicals, 
(4)esterradicals(e.g, 

0 

???on 
wherein R13isalkyloraryl)includingcyclicesterradi 
cals(e.g, 

wherein R14isa cyclicalkyleneradicalconnectedto a 
vinylene combination Suchasisfoundincoumarinde 
rivatives), 
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(5)carboxylicacidanhydrideradicals, 
(6)Semicarbazonoradicals, 
(7)cyanoradicals, 
(8)acylhalideradicals(e.g, 

,0 

???o, 
etc.),and 

(9)amidoradicals(e.g, 
O R15 

???Y 
^s? 

wherein R15isa hydrogenatom,anakylgroup oran 
arylgroup)? 

Other active hydrogen-containing groups inchude Sub 
stituted and unsubstituted alkylidyne oximido radicals. 
Photoconductorsinchudedinthisclasscan berepresented 
bythefolowingstructure: 

Ar1 

/ 
Ar2 16R17 

wherein: 
(1)Ar1and Ar2are each a phenylradicalincludinga 

substituted phenylradical Such asa halo-phenylradi 
cal,analky1phenylradicaloranaminophenylradical, 

(2)Ar3isanaryleneradicalincludingasubstitutedaryl 
eneradicalsuchasaphenyleneradicalornaphthylene 
radical, 

(3)R16and R17are each hyrogen,a phenylradicalin 
cludinga substituted phenylradicalora lower alkyl 
radicaipreferably having1 to8carbonatoms, 

(4)Xiseither: 
(a)an active hydrogen-containinggroup Suchasa 

carboxyradical,anacyl halideradical,anamido 
radical,a carboxylic acid anhydride radical,an 
esterradical,acyanoradical,a hydroxyradical,a 
semicarbazono radical,an ethynyl radical,or a 
methylidyne oximidoradical,or 

(b)hydrogen,provided that when Xis hydrogen, 
R16and R17arealsohydogen,and 

(5)nisanintegerof1to3? 
The arylene nucleuscan be substitutedin anyposition by 
thevinylorvinylenemoiety.However,whenAr3isphenyl 
ene,particularygoodresultsare obtainedifthe substitu 
tionoccursinthe paraposition.Thesematerialsaremore 
fully describedin U.S.Ser. No.706,800,fied Feb?20, 
1968,Pat?No.3.567450,issued Mar.2,1971? 
(I)Triarylamines in which at least one of the ary1 

radicalsissubstituted by an active hydrogen-containing 
group.The term“active hydrogen-containinggroup”has 
thesamemeaningassetforthabove andagainincludes 
those compounds encompassed by the discussion in the 
textbook and additionaly includes those compounds 
which contain groups which are hydrolyzable to active 
hydrogen-containing groups?Typical active hydrogen 
containinggroups whichare substituted on anarylradi 
cal of the triarylamine include: 
(1)carboxyradicals, 
(2)hydroxyradicals,? 
(3)ethynylradicals, 
(4)esterradicals(e.g, 

0 

???on 
wherein R18isanalkyloranaryigroup), 

(5)1oweralkylene hydroxyradicals(eg,having1to8 
carbon atoms, 

(6)carboxylicacidanhydrideradicals, 
(7)1oweralkylene carboxyradicals(e.g,having2to8 
carbon atoms), 
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(8)cyanoradicals, 
(9)acyl halideradicals(e.g, 

O 

???ou 
etc.),(10)amidoradicals(e.g? 

wherein R19isa hydrogenatom,analkylgrouporan 
arylgroup), 

(11)lower alkylidyne oximidoradicals having1 to 8 
carbonatomsincludingsubstitutedalkylidyne oximido 
radicals(e.g, 

?C=NOH 

wherein R20is hydrogenoraloweralkylradicai), 
(12)Semicarbazonoradicals,and (13)arylene carboxyradicalsinchudingsubstitutedaryl 
ene carboxy radicals(e.g, 

wherein D4and E4are phenylorloweralkylradicals)? 
Photoconductorsincludedinthisclasscan berepresented 
by the folowing structure: 

A? 
N?Ar5??1 
/ 

Ar4 

Wherein: 
(1)Ar4and Ar5are each a phenyl radicalincludinga 

Substituted phenylradicalSuchasa halo-phenylradical, 
analkylphenylradicaloranaminophenylradical, 

(2)Ar6 is an arylene radical including a Substituted 
aryleneradicalsuch asa phenyleneradical oranaph 
thyleneradical,and 

(3)X1is anactive hydrogen-containinggroup such as 
a carboxy radical,an acyl halide radical,an amido 
radical,a carboxylic acid anhydrideradical,an ester 
radical,a cyanoradical,asemicarbazonoradical,a hy 
droxyradical,anethynylradical,amethylidyne oxim 
idoradicalora phenylene carboxyradical? 
These materialsare more fuly describedin U.S.Ser? 

No.706.780,fled Feb.20,1968,now Pat?No.3,658,520, 
issued Apr?25,1972? - 

(J)Organo-metalic compounds having at least one 
amino-arylsubsituentattached to a Group IVa or Group 
Va metalatom.The metalicsubstituents of this class of 
organic photoconductors are Group TVa or Group Va 
metalsinaccordancewith the PeriodicTable ofthe Ele 
nents(Handbook of Chemistry and Physics,38th ed? 
pp.394—95)andinclude silicon,germanium,tinandlead 
from Group IVa and phosphorus,arsenic,antimonyand 
bismuthfrom Group Va.These materials can be substi 
tutedin the metallo nucleus with a wide variety ofsub 
stituents butat leastone of the substituents must be an 
amino-arylradical?The aminoradicalcan be positioned 
anywhere on the aromatic nucleus,but bestresults are 
obtained if the aryl moiety is a phenyl radical having 
the aminogroupin the 4 or para position?Typicalsub 
stituents attached to the metal nucleus inciude the fol 
1owing: 
(1)a hydrogen,sulfur oroxygen atom, 
(2)an alkyl radical, 
(3)anarylradicalincludingunsubstitutedaswelassub 
stitutedarylradicalsSuchasamino-aryl,alkylaryland 
haloaryl, - 
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(4)an oxygen-containingradicalsuchas an alkoxy or 
aryloxyradical, 

(5)anaminoradicalinchudingunsubstituted and sub 
stitutedaminoradicalssuchasmono-and diarylamino 
andmono-and dialkylaminoradicals, 

(6)a heterocycicradical,and 
(7)a Group IVa orVa organometalicradcal, 
Photoconductorsincudedinthiscasscanbe represented 
by the folowingstructures: 

where B5,G5 L5and O5can be: 
(a)a hydrogen atom, 
(b)an arylradicalincluding unsubstitutedas wel 
assubstitutedarylradicalsSuch asa phenylradi 
cal,a naphthyl radical,a dialkylaminophenyl 
radical,or a diarylaminophenyl radical, 

(c)analkylradicalhaving1 to8carbonatoms, 
(d)an alkoxyradical having1 to 8 carbonatoms, 
(e)anaryloxyradical such asa phenoxyradical, 
(f)anaminoradical havingthe formula 

R21 

wherein R21and R22 can be hydrogenatoms or 
alkylradicalshaving1to8carbonatoms,or 

(g)a heterocyclic radical having5to 6 atoms in 
the hetero nucleusincludingatleastone nitrogen 
atom Such as a triazolyl,a pyridyl radical,etc.; 

Tis an amino radical such as an alkylamino radical 
having1 to 8 carbonatoms oranarylaminoradical 
such as a phenylaminoradical; 

Arisanaromaticradicalsuchas phenylornaphthyl; 
Ma1and Ma2arethe Same ordiferentGroup IVametals; 
M,isa Group Va metal; 
Dscan be any of the substitutents setforth above for 
E5,G5,L5 and Q5 and inaddition,can be a group 
IVa organo-metalic radical or,when taken with E, 
an oxygenatomora Sulfuratom; 

J5can be any of the Substitutents setforthabove for E5, 
G5,L5 and Q5and in addition,can be,whentaken 
with E,an oxygenatom orasulfuratom.Thesemate 
rialsaredescribedin U.S.Ser.No.650.664,fledJuly3, 
1967,nowPat?No.3,647429,issued Mar.7,1972? 
(K)Any other organic compound which exhibits 

Fhotoconductive properties such as those set forth in 
Australian Pat?248,402? 

Representative organic photoconductors usefulin this 
inventioninchudethecompoundsistedbelow: 
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TABLE II 

diphenylamine 
dinaphthylamine 
N,N^-diphenylbenzidine 
N-phenyl-1-naphthylamine 
N-phenyl-2-naphthylamine 
N,N-diphenyl-p-phenylenediamine 
2-carboxy-5-chloro-4-methoxydphenylamine 
D-aninophenol 
N,N-di-2-naphthyl-p-phenylenediamine 
4.4'-benzylidene-bis(N,N-dimethyl-m-toluidine) 
triphenylamine 
N,N,N”N-tetraphenyl-m-phenylenediamine 
4-acetyltriphenylamine 
4-hexanoyltriphenylamine 
4-lauroyltriphenylamine 
4-heXyltriphenylamine 
4-dodecyltriphenylamine 
4.4'-bis(diphenylamino)benzil 
44'-bis(diphenylamino)benzophenone 
poly[N,4?-(N,N”N-triphenyibenzidine)] 
polyadipyltriphenylamine 
Polysebacyltriphenylamine 
Polydecamethylenetriphenylamine 
poly-N-(4-vinylphenyl)diphenylamine 
poly-N-(vinyphenyl)-a,Y-dinaphthylamine 
4.4'-benzyidene-bis(N,N-diethyl-m-toluidine) 
4?4'-diamino-4-dimethylamino-2?2'-dimethyltriphenyl 
methane 

4"4"-bis(diethylamino)-2.6-dichloro-2?2^-dimethyl 
triphenylmethane 

4'4"-bis(diethylamino)-2?2'-dimethyldiphenyinaphthyl 
methane 

2?2'-dimethyl-44?4'-tris(dimethylamino)triphenyl 
nethane 

4?4'-bis(diethylamino)-4-dimethylamino-2?2'-dimethyl 
triphenylmethane 

4.4'-bis(diethylamino)-2-chloro-2?2'-dimethyl-4-di 
nethylaminotriphenyhmethane 

4?4'-bis(diethylamino)-4-dimethylamino-2.2?2'-tri 
methyltriphenylmethane 

4”4'-bis(dimethylamino)-2-chloro-2?2'-dimethyltri 
phenylmethane 

4?4'-bis(dimethylamino)-2?2'-dimethyl-4-methoxy 
triphenylmethane 

bis(4-diethyiamino)-1,1,1-triphenylethane 
bis(4-diethylamino)tetraphenyimethane 
4”4'-bis(benzylethylamino)-2?2'-dimethyltriphenyl 
methane 

4/4'-bis(diethylamino)-2?2'-diethoxytriphenylmethane 
4,4'-bis(dimethylamino)-1,1,1-triphenylethane 
1-(4-N,N-dimethylaminophenyl)-1,1-diphenylethane 
4-dimethylaminotetraphenylmethane 
4-diethylaminotetraphenylmethane 
44'-bis(dphenylamino)chalcone 
4-diphenylamino-4-dimethylaminochalcone 
4-dimethylamino-4-diphenylaminochalcone 
4.4'-bis(dimethylamino)chalcone 
4,4'-bis(diethylamino)chalcone 
4-diethylamine-4'-diphenylaminochalcone 
4-dphenylaminochalcone 
4-dimethylaminochalcone 
4'-diphenylaminochalcone 
4'-dimethylaminochalcone - 

bis-[5-(5H-dibenzo[a,d]cycloheptenyl)]ether 
5-hydroxy-5H-dibenzo[a,d]cycloheptene 
1-{5-(5H-dibenzo[a,d]cycloheptenyi)}-4.5-dicarbo 

methoxy-12.3-triazole 
1-{5-(5H-dibenzo[a,d]cycloheptenyl)}-4.5-dibenzoyl 

12.3-triazole 
5-azido-5H-dibenzo[a,d]cycloheptene 
1-{5-(10,11-dihydro-5H-dibenzo[a,d]cycloheptenyl)}- 
4,5-dicarbomethoxy-1,2.3-triazole 
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tricalyconductingsupports,forexample,paper(atarela 
tive humidity above 20percent);aluminum-paper lami 
nates;metalfois Such asaluminum foil,Zinc foil,etc.; 
netal plates,Such asaluminum,copper,Zinc,brassand 
galvanized plates;Vapor deposited metallayers Such as 
siver,nickel,aluminum and the like coated on paper 
orconventionalphotographisfimbasessuchascelulose 
acetate,polystyrene,etc?Such conducting materials as 
nickelcanbecoated byvacuum depositionontransparent 
film supportsin suficientlythin layersto alowelectro 
photographicelementspreparedtherewith to be expoSed 
from either side of such elements?An especialy useful 
conductingsupport can be prepared by coatinga Support 
material such as poly(ethylene terephthalate)with a 
conductinglayer containingasemiconductordispersedin 
a resin?Such conducting1ayers are described in U.S. 
Pat.3.245,833.Likewise,asuitableconductingcoatingcan 
bepreparedfromthe sodiumsaltofacarboxyesterlactone 
of maleicanhydride anda vinylacetate polymer?Such 
kindsofconductinglayersandmethodsfortheiroptimum 
Preparationanduseare disclosedin U.S.3,007.901and 
3.267,807. 

After conductive layeris deposited,itis overcoated 
witha1ayerofasolventswellable,electricalyinsulating 
polymeric layer characterized in thatit has a greater 
afnityforthesensitizingdyethandoesthephotoconduc 
tivelayer.Usefulsubcoatingmaterialsarethree-andfour 
component addition copolymers prepared by aqueous 
emulsion co-polymerization?Preferred polymersare cer 
tain hydrosolterpolymers containing vinylidene chloride 
asamajorconstituent,suchasaterpolymer drivedfrom 
methylacrylate,vinylidene chloride and an unsaturated 
diacid suchasacrylicacid oritaconicacid. Particulary 
Preferred polymers are hydrosoltetrapolymers contain 
ingacrylonitrileinaddition to the above constituents?Of 
the terpolymers,the preferred polymers have a weight 
composition offromabout4toabout20 percentofunits 
derivedfromethylacrylate,fromabout15to about 90 
percent of units derived from vinylidene chloride,and 
fromabout9.5toabout10percentofunitsderivedfrom 
itaconic acid,Of the tetrapolymers,the most preferred 
polymers have a weight composition offromabout5to 
about20percent of units derived from ethylacrylate, 
from about5to about20percent of units derivedfrom 
acrylonitrile,fromabout15to about90percent ofunits 
derivedfrom vinylidene chloride,andfrom about0.5to 
about10percent of units derived from acrylic acid Or 
itaconicacid.Polymersofthistypeare disclosedin U.S. 
Pat.3,143,421.Otherusefulmaterialsalsoincludethe so 
caledtergelswhicharethe subjectof Nadeauetal.U.S. 
Pat3.501.301,issued Mar.17,1970. 
The polymeric subbing layers usefulforthe practice 

ofthisinvention havein common the property of being 
readiyswolenbutnotdissolvedbythe solventcontained 
in the photoconductive composition to be coated Over 
them.Whiletheyaresoswolen,the dye containedinthe 
overiying photoconductive layer preferentialy migrates 
fromthephotoconductive layerintothe Subbinglayerto 
causepartitioningofthedyebetweenthephotoconductive 
1ayerandthe subbinglayer.Thiscan be morereadiyun 
derstood byreference tothe drawings,FIG.1showsin 
schematic cross-section typical dye-sensitized organic 
photoconductor-containingelementaccordingtotheprior 
art.Itisseenthatthedyeissubstantialyuniformlydistrib 
utedthroughoutthe depth ofthe photoconductive layer, 
Elements havingthisstructureingeneraldonotshowthe 
enhanced speeds obtainable with elements prepared ac 
cordingtothisinvention? 
FIG,2 shows in schematic cross-Section a dye-Sen 

sitized organic photoconductor-containing element ac 
cordingtothisinvention?Theelement comprisesa con 
ductive supportasin FIG,1,overwhichiscoatedasub 
bing1ayer which,inturn,carries the photoconductive 
1ayer,Duringcoatingofthe photoconductive layerfrom 
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18 
a dye-sensitized photoconductor-containingsolution,itis 
foundthatthe Subbinglayerservestoconcentratethedye 
from the Solutionintothe subbinglayer,sothatamajor 
Dortion of the dye is presentin the subbinglayerafter 
the Solvent has been removedfrom the photoconductive 
layer, 
The extent ofthe partitioning ofthe dye dependsto 

Some extentonthe concentration ofthedyeinthe photo 
conductor-containingsolution.Ifthe concentrationisrela 
tiveylow,thatis,lessthanabout3 percent byweight 
based on the dry weight of photoconductor phus binder, 
Substantialy al of the dye appearsto be presentin the 
Subbinglayer,asjudged bytheappearance of colorcross 
Section photomicrographs,When the weight concentra 
tion of the dyeissubstantialygreaterthan this1evel,a 
significant portion of the dye isseen toremainin the 
photoconductive layer,Additionaly,a gradient of dye 
concentrationis noticedin the photoconductive layerat 
these higher dye levels,with the portion of the photo 
conductive layerfurthestremovedfrom the subbinglayer 
containing relatively more dye than the portion closest 
to the subbing1ayer? 

Itwilberealized,of course,thatitis possibletocon 
centrate sensitizing dye in the frst polymeric layer by 
merely coating a Solution containing the dye onto the 
layerdirecty before coatingthe organic photoconductor 
containingsolution ontothe layer.This,however,would 
involve an extra coating step,whichisavoided bythe 
nethod of thisinvention? 
Whie itis notintended that the invention be bound 

to a particulartheory or mechanism,the folowing ex 
planationmayservetoclarifythereasonsforthe speed 
increases obtainedusingthe methodandelements ofthis 
invention?Many organic photoconductive compounds in 
common useare p-type,thatis,they operate bythegen 
erationand conduction of positive holes(asthemajority 
carriers)duringeXposuretoactinicradiation?Whensuch 
compoundsare coatedin the form ofa1ayer ona con 
ductive Supportandthe layeriselectricallycharged,the 
surface ofthe layerat whicha positivechargeresidesis 
the surface at which theabsorption oflightshould bea 
maximum for optimum results.Ifthe externalsurface of 
the layeris negativey charged,the positively charged 
surfaceistheinterface ofthe photoconductivelayerwith 
the conductive substrate,Optimum resultswith negative 
chargingshouldtherefore be obtainedifthe dye can be 
concentratedatthisinterface,Whathas been discovered 
isamethodforconcentratingthe dyeinthe desired posi 
tion,usingnospecialoradditionalcoatingortreatment 
operations.Aswillbeseeninthe examples,the efectof 
dye localization on increased negative speeds becomes 
lessasthe dye concentrationin the photoconductor-con 
tainingsolutionisraised.Thisis because thereisalimit 
totheamountof dye whichthe subbinglayer canabsorb 
outofthesolution.Whenthe1ayer hasabsorbedal1that 
it can,mostof thedyeis,of course,absorbedfrom that 
Dortion of the photoconductor-containing1ayeradjacent 
to the Subbing1ayer,whie a decreasingamountisab 
Sorbed from those portions of the photoconductor-con 
taininglayerfurtherremovedfrom the subbing1ayer,If 
n-type photoconductors are used,of course,the same 
efectshould be noticed when positive polarity ofsurface 
charge isemployed, 

After the frst polymeric layer or subbing1ayer has 
been coated,itis overcoated with a photoconductive 
composition comprising an organic photoconductor,a 
sensitizing dyeand,whennecessary,a polymeric binder? 
Preferred bindersusefulin the practice ofthisinvention 
comprise polymers havingfairly high dielectric strength 
whicharegoodelectricalyinsulatingfilm-forming vehi 
cles?Materials of this type comprise styrene-butadiene 
copolymers;silicone resins;styrene-alkydresinssicone 
alkyd resins;soya-alkyd resins poly(vinyl chloride); 
?oly(vinyidene chloride);vinylidene chkride-acryloni 
trile copolymers;poly(vinylacetate);vinylacetate-vinyl 
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chloride copolymers;poly(vinyl)acetals),Suchas poly 
(viny1butyral);polyacrylicand methacrylicesters,Such 
aspoly(methylmethacrylate),poly(n-butylmethacrylate), 
poly(isobutylmethacrylate),etc.;polystyrene nitrated 
Dolystyrene,polymethylstyrene;isobutylene polymers, 
polyesters,suchas poly(ethylene alkaryloxyalkyleneter 
ephthalate);phenolformaldehde resins ketoneresins; 
Dolyamides,polycarbonates polythiocarbonates poly 
(ethylenegycol-co-bishydroxyethoxyphenypropane ter 
ephthalate);nuclear substituted polyvinyl haloarylates, 
etc. Methods of making resins of thistype have been 
Idescribed in the prior art,for example,Styrene-alkyd 
resinscan be preparedaccordingtothe methoddescribed 
in U.S.Pats?2.361,019and2.258,423.Suitable resins of 
the type contemplated for use in the photoconductive 
1ayers of the invention are sold under such trade names 
as Vitel PE?101,Cymac,Piccopale 100,Saran F—220 
and Lexan105.Othertypes of binderswhich can be used 
in the photoconductive layers of the invention include 
such materialsas parafn,mineral waxes,etc? 

Solvents of choice for preparing the photoconductive 
1ayers in accordance with this invention can include a 
number of solvents such as benzene,toluene,acetone,2- 
butanone,chlorinated hydrocarbons,e.g,methylenechlo 
ride,ethylene chloride,etc.,ethers,e.g?tetrahydrofüran, 
or mixtures of these solvents,etc. Preferred Solventsare 
halogenated lower alkanes having from 1 to about 3 
carbon atoms,with dichloromethane being particularly 
Preferred, 

In preparingthephotoconductive coatingcomposition, 
useful results are obtained where the photoconductor 
substanceis presentin anamountequaltoatleastabout 
1weight percent of the coatingcomposition?The upper 
limitin the amount of photoconductorsubstance present 
can be widely variedin accordance with usual practice? 
Inthose caseswherea binderisemployed,itisnormaly 
required that the photoconductor substance be present 
in anamountfrom about1 weight percent of the coat 
ingcompositiontoabout99weight percentofthe coating 
composition?Apreferredweightrangeforthe photocon 
ductor substance in the coating composition is from 
about10 weight percent to about 60 weight percent? 

Coating thicknesses of the photoconductive composi 
tion on a Support can vary widely?Normaly,a coating 
intherange ofabout0.001inchtoabout0.01inch before 
dryingis usefulfor the practice of thisinvention?The 
?referredrange of coatingthicknessisfoundto beinthe 
range fromabout 0.002inch to about 0.006inch before 
dryingalthough usefulresultscan be obtained outside of 
this range? 

In the same manner,the coatingthickness of the sub 
bing1ayercan vary widely. Normaly,the drythickness 
can vary betweenabout0.03 micron to about1.0 micron, 
withathickness between about 0.05micronto about 0.5 
micron being preferred?Of course,it wilbe understood 
thatuseful results can be obtained outside of this range, 
and that the particular thickness chosen depends also 
on thethickness ofthe photoconductive1ayerto becoated 
overthe Subbinglayer?Bestresultsarenormaly obtained 
whenthe thickness ofthe subbing1ayerisnogreaterthan 
aboutten percentofthe thicknessofthe photoconductive 
layer,although for certain applications,dimensions out 
side oftheselimitsmay be usefuloreven preferred? 
Theelements ofthe presentinvention can beemployed 

in any of the wel-known electrophotographic processes 
Whichrequirephotoconductive layers?One such process 
isthe Xerographic process,In a process of thistype, 
an electrophotographic elementis heldin the darkand 
givena blanketelectrostatic charge by placingitunder 
a corona discharge,This uniform chargeisretained by 
thelayerbecause ofthe substantialdarkinsulating prop 
Srty ofthe layer,ie,the1owconductivity ofthe1ayer 
inthe dark,The electrostatic chargeformedonthesur 
face ofthe photoconductive ayeristhenselectiveyds 
spatedfrom the Surface ofthe layerbyimagewise ex? 
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Dosure to light by means of a conventional eXpoSure 
operation suchas,forexample,bya contact-printingtech 
nique,or by lens projection of animage,and the like, 
to therebyforma latentelectrostaticimagein the photo 
conductive layer?Exposing the surface in this manner 
formsa pattern ofelectrostatic charge by virtue of the 
fact thatlightenergy strikingthe photoconductor causes 
the electrostatic chargein the lightstruckareasto be con 
ducted away from the Surface in proportion to the in 
tensity of theiluminationina particular area? 
The charge pattern produced by eXposure is then de 

Veloped or transferred to another surface and developed 
there,ie,eitherthe charged orunchargedareasrendered 
Visible,by treatment with a medium comprisingelectro 
Statically responsive particies having optical density.The 
developing electrostaticaly responsive particles can be 
intheform ofadust,ie,powder,apigmentinaresinous 
carrier,i.e,toner?Apreferred method of applying such 
tonertoalatentelectrostaticimage forsolidareadevelop? 
nentis bythe use ofamagnetic brush?Methodsofform 
ing and using a magnetic brush tonerapplicatorare de 
Scribed in the following U.S,patents:2.786.439;2,786,- 
440;2,786451;2,811465;2,874,063;2.984,163;3.040 
704;3,117884;andReissue25779.Liquiddevelopmentof 
the latentelectrostaticimage mayalso be used?In liquid 
development,the developingparticlesare carried to the 
image-bearing Surface in an electricalyinsulatingliquid 
carrier?Methods of development of thistypeare widely 
known and have been describedin the patentliterature, 
for example,U.S.Pat?2,907,674andin Australian Pat? 
212.315,In dry developing processes,the most widely 
used method of obtainingapermanentrecordisachieved 
bySelectinga developingparticle which hasasone ofits 
components a low-melting resin?Heating the powder 
image then causes the resintomeitorfuseinto or on 
the element?The powderis,therefore,caused toadhere 
Permanenty to the Surface of the photoconductive1ayer? 
In Othercases,atransferofthe electrostaticchargeimage 
formed on the photoconductive layer can be made to a 
Second Support Such aspaper which would then become 
thefinalprintafter developmentand fusing.Techniques 
of thetypeindicatedare wel?nowninthe artand have 
been describedina number of U.S.andforeign patents, 
Such as U.S.Pats,2.297,691and2,551.582andin“RCA 
Review”vol.15(1954),pp.469–484, 
The folowing examples are included for a further 

understanding of the invention? 
EXAMPLE 1 

ASeries of coating dopesis prepared,each of which 
contains the folowingingredients: 
Binder?poly(44'-isopropylidene-diphenylene car 

bonate??????|????????????????????????? ??? 1.6 
Photoconductor?triphenylamine ?????????? ??? 0.4 
Sensitizer?6.6'-dichloro-1?1?3.3”-tetraphenyl 

imidazo[45-b]quinoxalinocarbocyanine p-tol 
°nate --------------------------- Varies 

Solvent?dichloromethane??????????????? nl?? 11.7 

The dye concentrationinthe dopesissetatfourdiferent 
levels of 0.01%,002%,0.04% and 0.08% byweight 
based on the weightofsoidsin the dopes.Theingredi 
entsarecombinedwithmildstirringuntila uniformsoiu 
tion reSults,The dope is coated ata wetthickness of 
9004,inch on,a conducing support comprising poly 
(ethyleneterephthalate)flm base bearinga 1ayer of 
evaporated nickel having an optical density of about 
04,whichinturnbearsa ayer ofone oftwopolymeric 
materials?The first material,identifedas“A”inTable 
I?,comprisesa terpolymer ofabout15weight percent 
9fmethylacylate Units,about83weightpercentofvinyl 
?ene chloride units,and about2weight percent of 
jtaconicacid units.Thesecondmaterial,identfedas“B” 
inTableI,comprisesatetrapolymerofabout10weght 
Percent ofmethylacrylate Units,about15weightpercent 
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ofacrylonitrie units,about69 weight percent of vinyl 
idenechloride units,andabout6weightpercentofacrylic 
acid units?Asa control,another piece offim Support 
is coated with a conductinglayer comprisingthe Sodium 
Salt of a carboxy ester lactone ofa copolymer of maleic 
anhydride and vinylacetate,as disclosedin Minsketal? 
U.S.Pat,3,260.706,issued July12,1966?After coating, 
the elementsare dried by holdingthematroom tempera 
tureforatleast24 hourstoremoveresidualsolvent,The 
thus cured elements are each charged in turn under a 
negative corona Source until the surface potential,as 
measured by an electrometer probe,reachesabout 600 
Volts?The chargedelementisthenexposed toa3000°K? 
tungstenightsource throughastepped densitygrayscale? 
The exposure causes reduction of the surface potential 
of the element under each step of the gray scale from 
itsinitialpotential,Vo,tosome lowerpotential,V,whose 
exact Value depends on the actualamount of eXposure 
in meter-cande-Secondsreceived bythe area?The results 
Of these measurements are then plotted on a graph of 
Surface potential P vs?1ogeXposure foreach step?The 
actual negative speed of the photoconductive composi 
tion can then be expressed in terms of the reciprocal 
of the eXposure required to reduce the Surface potential 
to any fixed arbitrariy selected value?Herein,unless 
Otherwise stated,the actualnegative speedisthe numeri 
cal eXpression of104 divided by the exposure in meter 
candle-Seconds required toreduce the 600 voitcharged 
Surface potential to a value of 100 Volts?Speeds thus 
determinedare referred toasnegative100volttoespeeds? 
Speeds obtained in this manner are listed in Table II 
below, 

TABL?TII 

Speedat? 
Dye Concentra 
tration,g? Sub“A”Sub“B” Contro? 

99---------------------------- ?2 Q 
29 ??2 
45 l?6 
50 5.7 

The table clearly showsthe Speedadvantagegainedusing 
the method andimproved elements of thisinvention? 

EXAMPLE2 

The procedure of Example 1isfolowed usinginstead 
the Sensitizer 6-chloro-1^-methyl-1.2?3^-triphenylimidazo 
[45-b]quinoxalino-3'-indolocarbocyanine p-tolueneSulfo 
nate ata concentration of 0.016gramsin the same com 
position?The Speed of an element containing Sub“B” 
Of Example 1is meaSurably greaterthan that ofan ele 
ment comprising the control Sub of Example 1?Again, 
the advantage gained using the method and improved 
elements of thisinventionisclearly Seen? 

EXAMPLE 3 
The procedure of Example 1 is folowed usinginstead 

the binder poly[4,4'-isopropylidenebis(phenyleneoxyeth 
ylene)-co-ethyleneterephthalate]andthesensitizerof Ex 
ample 1 in an amount of 0.016 gram?The speed ofan 
element comprisingSub“A”of Example 1is70,while 
the Speed of an element comprisingthe controlsub of 
Example 1is40.Again,thereisseento beaclearadvan 
tage tothe use ofthe methodandelementofthisinven 
tion? 

Theinvention hasbeen describedindetailwith particu 
lar reference to certain preferred embodiments thereof, 
butit wilbe understoodthatvariationsandmodifications 
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can be efectedwithin the spiritandscope of the inven 
tion? 

I claim: 
1?Inadye-sensitizedelectrophotographicelementcom 

Drisingin Sequence a conductive Support,afirst polymeric 
layer and a homogeneous photoconductive layer,the 
photoconductive layer comprisingan organic photocon 
ductor,an electricaly insulatingfilm-forming polymeric 
binderforthe photoconductor and a Sensitizing dye for 
the photoconductor,the improvement wherein the frst 
polymeric layer comprises a terpolymer(a)having a 
greaterafinityforthe Sensitizingdye than doesthe pho 
toconductive layer and(b)containing a major portion 
of the sensitizingamount of the Sensitizing dye Said ter 
?olymer comprising vinylidene chloride groups as the 
major constituentand methylacrylate groups and acid 
groups Selectedfrom the group consisting ofitaconicacid 
groups and acrylicacidgroupsas minor constituents? 

2?Inadye-Sensitizedelectrophotographicelementcom 
prisinginsequence a conductive Support,afirst poymeric 
1ayeranda homogeneous photoconductive layer,the pho 
toconductive layercomprisingan organic photoconductor, 
an electricaly insulating flm-forming polymeric binder 
forthe photoconductoranda Sensitizingdyeforthe pho 
to conductor,the improvement wherein the frst poly 
mericlayercomprisesatetrapolymer(a)havingagreater 
afinity forthe Sensitizing dye than does the phoconduc 
tive layer and(b)containing a major portion of the 
Sensitizingamount of the sensitizing dye Said tetrapoly 
mer comprising vinylidene chloride groupsasthe major 
constituent and methyl acrylate groups,acrylonitrie 
groups,and acid groupSSelected from the group consist 
ing ofitaconic acid groups and acrylic acid groups as 
minor constituents? 

3?Inadye-sensitizedelectrophotographicelementcom 
?risingin Sequence a conductive Support,afrstpolymeric 
layer and a homogeneous photoconductive layer,the 
Photoconductive layer comprising an organic photocon 
ductor,an electricalyinsulatingfim forming polymeric 
binderforthe photoconductoranda sensitizingdye for 
the photoconductor,the improvement wherein the frst 
Polymeric layer comprisesa polymeric material(a)hav 
ing a greater afinity for the Sensitizing dye then does 
the photoconductive layer and(b)containinga major 
portion of the Sensitizingamount of the sensitizingdye, 
Said polymercomprisingfromabout5toabout20percent 
by weight of methylacrylate groups,from about 5 to 
about20percent byweight ofacrylonitrie groups,from 
about 15 to about 90 percent by weight of vinyidene 
chloridegroups,andfromabout0.5toabout10percent 
by weight ofacrylicacidgroups? 
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? UNT??)STATES PATENT OFFICE 
CERT?0AT? OF CORR?CTION 

PatentNo,3,814,600 Dated June 4?1974 
Inventor(s) ?· E? COntOiS 

It Ls certified that error appe&rs in the above?ldentified patent 
and that sadd Letters Patentare hereby corrected as shown below: 

Column 3?1ine 29?"in" should read??is??; 
Column 7?1ine 5?"1?3?31trimethyl" should read 
??l?3?3?trimethyl??? - 

column11?1ine 14?"akly1" should read??alkyl??? 
Column L2?Line 33?the formula reading: 

Column13?struc?ure(4)that part of the structure readlng> 

11 *?? " should read ?? *?? ??? 
G5 5 

Column 13,1ine 36? "? shOUld read --95--> 
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? UNITED STATESPATENT OFFICE 
CERTIFICATE OF CORRECTION 

Patent No,3,814,000 Dated June 4,1974 

Inventor(s) L,??COntOiS 

It1s certfied thaterrorappears tn the above?tdentified patent 
and that said Letters Patent are hereby corrected as shown below: 

? “ ? 

Column l5??ine 5,that part of the line reading: 
" [5?(55H?" should read ??[5?(5H- ??; 
Column 15,1ine 71,"N,N'?" should read ?? N?N???; 

Column L6?1ine 49?"arisine" should read ??arsine??; 
Column17,1ine 7,"photographis" should read--photo 
graphiC??? 

Column 17?1ine 23,insert the word ??the?? after "after"; 
Column 17?1ine 3L?"drived" should read ??derived??; 
Column 17,1ine 40,"9.5" should read??0.5??; 

Column20?1ine23?"2?786?451" should read--2?786?441??; 
Column 20,1ine 65,"conducing" should read??conducting??; 

1 Column 22?1ine 27?"phoconduc?" should read 
??photOCOndUC???? 

Signed and sealed this 12th day of November 1974? 

(SEAL) 
Attest: 

McCOY M… G?s9N JR? C?MARSHALL DANN 
LAttesting Officer Commissioner of Patents ? 

  


