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The photoelectric characteristics of the newly synthesized polyimides Pl are investigated by using the
electrophotographic method. A novel conjugated polymers, polyimides based on N,N’,N”,N”’-substituted
paraphenylenediamine and dianhydrides of aromatic tetracarboxylic acids, was prepared via Suzuki coupling reaction.
The polymer exhibits excellent solubility in common organic solvent, and has high thermal stability such as T ;9 at 453
°C in nitrogen atmosphere and T, at about 140 C. The photoelectric sensitivity of the PI films (3 Um thickness) is
observed in the UV, and visible spectral regions, due to the interactions with charge transfer between donor and
acceptor fragments of the PI chains (formation of charge transfer complex, CTC). Study of the photogeneration
quantum Yyield field dependence gives the evidence that the photogeneration mechanism is a field assisted thermo-
dissociation of radical ion pairs kinetically associated with the excited CTC. The second important mechanism of
photogeneration is photostimulation of long-lived stable cation-radicals of the donor PI fragments, representing the
hole (major carriers) captured by deep centers (photostimulated currents). Accumulation of the cation-radicals in the
dark and photoprocesses leads to the dependence of photovoltaic characteristics on the number of charge-discharge
cycles of the sample.

Kniouesvie cnosa: anexmpoghomozcpaghuueckuii memoo, noauumuost, peaxyus covemanust Cy3yxu, pomoanekmpuueckue xapakmepu-
CMUKY, PoOMOINEeKMpUIecKas 1yeCmeumenbHOCHyb, KOMNIEKCHbI NepeHoc 3apaoa, omozenepayus K6AHMOBbLIL 8bIX00, MeXAHUIM

@omocenepayuu, KAMUOH-pAOUKATbHBIE, AHUOH-PAOUKATIbHYIE, POMOINEKMPUTECKUE XAPAKMEPUCTIUKLL.

Domoanekmpuyeckue XapaKxmepucmuky CUHMesuposanuvix noauumudos (ITH) ucciedosanwvl snexmpopomozpadute-
ckum memooom. Hoevie konviocuposannwie nonumepsi, noruamuost na ocnoge N, N', N", N" - samewennvix napaghenu-
JEeHOUAMUH U OUAH2UOPUOO8 MemPaKapOOHOBLIX APOMAMUYECKUX KUCIOM, ObLIU NOO2OMOBTIEHbL ¢ NOMOWbIO PeaKyul
couemanus Cysyxu. Ilonumep obradaem omauuHol pacmeopumMocmspio 8 OP2aHU4EeCKOM pacmeopumerne, U umeem bl-
COKYI0 mepmuyeckylo cmabunvnocmo, Hanpumep Tponpu 453 °C 6 ammocghepe azoma u npu Tg oxono 140°C. @omo-
anexkmpuyeckasn uyscmeumenvhocmo 11U naenox (3um momyuna) nabnooaemes 6 Y@ u euoumoii obnacmsax chekmpad,
611a200apst 63aUMO0EIICIBUI0 NEPEHOCA 3aPa0a MedCcOY OOHOPHBIMU U akyenmopHvimu yuacmkamu ITH yeneii (obpaszo-
saHue Komniexcnozo neperoca sapaoa, KII3). Hccnedosanue obracmu 3asucumocmu pomoeenepayuu K6aHMoB020
8bIX00A 00KA3bIBACT MO, YMO MEXAHU3M omoeHepayuu A6asemcs 061acmuvio, cnocobcmayrouell K mepmoouccoyua-
Yuu UOH-PAOUKANLHBIX NAD, KUHEMUYeCKU CEA3AHHbIX ¢ 8030ydcoentvim KII3. Bmopwim sasichvim mexanusmom gomo-
2eHepayuy A6IAemcs POMOCMUMYIAYUS OONONACUBYYUX CTNADUTLHBIX KAMUOH-pAOUKAnos - yyacmkos IIH-0onopos,
npeocmasnawux omseepcmue (OCHOBHbIE HOCUMEN), 3aX8AUEHHOe 2YOOKUMU Yyenmpamu (homocmumyauposantoie
moku). Haxonnenue kamuon-paouxkanos, 6 memHome u pomonpoyeccax npueooum K 3a8UcUMocmu Gomosnekmpuye-

CKUX XAPAKMePUCMUK 0N KOIUYecmea YuKI06 3apao-paspaoa obpasya.

Introduction

In the last two decades, p-conjugated polymers
have attracted considerable interests because of their po-
tential applications in electrochromics, [1-4] light emit-
ting diodes, [5-9] organic thin film transistors, [10-14]
photovoltaic’s, [15-18] and polymer memories [19-20].
Fluorene and its analogous derivatives have drawn much
attention of optoelectronics because they generally have
good solubility, high luminescent efficiency, and very
good charge-transfer mobility in both neutral and doped
states [21-24]. However, it is also known that they have
drawbacks such as unsatisfied thermal stability and
excimers formation in the solid state [25, 26]. The appli-
cations for electrochromic conjugated polymers are quite
diverse due to several favorable properties of these mate-
rials, like stable oxidation state, fast switching times, and
excellent switching reproducibility [27]. These excellent
properties led to the development of many technological
applications such as self-darkening rear-view mirrors,
adjustably darkening windows, large-scale electrochromic
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screens, and chameleon materials [28—30]. Electron-rich
triarylamines are known to be easily oxidized to form
stable polarons, and the oxidation process is always
associated with a noticeable change of the coloration.
Furthermore, triarylamine-based polymers are not only
widely used as the hole-transport layer in electrolumi-
nescent diodes but also show interesting electrochromic
behavior [31-33]. A conjugated polymer derived from
the Suzuki coupling reaction with a [luorine derivative
was prepared, and its general properties such as thermal
and optical properties as well as electrochemical and
electrochromic property were investigated and dis-
cussed earlier [34]. The high photoelectric characteris-
tics of polyimides (PI) based on triphenylamine and its
derivatives [35], and also their composites with the or-
ganic and inorganic semiconductors [36,37] (photoelec-
tric sensitivity (PES) S, the quantum yield of the charge
carrier photogeneration 3, their drift length 1p, collection
coefficient C(Z)) are the basis of their applications in a
whole series of optoelectronic devices: photovoltaic and
electroluminescent cells [38,39], photodetectors [40],



organic phototransistors [41,42]. In the present work, the
photoelectric characteristics of the newly synthesized PI
[34, 43] are investigated by using the electrophotographic
(EPG) method [42].

Experimental

Synthesis of homopolyimides. The polyimides
were prepared in the procedures similar to one described
in Appendix 1. One of the examples is described as fol-
lows. To the stirred solution of 0.6g (0.883 mmol) of
diamine (4, Appendix 1) in 5 mL of DMAc, 0.382¢g
(0.883 mmol) of 6FDA was gradually added. The mixture
was stirred at room temperature for 4 h under nitrogen
atmosphere to form poly(amic acid). Chemical
cyclodehydration was carried out by adding equal molar
mixture of acetic anhydride and pyridine into the above-
mentioned poly(amic acid) solution with stirring at room
temperature for 1 h, and then treated at 100 °C for 4 h.
The polymer solution was poured into methanol. The
precipitate was collected by filtration, washed thoroughly
with methanol, and then dried at 100 °C under vacuum.
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Electrophotographic study. Electrophotographic method
involves the studying of the kinetics of the surface poten-
tial dark and photoinduced decay in polymer films,
charged in the field of positive or negative corona dis-
charge. The maximum potential of the charging V and the
rate of the potential dark decay (dV/dt)p are determined
by the dark conductivity of the films: the higher it is, the
lower the V value and higher (dV/dt)p are. Potential
photoinduced decay (1/1)(dV/dt) (where the I — intensity
of excitation) is determined by the rate of the capacitor
photodischarging formed by the ionic contact (aeroions
on the film surface) as one electrode and glass conducting
support (Indium Tin Oxide, ITO) as the second electrode
with the induced charge of opposite sign on it. The poten-
tial photodischarging rate depends on the effective charge
carrier photogeneration quantum yield in the film volume
(xerographic output, ), carrier collection efficiency on
the electrodes C(Z) and the portion of the absorbed excit-
ing light, P:

(1/D) [dV/dt — (dV/dt)p)] = (ed/egp) Ber P, (1)

where B = PC(Z); C(Z) — charge carrier collection effi-
ciency, Z = uVt/d® — ratio of the carrier drift length (I, =
puVt/d) to the film thickness d, p — carrier drift mobility,
T — their lifetime, e — electron charge. The function C(Z)
for the strong and weak absorption is given in [42], from
which it follows that for Z < 1, C(Z) = Z, and for Z > 1,
C(Z) = 1 (strong absorption) and C(Z) = 1/2 for weak
absorption. It is observed [39], that for the polymers, B
and C(Z) values usually are strongly depend on the field
strength E = V/d. The accuracy of the § measurement was
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determined by the accuracy of the I, P and film thick-
ness d measurements and was estimated ~20%. The
photoelectric sensitivity (PES) S ([m*A)]) is defined as
the reciprocal value of the half decay exposure time t),
of the initial charging potential V:

S =(Itip)" = (Bess Pde)/[E(hv) Vg, 2
where E(hv) — excitation photon energy. The accuracy
of the S value measurement was estimated ~10% and it
was determined by the accuracy of excitation intensity I
measurements. Thus, the electrophotographic method
makes it possible to obtain the following photoelectric
characteristics of polymer samples: photoelectric sensi-
tivity, the carrier photogeneration quantum yield (1),
and from the field dependence of B (E) it is possible to
estimate carrier drift length: at the field strength E,, for
which the change of C(Z) dependence from C(Z) = Z to
C(Z) = const is observed, drift length is equal to the film
thickness, lp = pEy. = d. Experimental setup makes it
possible to determine both the optical density of the
sample D; under monochromatic or integral excitation,
and to measure also the influence of the ionic contact
field on it. Knowing optical density, it is possible to
estimate the portion of the absorbed excitation light
energy:

P =1-exp[- (D-Dy)], 3)
where D is the film optical density and D, — equivalent
optical density, caused by the light reflection from the
front and rear sample surfaces as well as by light scat-
tering. The sign of major carriers can be determined via
the comparison of PES values for the positive (S*) and
negative (S°) corona charging of free surface under the
heterogeneous excitation by the strongly absorbed UV
light: with S* > S™ major carriers are holes, with S™> S* -
electrons. The PI films of 3 wm thickness were prepared
by the cast of polymer solution in the chlorine — con-
taining solvents onto the conducting ITO glass supports
and the subsequent drying under the ambient conditions
at 50-100 °C. The Pis under study possess good solubili-
ty and excellent film-forming properties

Results and Discussions Study of the
Photoelectric Sensitivity of the PI films and its
connection with the Charge Transfer Complex

formation

Photoelectric sensitivity of the PI films is ob-
served and the charge carrier photogeneration quantum
yield is determined for the films of the new class of PI
based on N,N’,N”,N”’ - substituted paraphenylene-
diamine (electron-donor fragment D) and dianhydrides
of aromatic tetracarboxylic acids (electron-acceptor
fragment A). PI series denoted as PI Al to PI AS, see
list of samples above. A study of PES spectral depend-
ence S(A) shows that the highest sensitivity (up to 30
mz/J) is observed at the UV region (200 — 400 nm). In
the visible region (400 -700 nm) there is a PES band
which collapses to the long-wave edge (Figurel).

Comparison of the PES spectral dependence
with the absorption spectrum of the films evidences that
PES in the visible region is due to the formation of
weak electronic Donor-Acceptor (D-A) Charge-
Transfer Complexes (CTC) with absorption maxima in
the region of 400 — 600 nm [44]. The maxima and band
absorption edge of the CTC are determined. The most



clearly expressed CTC bands are observed for PI A2 and
PI A3 films with flat absorption maxima in the 500- 560
nm region. For PI Al, PI A4 and PI A5 films CTC bands
are essentially weaker with flat maxima shifted to short
wavelengths, 420 — 480 nm. The energy position of the
long-wavelength absorption band edge of the CTC and
PES is determined, which is an analogue of the band gap
for semiconductors, E,, that allows to estimate the relative
affinity energy values for the acceptor fragments E, (at
the same values of the ionization potential of the donor
fragments, Ip = 7.0 — P, = 5.5 eV, P, — polarization energy
of holes) from the expression:
E;=Ip—Ea— (P, +Po),
where P, —polarization energy for electrons.
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Fig. 1 - Spectra of the photoelectric sensitivity S;(1): (+
charging, V = 30-36 V; the number of cycles N > 10)
and the optical density D;(2) for the film PI A2
(thickness d = 3 pm)

Table 1 - E, and (E, + P,) values (in eV) for PI A1 - PI
AS film samples; P.= 1.5 eV

PI Al E, =2.2% (Ep+P) =3.3%
PI A2 1.9 3.6
PI A3 2.0 3.5
PI A4 2.6 2.9
PI AS 24 3.1

* Estimated average uncertainty for E, and (Eo+P.) values
is0.1 eV.

As can be seen from Table 1, the highest E5 values
are observed for PI A2 and PI A3 acceptor fragments (3.6
and 3.5 eV, respectively) which characterized by the
lowest E, (1.9 and 2.0 eV) and the most pronounced CTC
band as well as high PES in the visible region (up to 5 —
20 mZ/J). The PI Al, PI A4 and PI AS films possess the
lower E, values, weaker CTC bands and lower PES (of
about 1- 4 m*/).

These distinct spectral peaks (in the region of 440-
480 nm, 540-560 nm and 640-660 nm) are registered for
PI A1, PI A3, PI AS (absorption spectrum) and PI A2
(PES spectrum, Figurel). They are ascribed in this work
to the formation and accumulation of the stabilized
cation-radicals (D) (and perhaps anion-radicals (A’)) of
polymer fragments arising in the PI as a result of the dark-
and photo-processes [45]. Some evidence of this
assumption is the PES found in the red region (A > 600
nm, outside the CTC band) with a weak maximum in the
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absorption band of triphenylamine type cation-radical
(640-660 nm) due to its photo-stimulation [45].

The photo-generation quantum yield for the
UV (PI A1-PI AS) and visible spectrum (PI Al) is
determined. On varying charging potential V a non-
linear field dependence of photo-generation quantum
yield B(E) ~ E" (Figure 2) is revealed. The exponent n
increases with increasing excitation wavelength A from
n ~ 1.2 ton ~ 1.8 on changing A from 257 to 547 nm,
indicating that the photo-generation occurs via the field
assisted thermo-dissociation (FATD) of ion pairs (IP),
kinetically coupled with the excited states of the CTC:

FATD
CTC + hver — CTC* < [D*... A'] — carriers
(holes) %)
E. T
1.05x10"+ B: €lectron/quantum
. 5 3
7,00x10°%
3,50x10°
1,00x10° 3,31'x105 s,e1vx105 9,91'x105
E, V/cm
Fig. 2 - Field dependence of charge carrier

photogeneration quantum yield $(E) for the PI A2 (1),
PI A1 (2, 4-6) and PI A3 (3) films, under excitation by
monochromatic light: 257 nm (2) and 365 nm (1, 3, and
4); 436 nm (5) and 547 nm (6). Positive charging (N >
10), the field changed by the time variation of corona. 8
in electrons/quanta, E in V/cm

The highest B values in the UV region (up to
0.1 in a field E = 5.7'10° V/cm) are obtained for films PI
A3 and PI A2 (B = 0.02, E = 10° V / cm). Using the
geminate recombination Onsager model [46, 47] to
interpret the field dependence of B(E), it is possible to
determine ion-pair parameters: the initial yield ®, and
initial separation ry. For films PI Al with increasing
excitation wavelength (from 257 to 547 nm) value of 1y is
reduced from 3.6 — 4.5 nm to 2.0 nm, and the value of &,
increases from 0.2 to 0.7. However under excitation in the
red spectral region (640-680 nm, outside of the CTC band),
the value rj increases to 3.0 nm, which suggests that under
photostimulation of stabilized cation-radical IP; is formed
that differs the IP in the scheme (3). Comparison of the
field dependences of S and B allows to conclude that for
the PI films drift length of the generated carriers (holes) Ip
> d (3 um) for E > 10° V/cm and hence to estimate pt >
310 ecm?V. Major carriers in the studied PI — holes
since under free surface excitation by strongly absorbed
UV light, S *> S~
2. Effect of stable cation-radicals accumulation during
repeating charge- discharge cycles on the photoelectric
characteristics of the PI films; the observation of the
photo-stimulated current (PSC). A strong dependence
of the photoelectric characteristics of the samples (the



potential of charging, PES in the red region, S.4) on the
number of charge-discharge cycles N is found: when
changing N from 1 to 10, V and S, values significantly
(of about several times) increase (Figure 3). In the UV
region the rise only V is observed; the growth of PES is
very small or completely absent.
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Fig. 3 - Photoelectric sensitivity in the UV (A = 365 nm)
S;. (1, 2) and red region (A > 600 nm) S,.4 (5), as well as
the maximal charge potential V (3, 4, 6) versus
number of charge-discharge cycles N for films PI A5
(2,3) and PI A2 (1, 4-6); + charging

Usually the absence of surface charging associated with
the dark injection of carriers from the electrodes into the
bulk of the film (holes in case of positively charged free
surface), leading to a sharp increase in dark conductivity.
The increase in the value of V at the positive charge
indicates blocking of the dark hole injection from the free
surface when N > 3 — 4. The most probable reason is the
appearance in the film bulk near the electrode positively
charged layer of stabilized cation-radicals (electrode
polarization). The latter are holes (h*) trapped by deep
centers:
dark injection capture
+ Electrode+D —h* (mobile hole)—cation-radical (6)
Accumulation and stabilization of the cation-radicals near
the electrode leads not only to stop the dark hole
injection, but also to a drop of dark conductivity, increase
the V value, as well as to the observation of photo-
stimulated currents (PSC), which manifest themselves as
growth of PES in the red spectral range S.4, outside the
absorption band of the CTC (absorption of cation-
radicals) (Figure 3):
FATD
Cation-radical + hv; — IP; — curriers (PSC) (7)
The growth of S,q with increasing N (Figure 3) is partly
due to its field dependence caused by growth of the field
strength E = V/d. Therefore, it was specially checked that
in the red region the pure field dependence due to the ion
pair IP; FATD (7) have the form: B ~ E" (n = 1.35-1.60)
and by (2) S ~ E™', i.e. weakly dependent on E, so that the
growth of S;.4(N) is partly due to the accumulation of the
cation-radicals. Under conditions when V does not
depend on N (for N > 10), the V value was changing by
varying the time of corona discharge. In some cases
(Figure 5) the growth of S..4 was observed at constant V
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that points directly to the effect of the cation-radical
accumulation.

The observation of PSC indicates a high
cation-radical lifetime, t > ((SI)'1 (o - absorption cross
section). If 6 = 107" = 10" cm? [5], I = 10" em™ s, an
estimate of t > 10 s is obtained. It should be noted that
the results of this study evidences that there is a range of
the cation-radical states from labile (t = 1-10 s) to a
fully stable ones (t > 10° s) which are involved in the
process of photo-stimulated generation. Similar
stabilized cation-radicals and related photo-stimulated
currents for the PI based on substituted triphenylamines
resulting from irreversible photochemical
transformation of free-radical type with the halogen
hydrocarbons are observed in [45].

Conclusions

A novel conjugated polymers, polyimides
based on N,N’,N”,N”*’-substituted
paraphenylenediamine and dianhydrides of aromatic
tetracarboxylic acids, was successfully prepared via
Suzuki coupling reaction. The polymer exhibits excel-
lent solubility in common organic solvent, and has high
thermal stability such as Tqj¢ at 453 °C in nitrogen at-
mosphere and T, at about 140 oC.

The photoelectric sensitivity of the PI films (3
um thickness) is observed in the UV, and visible
spectral regions, due to the interactions with charge
transfer between donor and acceptor fragments of the PI
chains (formation of CTC). Study of the
photogeneration quantum yield field dependence gives
the evidence that the photo-generation mechanism is a
field assisted thermo-dissociation of radical ion pairs
kinetically associated with the excited CTC.

The second important mechanism of
photogeneration is photostimulation of long-lived stable
cation-radicals of the donor PI fragments, representing
the hole (major carriers) captured by deep centers
(photo-stimulated currents). Accumulation of the cation-
radicals in the dark and photo-processes leads to the
dependence of photovoltaic characteristics on the
number of charge-discharge cycles of the sample.

Appendix 1

Materials:

N,N,-bis(4-aminohenyl)-N",N "-bis[4-(2-phenyl-2-
isopropyl)phenyl]-1,4-phenylene diamine was synthe-
sized by a well-known synthetic route starting from
bis(4-tert-butylphenyl)amine and p-fluoronitrobenzene
as shown in Scheme 1 [43]. The synthetic details and
the characterization data of this diaminemonomer have
been described in [43]. Bis[4-(2-phenyl-2-
isopropyl)phenyl]Jamine (OUCHI SHINKO), 4-fluoro-
nitro- benzene (ACROS), cesium fluoride (ACROS),
sodium hydride (95%; dry; ALDRICH), 10% Pd/C
(MERCK), and hydrazine monohydrate (MERCK) were
used as received. N,N-Dimethylacetamide (DMAc;
MERCK), dimethyl sulfoxide (DMSO), N-methyl-2-
pyrrolidinone (NMP) (MERCK), and pyridine
(MERCK), were dried over calcium hydride overnight,
distilled under reduced pressure, and stored over 4 A
molecular sieves in a sealed bottle. Iodobenzene,
bis(dibenzylideneacetone) palladium [Pd(dba),] 1,1’-



bis(diphenylphosphino)-ferrocene (DPPF), sodium fert-
butoxide were purchased from ACROS. Commercially
available aromatic tetracarboxylic dianhydrides such as
4,4 "-hexafluoroisopropylidenediphathalic dianhydride
(A1l; CHRISKEV) (6FDA), 3,3",4,4"-diphenyl sulfone-
tetracarboxylic dianhydride (A2; TCI) (DSDA), 4,4"-
oxydiphthalic anhydride (A3; TCI) (ODPA), 3,3°,4,4"-
benzophenone  tetracarboxylic  dianhydride  (A4;
CHRISKEV) (BTDA) and 3,344 "-bitetracarboxylic
dianhydride (AS; CHRISKEV) (BDA), and were purified
by vacuum sublimation.

Appendix 2

Monomer synthesis®

Synthesis  of  bis[4-(2-phenyl-2-isopropyl)phenyl]-4-
nitrophenylamine) (1). In a 500 mL three neck round-
bottom flask was placed bis[4-(2-phenyl-2-
isopropyl)phenyl]amine (20.0 g, 49 mmol), 4-fluoro-
nitrobenzene (5.23 g, 49 mmol), sodium hydroxide (1.18
g, 49 mmol), and 120 mL DMSO. The mixture was heat-
ed with stirring at 120 °C for 24 h. The reaction mixture
was cooled and then poured into 1 liter methanol. The
yellow precipitate was collected by filtration and dried
under vacuum. The product was purified by silica gel

column chromatography (n-hexane : dichloromethane = 2

: 1) to afford nitro compound 1 16.3 g in a 63 % yield;
mp 150-151°C by DSC (10 °C /min).

IR (KBr): 1585, 1342 cm™ (NO, stretch).

'"H NMR: (CDCLy): & (ppm)=1.77 (s, 6H, Hy); 6.93-6.95
(d, 1H, Hy, J=9.5 Hz); 7.12-7.14 (d, 2H, H, J=10.1 Hz);
7.24-7.27 (m, 1H, H,); 7.28-7.30 (d, 2H, H,, J=10.1 Hz);
7.35-7.36 (d, 2H, H,, J=5.0 Hz); 7.37-7.38 (d, 2H, H,,
J=5.0 Hz); 8.05-8.08 (d, 1H, H,, J/=15.0 Hz).

BC NMR (CDCly): & (ppm)=30.6 (Cg), 42.6 (Cs), 117.4
(Cyp), 125.3 (Cy3), 125.7 (Cy), 125.9 (Cy), 126.6 (C,),
128.0 (C3), 128.1 (Cy), 139.6 (Cyy), 142.8 (Cyp), 148.2
(Cy), 150.0 (Cy), 153.4 (Cyy).

Anal. Calcd for C36H34N202: C, 8210%, H, 651%, N,
5.32%. Found: C, 81.67%; H, 6.39%; N, 5.21%.

NO,

14
i CHq

oz stasa)

Synthesis of  bis[4-(2-phenyl-2-isopropyl)phenyl]-4-
aminophenylamine (2). In a 500 mL three neck round-
bottom flask was placed nitro compound 1 (20 g, 38
mmol), Pd/C (0.4 g), ethanol 200 mL. After the addition
of 14 mL of hydrazine monohydrate, the solution was
stirred at reflux temperature for 12 h. After the solution
was cooled down to room temperature, the solution was
filtered to remove the catalyst, and the crude product was
recrystallized from ethanol yielded 12.5 g (yield: 66%) of

the compound 2, mp 110-114°C by DSC (10 °C /min).

IR (KBr): 3432, 3356 cm™ (NH, stretch).
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"H NMR: (DMSO-d,): & (ppm)= 1.57 (s, 6H, H); 5.02

(s, 1H, NH,); 6.56-6.58 (d, 1H, H,, J=8.5 Hz); 6.76-6.77
(d, 1H, Hy, J=5.0 Hz); 6.77-6.79 (d, 2H, H., J=10.0 Hz);
6.98-7.00 (d, 2H, Hy, J=10.0 Hz); 7.09-7.12 (m, H, H,);
7.19-7.20 (d, 2H, Hy, J=5.0 Hz); 7.20-7.21 (d, 2H, H,,
J=5.0 Hz).

3C NMR (DMSO-dy): 8 (ppm)= 30.3 (Cy), 41.7 (Cs),
114.9 (Cy3), 120.73 (Co), 125.3 (Cy), 126.2 (Cs), 126.9

(Cy), 127.8 (Cy), 127.9 (Cp), 1352 (Cyy), 142.5 (Cyp),
145.4 (C), 145.9 (Cy)), 150.3 (Cy).

ELEM' ANAL' Calcd. For C36H36N2: C, 8705%, H,
7.31%; N, 5.64%. Found: C, 86.9%; H, 7.13%; N,
5.61%.
NH,
14
h 13

OROEHED

Synthesis of N,N,-bis(4-nitrophenyl)-N',N -bis[4-(2-
phenyl-2-isopropyl)phenyl]-1,4-phenylene-diamine (3).
In a 250 mL three neck round-bottom flask was placed
bis- [4-(2-phenyl- 2-isopropyl)phenyl]-4-
aminophenylamine (2) (7.26 g, 14.63 mmol), 4-fluoro-
nitro- benzene (4.13 g, 29.27 mmol), cesium fluoride
(4.41 g, 29.27 mmol), and 80 mL DMSO. The mixture
was heated with stirring at 120 °C for 24 h. The reaction
mixture was cooled and then poured into 500 mL meth-
anol. The red precipitate was collected by filtration and
dried under vacuum. The product was purified by silica

gel column chromatography (n-hexane

dichloromethane = 1: 1) to afford dinitro compound (3)
in a 65% yield; mp 224-225 °C (by DSC; 10°C /min).

IR (KBr): 1580, 1341 cm™'(NO; stretch).
'"H NMR (CDCly): & (ppm)= 1.70 (s, 6H, Hy); 6.97-
6.99 (d, 2H, H,, J=10.0 Hz); 7.04-7.05 (d, 2H, Hy, J=5.0

Hz); 7.05-7.07 (d, 2H, H,, J=10.0 Hz); 7.15-7.17 (d, 2H,
H., J=10.0 Hz); 7.19-7.20 (d, 2H, H;, J=5.0 Hz); 7.20-
7.21 (m, 1H, H,); 7.28-7.29 (d, 2H, H., J=5.0 Hz); 7.30-
7.31 (d, 2H, Hy, J=5.0 Hz); 8.14-8.17 (d, 2H, H;, J=15.0
Hz).

3C NMR (CDCL): & (ppm)= 30.7 (Cq), 42.5 (Cs),
121.8 (Cyq), 123.2 (Cpa), 1243 (Co), 125.4 (Cyy), 125.6
(Cy), 126.6 (Cs5), 127.7 (Cy), 127.9 (C,), 128.0 (Cy3),
137.2 (Cya), 142.3 (Cyy), 1443 (Cyp), 146.1 (Cy), 147.0
(Ciy), 1504 (Cy), 151.7 (Cy5).

ELEM' ANAL. Calcd. For C48H42N404: C, 78.03 %, H,
5.73%; N, 7.58%. Found: C, 77.57%; H, 5.63%; N,
7.45%.



Synthesis of N,N,-bis(4-aminohenyl)-N ,N -bis[4-(2-
phenyl-2-isopropyl)phenyl]-1,4-phenylene-diamine (4).
The dinitro compound (3) (5 g, 6.77 mmol ), Pd/C (0.2 g),
and 150 mL ethanol were taken in a three-necked flask
and hydrazine monohydrate (10 mL) was added dropwise
over a period of 30 min at 90 °C. Upon completing the
addition, the solution was stirred at reflux temperature for
12 h. After the solution was cooled down to room temper-
ature, the solution was filtered to remove the catalyst, and
the crude product was purified by silica gel column chro-

matography (n-hexane : ethyl acetate = 2: 1) to afford

diamine monomer (4) 2.3 g (yield: 50%), mp 149-151 °C
by DSC (10 °C /min).

IR (KBr): 3445, 3360 cm™ (NH, stretch).
'"H NMR (DMSO-d): & (ppm)= 1.56 (s, 6H, Hy); 6.53-

6.55 (d, 2H, Hy, J=10.1 Hz); 6.56-6.58 (d, 1H, H,, J=10.1
Hz); 6.75-6.77 (d, 1H, H,, J=10.1 Hz); 6.77-6.79 (d, 2H,
H;, J=10.1 Hz,); 6.80-6.82 (d, 2H, H,, J=10.1 Hz); 6.99-
7.01 (d, 2H, H;, J=10.1 Hz); 7.09-7.12 (m, 1H, H,); 7.19-
7.20 (d, 2H, H,, J=5.1 Hz); 7.21-7.23 (d, 2H, H, J=10.1
Hz).

BC NMR (DMSO-dq):8 (ppm)= 30.3 (Ce), 41.7 (Cs),
114.8 (Cg), 117.8 (Cy3), 121.3 (Cye), 125.3 (Cy), 126.2
(Cy), 126.7 (Cpp), 127.0 (Co), 127.1 (Cy7), 127.8 (Cy),
136.0 (Cyo), 137.2 (Cy), 143.0 (Cyg), 145.2 (Cys), 145.3
(Cy), 146.2 (Cyy), 150.2 (Cy).

ELEM' ANAL. Calcd. For C48H46N4: C, 8492%, H, 683%,

N, 8.25%. Found: C, 84.11%; H, 6.77%; N, 8.17%.

CH;

NO,

8 s OVO: ©
OEOHOED & otoTORo
NH, U:NONQNU:
H\l\lll H0 §H @ ‘cu @ ([ © (fo
3
HyNNH; H,0 HVNOCV?A@?N“A
o QCIK : Ci@
Appendix 3

The IR spectrum of Al (film) exhibited characteristic
imide absorption at 1779 (asymmetrical carbonyl stretch-
ing), 1726 (symmetrical carbonyl stretching) and 744 cm’
(imide ring deformation).
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'"H NMR (CDCLy): & (ppm)= 1.70 (s, 6H, Hy); 7.02-
7.04 (d, 2H, Hy); 7.04-7.10 (d, 2H, H, + H,); 7.13-7.14
(d, 2H, H,); 7.16-7.20 (m, 1H, H,):; 7.27-7.28 (d, 2H,
H): 7.27-7.30 (d, 4H, H, + H); 7.32-7.33 (d, 2H, H));
7.88-7.90 (d, 2H, H)); 7.99 (s, 1H, Hy); 8.05-8.07 (d, 2H,
H,).

ELEM' ANAL. Calcd. For (C69H54N5O4F6)n: C, 7418%,

H, 4.87%; N, 5.01%. Found: C, 73.01%; H, 4.23%; N,
5.02%.
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