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Abstract Experimental

Triphenylamine oligomers (OTPAs, n=4-10) were Materials

synthesized by dehalogenation polymerizatioh 4H4'- 4, 4'-dichlorotriphenylamine was prepared as following
dihalogentriphenylamines. The OTPAs are a white powdemanner. 4,4’-diaminotriphenylamine was diazotatebyid-
which is stable on exposure to the air and soluble irrochloric acid (ag.) at2° C in an argon atmosphere (Fig.
benzenechlorobenzene, chloroform and THF. The OTPAs1). Then the reaction mixture was added to the saoluwfo
were characterized by IR, H-NMR @&nUV-visible  CuCl in hydrochloric acid under stirringThat was
spectroscopy measurements. OTPA films prapaby  Sandmeyer reaction (Fig. 2), whihh had a radical
castirg from solutionsor vapor deposition exhibit a high mechanism d halogen-complex organo-cuprate
drift mobility of holes and accordingly double lay@ganic  intermediaté The organic residue was recovered by
photoconductors including the OTPlayer show a high filtration and washed tho-roughly with wat&the monomer

electrophotographic sensitivity. was dissolved into benzene and heated endtitring. Any
_ insolubke matterwas removed by filtration, and the filtrate
Introduction was poured into hexane under stirringeTasultirg filtrate

was evaporated and the red wihs chromatographe on

While the recent advancement of performance ofsilicagel with hexane elution and recrystallized from acetic
organt photoreceptorhasmade them applicable to high- acid to give a white crystalline powdeYield: 44.2%.
speed copying machines danprinters the-state-of-art Mp°C.. 83 C. Anal. Calc. for GH NCI,: C, 68.79; H,
organic photoreceptors are not necessarily suffician 4.14;N, 4.46; Cl, 22.61. Found: C, 68.72 ; H, 4.43; N,4.47,
termsof performane when applied to high- speed copying Cl, 22.38. The same monomer obtained througbllamann
machines and printers. In particylaimprovement in reaction between aniline dn4-chloriodobenzem with
durability of organic photoreceptoisas been demanded. copper powder and potassium carbohdted Mp. 83-
Although moleculary doped polymer systemghich are  84.5°C.
widely used as charge transporting layff3Ls) exhibit 4, 4-Dibromotriphenylamine was obtahé the same
satisfactory electrical characteristics, they inherently have manne as 4, 4'- dichlorotriphenylamine except that hyd-
poor abrasion resistance becauseatidition of the charge rohloric acid was changed on hydrobromic acid and 4, 4'-
transporting molecules to the binder polymer causes dibromotriphenylamine was the light oil. Yield: 47.5%.
deterioratim of a mechanical strength of the binder, and H0
therefore, the CTL is fragile and $alow tensik strength. +
It is considered that thegabove-mentidrdeteriorati@gof NHT@_N_@_NHf 2NaNO+HCl —
the mechanicaktrength of the binder polymer causes CTL
disadvantages such as wears, flaws, peeling$,ceacks.
Further, when applied to electroluminescerevices a
low-weight molecular CTL tends to melt due denerated - o+ +_ —
Joule’sheat and to crystallize, which cause morphologic Cl[N:N_@_N@_N:N]CI *2NaCl +4H0
changes of the film. This paper describes the syntludsis
oligomerictriphenylamines, its xerographic properties with
expectation of eliminatlp the above-mentioned
disadvantages. Figure 1. The diazotation of 4,4-diaminotriphenylamirie

hydrochloric acid (aq.)
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Bis-(triphenylphosphine)  nickel dichloride was Preparation of OPC using DEH, TPD and Oligomeric
prepared according to the literature metho®ther TPA as Hole Transport Material (HTM)

chemicals were commercially obtained. A dual layer type OPC film (Figure 4) which was
comprised of oligomeric TPA as HTM consisted of an

- + + - HCI aq polyethylenterephthalate substrate with,QpSnQ, (9:1)
CI[NEN—@—N—@—NEN]CI + CuyCl, — electroconductive layer, a barrier-adhesion layer (BAL) of

0.8-1.2 microns thick, a generation layer of 0.5-0.8 microns
thick, and a transport layer of 8-12 microns thick. Barrier-
adhesion layer was cast from a solution of a milk casein or
polyamide (PA 6/66/610). Charge generation layer was
Cl_@N_@Cl + CuCly+ Cu + N composed of metallic phtalocyanine (TiOPc) pigment
dispersed in polyvinylethylale (2:1). Charge transport layers
(CTL) were either 4-(diethylamino)benzaldehyde diphenyl-
hydrazone (DEH), N,N’-diphenyl-N,N’-bis(3-methyl-
, , L , , phenyl)-[1,1’-biphenyl]-4,4’-diamine (TPD) and oligomeric
Figure 2. The preparanon of 4, 4-dichlorotriphenylamine by Tpa dispersed PC or TPD and oligomeric TPA without
Sandneyer reaction polymer binder. The layers were prepared by the doctor
blade, the dip coating methods and by vapor deposition.
Polymerization TiOPc has been produced from phthalonitrile and ,TiCl
Oligomeric triphenylamines were synthesized byThe product was then washed with water and with organic
nickel-promoted dehalogenation polymerization of 4, 4-solvents, treated with acid paste and finally again washed
dihalogentriphenylamines (Fig. 3). A mixture of 2 g (6.4Wwith water and organic solvents. Further it was crushed by
mmol) of monomer, 0.65 g (2.5 mmol) of triphenyl- vibration and ultrasonic mill. DEH has been synthesized
phosphine, 0.84 g (1.28 mmol) of bis-(triphenylphosphinefhrough the equimolar reaction of 1,1’-diphenylhydrazine
nickel dichloride, 1.58 g (24.2 mmol) of zinc dust and 30and 4-(diethylamino) benzaldehyde. Then the crude
ml of de-aerated dry N-methyl-2-pyrrolidone (NMP) washydrazone was recrystallized with ethanol or n-hexane.
stirred at 58 C for about 3 (OTPA-1), 8 (OTPA-2), 24 TPD (ST 16/1.2, SynTec GmbH) was used without
(OTPA-3) hrs under an argon atmosphere. After thdurification. PC-3 (PO " Zarya”, Russia) with molecular
polymerization the reaction mixture was filrated andweight equal to ca 30000 and with melting index (168
poured into 11 of 10% hydrochloric acid (ag.). TheC/1.2 kg) equal to ca 7.1-7.6 g/10 min< was used as
precipitated pale yellow oligomers were washed with watepolymer binder (PB) for CTL.
and acetone and separated by filtration. Then the dried
oligomers were dissolved in chloroform and reprecipitated
in diethyl ether and hexane for six times. The resulting - CcTL
oligomers were obtained as white powders, were soluble in
chlorobenzene, benzene, chloroform, NMP and were stable

in air. Yield for oligomeric TPA from 4, 4’-dibromo- | T CGL
triphenylamine and 4, 4’-dichlorotriphenylamine was from | |
75% to 85%. BAL

The oligomeric PTPA-3 give log value of 0.08 dL ¢
in NMP at 28 C and show Mn and Mw values of 1250 and
2300, respectively, as determinated by GPC (eluent = THF;
vs. polystyrene). At shorter polymerization time, e.g. 3 and
8 hrs, the oligomers show lower Mw values of 1154 and Figure 4. Schematic diagram of dual layer OPC
1680, respectively.

Substrate

Ni(PPhg)CIZ Sensitivity _$ (glxxs)'1 (\j/vas dﬁtermined b)r/] recigroca]l
—<:>_ _@ + 3 exposure required to reduce the corona charged surface
cl N Cl+2zn potential to halfvalue. Charge carrier mobility in CTL was
measured by conventional time-of-light (TOF) techniues
For these measurements, sandwich type samples were
prepared by casting of corresponding solution onto a
polished stainless steel substrate and dried at 8@9Uhe
CI‘G@*N’@CI + ZnCl, thicknesses of CTLs were 4.6-6.6 microns. A generation
n layer (selenium or titanium oxide phtalocyanine) of 0.2-0.3
microns thick was deposited on CTL free surface and
finally an upper aluminium semitransparent electrode was
deposited on it. Both the generation layer and the upper
Figure 3. The preparation of oligomeric TPA electrode were deposited by thermal evaporation in vacuum
of 10°10° Torr. A 337.3 nm N laser pulse of 10 ns
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duration absorbed by the generation layer was used for tleectrophotographic characteristics of oligomeric TPA
photogeneration of the free charge carriers. Transienmprove with increasing their molecular weights. Thus, the
currents were recorded by a digital oscilloscope Tektroniphotosensitivity of PTPA-3 is almost comparable to those
TDS340A. Measurements were carried out at small signalf DEH and TPD.
mode of TOF: « 0.1 CV, where q is an injected charge, C Figure 6 shows the hole drift mobility as a function of
is the sample capacitance, V is the applied voltage. Thelectric field strength for OTPA doped polycarbonate PC-3
relative permittivity of polymeric films was calculated from and OTPA without polymer binder. As follows from Figure
data of high-frequency conduction measurements madg, the mobility of OTPA doped PC-3 (1:1) was less than
with an accuracy of 10%. The thickness of films wasones for TPA DEH and TPD, while the mobility of pure
measured with microinterferometres Mll-4 or MII-40. Both PTPA (= 2x10° cnt /(Vxs), F**=800 (V/cm}j?) was one or
xerographic and TOF measurements were carried out &vo orders of magnetude higher than these data. The
room temperature. increase in the hole drift mobility for pure PTPA can be
Figure 5 shows IR spectra of oligomeric TPA (a) and 4attributed to the fact that a favourable conformation of
4’-dichlorotriphenylamine (b). The IR spectrum of 4, 4'- polymer chains to charge carrier transport was formed in
dichlorotriphenylamine showed 5 bands at 1290 (1310)}he self-ordered polymer photoconductor.
1480, 1580, 820 and 710 ¢massignable to the C-N
stretching vibration of tertiary amines, the C-C skeleton
vibration and the C-C stretching vibrations, the C-HTablel. The electrophotographic sensitivity of
deformation of 1,4-disubstituted benzene rings and the C-Qihotoreceptors with different OPC. CTL is OPC+PC-3
stretching vibration, respectively. The IR spectrum of oligo{1:1), CGL is TiOPc + PVB (2:1).

meric TPA contains the same absorption bands attributed fo Photo- OPC M, Photosensitivity,
the triphenylamine structure, but the band at 710 eras receptor, S, (Ixxs)*
too weak, due to the C- CI stretching vibration of thg No
terminal benzene rings. These results indicate that a C{C 1 PTPA-1 1154 29
bond was formed between the monomers at the carbdn > PTPA-2 1680 29
atoms coupled with chlorine originally and a highly 3 PTPA-3 2300 35
conjugated system was formed. 4 DEH 3 3
5 TPD 2,9
a)
u, cm? /(V xs)
0,0001 3
°©PTPA 100%
ES ="PTPA/PC-3
= 0,000013
o
i
o
o 1E-6 3 =
o b) [
[%p]
o
< 1E-7 3 .
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J FY2 (Viem)t?

1600 1400 1200 1000 800 e05 400 Figure 6. Field dependence of hole drift mobilities for
Cm™ polycarbonate PC-3 doped by PTPA and pure PTPA. The doped
Figure 5. IR-spectra of oligomeric PTPA (a) and 4,4' OPC concentration was 50 wt. % and the temperature was 295 K.
dichlorotriphenylamine (b).

The™ C NMR spectrum of oligomeric TPA shows four It was suggested that the role of the polymer binder was
bands at 124.1, 127.2, 129.2 and 134.6 ppm., which werelated to the increasing of distance between the dopant
assignable to biphenylene carbon resonances, due to tAggregates in the host and to reducing of compatibility of

polymerization of 4, 4'-dichlorotriphenylamine. components in the charge transport layer.
Moreover, semiempirical calculations of charge
Electrophotographic Properties of OPC distribution on neutral molecule and cation-radical of

In Table 1, the xerographic properties of OTPA, DEHOTPA (n=4) were performed by a PM3 method. The
and TPD doped PC are listed. As Table 1 showsgalculation shows that the highest occupied molecular
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orbital (HOMO) distribution on the neutral molecule of

OTPA was the same as for separate TPA molecule. While
for cation-radical the positive charge is localized on thel.
nitrogen atom of a side triphenylamine unit. So possible.
only a part (20-50%) of OTPA amines provides the chargs.
transport through a medium. Therefore, the hole mobility in
the binderless OTPA films is lower when compared with4.
binderless TPD filnfd". But the electrical properties of 5.
vapour-deposited TPD film are not stable and reprodutible

and otherwise that of OTPA film are stable. 6.
7.
Conclusion 8.

We have synthesized oligomeric triphenylamineso.
(OTPA) using a novel method of dehalogenation
polymerization of 4,4dihalogentriphenylamines in the 10.
presence of a nickel catalyst and zinc dust. Thesel.
compounds doped polycarbonate showed xerographic
properties which were comparable to those for DEH and
TPD. The hole drift mobility of pure PTPA was higher than
ones for DEH, TPD and PTPA doped polycarbonate. These
results indicated that oligomeric TPA can be useful for a
negative charging electrophotographic materials.

Copyright 1998, IS&T
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