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ABSTRACT: A novel series of white light emitting single polymers are prepared by incorporating low contents

of quinacridone into the main chain of polyfluorene. This is the first report of quinacridone-containing conjugated
polymer. Single layer devices (ITO/PEDOT:PSS/polymer/Ca/Al) are fabricated with these polymers. Energy transfer
from fluorene segments to quinacridone unit is observed. Moreover, in the EL process, quinacridone unit can
trap electrons and cannot trap holes from fluorene segments. Electroluminescence (EL) spectra of these polymers
exhibit simultaneous blue emissiohGx = 425 nm/445 nm) from the fluorene segments and yellow emission
(Amax = 540 nm/580 nm) from the quinacridone unit. The latter one comes from the partial energy transfer and
charge trapping from the fluorene segments to the quinacridone unit. With the increase of the quinacridone unit's
content in the copolymers, the relative intensity of the orange emission band in the EL spectra becomes stronger
owing to the more complete energy transfer and charge trapping. For the poBR@AB) with the quinacridone

unit’s content of 0.03 mol %, its EL spectrum shows balanced intensities of blue emission and orange emission,
leading to white emission with CIE coordinates of (0.27, 0.35). Single layer device of this polymer exhibits the
turn-on voltage of 3.5 V, luminous efficiency of 3.47 cd/A, power efficiency of 2.18 Im/W, external quantum
efficiency of 1.33% and maximum brightness of 9062 ctl/imcrease of the quinacridone unit's content results

in increased turn-on voltages and decreased EL efficiencies of the resulting devices owing to the serious trap of
electrons by quinacridone unit and exciton quenching of quinacridone unit at high concentration, respectively.

Introduction polymers’ EL performance. For example, the color purity of
white emission is dependent on the emission wavelength of the
orange emissive untf. Furthermore, the EL efficiencies of the
white light emitting polymer can be enhanced by improving
the photoluminescence (PL) quantum efficiency of the orange
emissive unit® However, until now, only 1,8-naphthalimide
Yerivative unittab2 1 3-benzothiadiazole derivative uffité 2,3-
dimethyl-5,8-dithien-2-ylquinoxaline unit, malononitrile de-
rivative unit?9 and benzoselenadiazole dhihave been used

Polymer light-emitting diodes (PLEDs) have attracted con-
siderable attention because of their potential application in large-
area flat-panel displaysAfter nearly two decades’ effort, light
emitting polymers with three primary colors (blue, green and
red) have been developed. Devices based on them exhibit no
only high efficiencies and brightness but also improving
operational lifetime. However, white light emitting polymers,
which are very desirable for full color displays with color filters, as the orange emissive unit in white light emitting polymers.

backlights and lighting applications, are very scace. Therefore, it is still very desirable to develop new orange
Several polymers have been described to show white elec-chromophores for white light emitting polymers, especially
troluminescence (EL) because of the blue emission from the orange chromophores with high PL quantum efficiencies.
polymer itself and orange emission from aggregates/excimers/ o inacridone and its derivatives are well-known chemically
exciplex/electromet. However, devices of these polymers stable organic pigmenfsThey have also been used in supramo-

always have low EL efficiencies because the formation of \ocyjar assemblies and as photovoltalic and photoconductive
aggregates/excimers/exciplex/electromer reduces radiative decay, oterial<® In particular, quinacridone has been demonstrated

rates of excitons. Our group has proposed two strategies 10y, pe an excellent dopant in vacuum-deposited organic light-
develop Wh'te. “g.ht emitting smgle; p0|ym.ers by incorporating emitting diodes (OLEDSs) because of its PL quantum efficiency
an orange emissive unit to a blue light emitting polymer tfo%t of unity® Devices based on quinacridone achieve power
and by attaching both a green chromophore and a red chro-gficiencies as high as 20 Im/\W¥2However, there is no report
mrc]).phore to.?‘%.ue I{th emlt(tjlng polymer héSfrl:ghI%/ eff|C|er;1t. dof use of quinacridone in solution-processed PLEDs although
white EL with bias-independent EL spectra has been achievedg ion processing has the great advantage of low cost and ease
with both the two strategies. For white electroluminescent of covering large area. This is due to quinacridone’s poor
pollymers basr(]ad oln the If'rSt strr]ategy, ponfIfL_Jorenr(]a is often gobility and great tendency to aggregate resulting from its
S€ ?Ct?d as the blue po ymer host but we . ind that 0range jntermolecular hydrogen bonding and stramgz interaction.
emissive units play a very important role in the resulting Considering quinacridone’s great PL quantum efficiency of
unity, we report here the utilization of quinacridone unit as the
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problem of poor solubility and tendency to aggregate can be
dissolved, making it applicable in PLEB%.The chemical

structures of the resulting polymers are shown in Scheme 1.
As to the best of our knowledge, this is the first quinacridone-
containing conjugated polymer. In the EL process, partial energy

transfer and charge trapping from the fluorene segments to the
quinacridone unit are observed and leads to simultaneous blue

emission from the fluorene segments and yellow emission from
the quinacridone unit. By adjusting the content of the quinac-
ridone unit, we tune the relative intensity of the blue emission

band and the yellow emission band in the EL spectra and realizerq e 1.

white EL.

Results and Discussion

Synthesis.The synthetic routes of the model compounds,
monomer and polymers are outlined in Scheme 1. Alkylation
of quinacridone afforded the model compouRt;-QA . Owing
to the poor solubility of quinacridone, the yield MIC-QA was
very low. The introduction of the two alkyl chains completely
prevented the formation of intermolecular hydrogen bonding
of quinacridone. Monome2, 2,9-dibromoN,N-didecylquina-
cridone, was prepared by the brominationM€-QA at the
presence of Bt Both the two alkyl chains and the two bromo
substitutes ir2 are helpful to diminish ther—s interaction of
quinacridone skeleton'°¢ Hence, monome® exhibits good
solubility in common organic solvent, such as toluene, chloro-
form, etc. The good solubility of monom2makes it applicable
in the following polymerization. The polymers were synthesized
from 2,7-dibromo-9,9-dioctylfluorene3), 2,7-bis(trimethyl-
eneborate)-9,9-dioctylfluorend)(and2 using Suzuki polycon-
densation with different feed ratios. All these polymers are
soluble in common organic solvents, such as toluene, chloro-
form, and tetrahedronfuran (THF), etc. Their number-average
molecular weights, as determined by gel permeation chroma-
tography (GPC) with polystyrene standards, range from 20900
to 39200 with polydispersities (PDI) varying from 2.22 to 2.42.
These polymers’ chemical structures are verifiedlHyNMR
and elemental analysis. The signal at 4.58 ppmHnNMR
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Figure 2. PL spectra of the polymers in solid films.

too low to give signals itH NMR. All these polymers exhibit
good thermal stability with degradation temperature higher than
420°C.

Photophysical Properties.Figure 1 shows the absorption
spectra of the polymers in solid flmPFQA3, PFQAD5,
PFQAL0, PFQA30, PFQA50, PFQA100, and PFQA300 all
exhibit an absorption band at 390 nm attributed to Aher*
transition of the fluorene segmen&sThe absorption band at
480 nm/514 nm of the quinacridone unit cannot be observed
because of its low contents. Figure 2 shows the PL spectra of
the polymers in solid films with an excitation wavelength of
370 nm. All the PL spectra of the polymers exhibit two emission
bands at 425/445 and 540/580 nm, which are assigned to the
fluorene segments and the quinacridone unit, respectively. The

spectra is attributed to the quinacridone unit and we can calculateemission band of quinacridone unit comes from thesky

quinacridone unit's actual content according to this peak. The
actual content of quinacridone unitBFQA300is 0.015, which

is to some extent close to the feed ration of the mona2riar

the polymerization. FOPFQA3, PFQA5, PFQA10, PFQAS30,
PFQAS50, andPFQA100,the contents of quinacridone unit are

energy transfer from polyfluorene to the quinacridone unit due
to the overlap of the emission spectrum of polyfluorene and
absorption spectrum of the model compouNiC-QA (see

Figure 3). With the increase of the quinacridone unit’'s content,
the relative intensity of the band at 540/580 nm increases
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because of the more efficient energy transfer. In the PL spectrum < ~~PFQA300
of PFQA300,the relative intensity of the orange emission band £2001
is exceptionally weak probably due to the fluorescence quench- é
ing of the quinacridone unit at high concentration. The orange += 1007
emission band in the PL spectra BFQA100 and PFQA300 2
are red-shifted and become structureless when compared with 3 06 % 20 =

that of other polymers because of the aggregation of quinacri-
done unit at high concentration.

Electrochemical and Charge Transporting Properties.The
electrochemical behaviors of the polymers were investigated

by cyclic voltammetry (CV).PFQA3, PFQA5, PFQAL0, 12 —PFQA3
PFQAS30, PFQA50, PFQA100 and PFQA300 all show the —~ 1.0 - PFQA5
same redox properties with one oxidation process and one g 0.8 — PFQA1(
reduction process. Their onset potentials -&fe43 and—2.15 £ ~~ PFQA3(
eV, respectively, which are very close to the data reported for % 06 0
polyfluorene homopolymé Therefore, the oxidation process 8 041 | 0
and the reduction process are due to the fluorene segments. No 5 02] [
signal of quinacridone unit is observed. According to the W oL

400

formula, (EHQMO = _(E0X+4.34) eV ancELUMo = —(Er8d+4.34)
eV),15 we estimate the HOMO and LUMO energy levels of the
polymers to be-5.77 and—2.19 eV, respectively.

Owing to the poor solubility of the model compouiMiC-
QA, we are unable to measure its electrochemical properties.
It is reported that a similar compound,N'-diisoamyl quinad-

10
voltage (V)
Figure 4. V—I characteristics of the “electron-only” devices (a) and
“hole-only” devices (b) ofPFQAS5, PFQA30, and PFQA300.

5

600
wavelength (nm)

500

Figure 5. EL spectra of the electroluminescent devices of the polymers.

Table 1. Contents of the Quinacridone Unit, Number Average
Molecular Weights (M), Polydispersities (PDI), and Thermal
Degradation Temperatures {T4) of the Polymers

ri(_:one, shows a LUMO o%3.5lev and HOMO of-5.9 eVv1b polymer content My PDI T4 (°C)
Slncg the LUMO ofMC-QA is below that of polyfluorene PFOA3 0.0003 31200 230 230
(relative to vacuum energy levels) and the HOMOME-QA PFQAS5 0.0005 29 600 229 431
is not higher than that of polyfluorene, the quinacridone unit  PFQA10 0.0010 32500 2.43 428
will only trap electrons and cannot trap holes from polyfluorene Eigﬁgg 8-882 gg igg g-ig igg
for the qwnaf:ndon.e-contalnlng polymers. in EL. Procé“ss._ PFOAL00 0.01 7 800 533 430

To further investigate the charge trapping ability of quinac- PFQA300 0.03 20 900 2.22 428

ridone unit, “electron-only” devices and “hole-only” devices of
the polymers were fabricated with the configuration of Al (60
nm)/polymer (90 nm)/Ca (10 nm) /Al (100 nm) and inditim
tin oxide (ITO)/poly(ethylenedioxythiophene) doped with poly-
(styrene sulfonic acid) (PEDOT:PSS) (40 nm)/polymer (90 nm)/
MoOs (5 nm) /Al (100 nm), respectively. The voltageurrent
density curves\{—1) of the devices oPFQA5, PFQA30 and
PFQA300 are depicted in Figure 4. In the former device
structure, owing to the relatively high work function of At4.3

eV) anode, there is large energy barrier for hole injection.
Moreover, there is small energy barrier for electron injection
due to the high work function of Ca/Al cathode-Z.9 eV).
Therefore, theV—I characteristics of these devices are only
related to the bulk electron conduction of polymer films. As

PEDOT-modified ITO 5.2 eV) and small energy barrier for
hole injection, the device&/—I characteristics are only related
to the bulk hole conduction of polymer films. It can be seen in
Figure 4b that with the increase of the quinacridone unit's
content, the/—I curves keep almost unchanged, indicating that
quinacridone unit canot trap holes. The “electron-only” device
and “hole-only” device characterization results are in accordance
with the aforementioned estimation of the LUMO and HOMO
energy levels of the quinacridone unit.

Electroluminescence PropertiesThe EL properties of these
polymers were examined with the device configuration of ITO/
PEDOT:PSS (40 nm)/polymer (90 nm)/Ca (10 nm)/Al (100 nm).
Figure 5 shows the EL spectra of the devices, and Table 2 lists

shown in Figure 4a, with the increase of the quinacridone unit’s the corresponding CIE coordinates. The EL spectiafpA3,
content from 0.05 to 3 mol %, the current densities at the same PFQA5, PFQA10, PFQA30, PFQA50, andPFQA100all show
voltage greatly decrease, indicating that quinacridone unit is two emission bands at 436/460 and at 540/580 nm, which are
an electron trap. For the latter device structure, because of theattributed to the fluorene segments and the quinacridone unit,
low function of MoQy/Al (—5.3 eV) and large energy barrier  respectively. Moreover, the relatively intensity of the orange
for electron injection as well as the low work function of emission band is larger in the EL spectra compared to in the
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Table 2. EL Performance of the Device of the Polymers

turn-on luminous power external maximum CIE
voltage efficiency efficiency quantum brightness coordinates
polymer V) (cd/A) (Im/W) efficiency (cd/m?) xy)
PFQA3 3.5 3.47 2.18 1.33% 9062 (0.27, 0.35)
PFQAS5 35 4.00 1.94 1.32% 12 470 (0.29, 0.40)
PFQA10 35 4.14 2.15 1.34% 14110 (0.29, 0.43)
PFQA30 4.0 3.17 1.17 0.88% 10190 (0.34,0.51)
PFQA50 5.0 2.21 0.73 0.61% 7121 (0.36, 0.53)
PFQA100 8.0 0.54 0.13 0.21% 2207 (0.38,0.54)
PFQA300 10.0 0.10 0.02 0.03% 317 (0.46, 0.54)

PL spectra. We attribute it to the charge trapping effect of luminous efficincy-power efficiency curve of this electrolumi-
quinacridone unit!®1”With the increase of the quinacridone nescent device. This performance is somewhat worse than that
unit's content, the relative intensity of the yellow emission band of other white electroluminescent polym&rsprobably because

at 540 nm/580 nm increased because of the more completethe quinacridone unit is not able to trap both electrons and holes
energy transfer and charge trapping. In the EL spectra of ang cannot enhance the recombination rate of positive and
PFQAS, the intensities of the blue emission band and the orange negative charge carriers. FOFQA10, PFQA30, PFQAS0,

emission band are fairly balanced, resulting in near-white : : . :
emission with the CIE coordinates of (0.27, 0.35). Furthermore, PE(?AlOQ andPFQA300,with the increase of the qu!nacndo_ne
unit's content, the turn-on voltages of the resulting devices

the EL spectral shape of the electroluminescent device of

PFQA3 keeps almost unchanged when the bias increases fromincrease while the external quantum efficiencies decrease. The
6 to 10 V (see Figure 6).
Table 2 outlined the EL performance of the single-layer
devices. The device d®#FQA3 emits near-white light with the
turn-on voltage of 3.5 V, luminous efficiency of 3.47 cd/A,
power efficiency of 2.18 Im/W, external quantum efficiency of
1.33%, maximum brightness of 9062 cd/amd CIE coordinates
of (0.27, 0.35). Figure 7 shows the typical voltageirrent
density-brightnessM—I|—B) characteristic and current density-

increased turn-on voltage is due to the charge trapping effect
of the quinacridone unit. In these devices, electrons are the
dominant charge carriers because of the large energy barrier
for hole injection from PEDOT:PSS layer to the emitting la¥fer.
Quinacridone unit is a serious electron trap. At low voltage,
the small amount of electrons injected from the cathode are
trapped by quinacridone unit in the emitting layer and cannot
migrate to the PEDOT/polymer interface to recombination with
holes. Hence, higher voltage is required for the injection of more

,_\1'2 BV electrons and for the migration of electrons and thus for the
51.0- -8V combination of electrons and holes. The decrease of EL
2084 — 10V efficiencies with increased quinacridone unit's content is
%0_5, probably due to the exciton quenching effect of the quinacridone
04 unit.
=
—10.21
- 0.0 . . ' Conclusion

400 500 600 700

wavelength (nm)

Figure 6. EL spectra of the electrouminescent devic®BQA3 under

different biases.

In summary, we have successfully developed a novel series
of conjugated polymers by incorporating quinacridone to the
main chain of polyfluorene. The EL spectra of these polymers

c\’.E‘mo 10000 exhibit both blue emissionifax = 425/445 nm) from the
S 6001 (a) fluorene segments and yellow emissidmd, = 540/580 nm)
< 800 odf 180000 . . ‘
£ 5001 -Vl e from the quinacridone unit due to the energy transfer and charge
>400 VB 16000 B trapping from the fluorene segments to the quinacridone unit.
- 3001 & The relative intensities of the two emission bands can be tuned
15} {4000 © L : . .
S 500 £ by adjusting the content of the quinacridone unit. For the
@100_ {2000 2 polymer with the quinacridone unit's content of 0.03 mol %,
3 0 - 0 < the intensities of the blue emission and the orange emission in
0 4 8 12 16 the EL spectrum are balanced, leading to white emission. Single
—4 wavelength (nm) 25 layer device of this polymer emits white light with the CIE
3 (b) g coordinates of (0.27, 0.35), luminous efficiency of 3.47 cd/A
33 ~_ 2.oé and power efficiency of 2.18 Im/W.
a_:.) D O\O\o\oh 115 5‘
£ 7] — 08 Experimental Section
g 14 \-\.\. . %
2F ThTE05 Materials. All reagents were purchased from Aldrich, Acros or
S H TCI companies. 2,7-dibromo-9,9-dioctylfluorergy'b and 2,7-bis-
30 0o

0

100 200

current density ( mA/cm?)

0.
300

Figure 7. (a) V—I—B characteristic of the electroluminescent device
of PFQAS3. (b) Dependence of luminous efficincy and power efficiency

on current density of the electroluminescent devic®BQA3.

(trimethyleneborate)-9,9-dioctylfluorend){2* were prepared ac-
cording to the literature procedure.

N,N’-Didecylquinacridone (MC-QA). To a stirred mixture of
quinacridone 1) (0.93 g, 3.0 mmol) in DMF (80 mL) at 126C
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was added 50% NaH (0.36 g, 7.5 mmol). The mixture was stirred
for 30 min, followed by addition ofn-C;oH2;Br (10.0 mL, 48
mmol). The resulting mixture was stirred for another 24 h. After
cooled, the mixture was poured into brine and extracted with ethyl
acetate (EA). The organic layer was washed with brine for three
times and then dried over anhydrous,8@. After removal of the
solvent, the crude product was purified with silica gel column using
CH,CI,/EA (4/1) as eluent. Yield: 0.12 g (7% NMR (CDCls,
300 MHz), 6 (ppm): 8.80 (s, 2H), 8.60 (dd, 2H), 7.77 (m, 2H),
7.53 (d, 2H), 7.29 (t, 2H). 4.50 (t, 4H), 1.99 (m, 4H), 1-6R07
(m, 28H), 0.86 (t, 6H). Anal. Calcd: C, 81.04; H, 8.84; N, 4.73.
Found: C, 80.89; H, 8.43; N, 4.53.
2,9-Dibromo-N,N'-didecylquinacridone (2).A mixture of N,N'-
didecylquinacridone (0.12 g, 0.2 mmol), gEDONa (0.043 g, 0.52
mmol) and acetic acid (5 mL) was heated to reflux with stirring. A
solution of B (0.025 mL, 0.46 mmol) in acetic acid (5 mL) was
added dropwise to the mixture, followed by stirring for 1 h. After
the mixture had cooled, the precipitated solid was collected by
filtration and was washed with agueous NaHSénd water.
Recrystallization of the crude product in EA afforded the title
compound as red crystal. Yield: 0.11 g (79%). NMR (CDCls,
300 MHz), 6 (ppm): 8.60 (s, 2H), 8.55 (d, 2H), 7.76 (dd, 2H),
7.35 (d, 2H). Anal. Calcd: C, 64.00; H, 6.71; N, 3.73. Found: C,
63.44; H, 6.36; N, 3.55.
General Procedure of the Suzuki PolymerizationTo a mixture
of 2,7-dibromo-9,9-dioctylfluorenes}, 2,7-bis(trimethyleneborate)-
9,9-dioctylfluorene 4) and 2,9-dibromaN,N-didecylquinacridone
(2) with corresponding feed ratios, aliquot 336 (0.10 g, 0.25 mmol),
and Pd(PP%)4 (11.0 mg, 0.01 mmol) under argon were added 2 M
degassed aqueous®0O; (2.5 mL) and degassed toluene (7 mL).
The mixture was heated to 9C and stirred in the dark for 48 h.
After workup, the mixture was poured to methanol. The precipitated
fibers were collected by filtration and then dissolved in fCH.
The solution was then washed with water for four times and then
dried with anhydrous N&O,. After filtration, the solution was

concentrated to an approximate volume and then poured into

Macromolecules, Vol. 41, No. 4, 2008

(t, 6H). Anal. Calcd: C, 89.66; H, 10.30; N, 0.02, Found: C, 89.02;
H, 10.06, N, 0.33.

Instruments. 'H NMR spectra were obtained with a Bruke
Avance 300 NMR spectrometer. Elemental analysis was performed
using a Bio-Rad elemental analysis system. Number- and weight-
average molecular weights of the polymers were determined by
gel permeation chromotagraphy (GPC) on a Waters 410 instrument
with polystyrene as standards and THF as eluent. Thermal properties
of the polymers were analyzed with a Perkin-Elmer-TGA 7
instrument under nitrogen at a heating rate of@Omin-1. UV—
vis absorption spectra were recorded by a Perkin-Elmer Lambda
35 UV/vis spectrometer. PL spectra were recorded with a Perkin-
Elmer LS50B spectrofluorometer. Cyclic voltammetry of polymer
films on a glassy carbon electrode were conducted on an EG&G
283 (Princeton Applied Research) potentiostat/galvanostat system
with a working electrode (glassy carbon), a counter electrode (Pt
wire) and a reference electrode (Ag/AgCl) at room temperature in
a solution ofn-BusNCIO4 (0.10 M) in acetonitrile at a scan rate of
100 mV/s. EL spectra, CIE coordinates, currewmvltage and
brightness-voltage characteristics of devices were measured with
a Spectrascan PR650 spectrophotometer at the forward direction
and a computer-controlled Keithley 2400 under ambient condition.

Device Fabrication. The indium-tin oxide (ITO) glass plates
were cleaned in ultrasonic solvent bath and then baked in a heating
chamber at 120C. A 40 nm thick ITO-modifying layer of PEDOT:
PSS was spincoated on top of ITO at 3000 rpm for 60 s and then
baked for 15 min at 120C. Thin films (90 nm) of the polymers
were spincoated from their solution in toluene (15 mg/mL). The
substrate was then thermally annealed in vacuum &GC8for 1 h,

After being cooled, the substrate was transferred to a vacuum
thermal evaporator. A layer of 10 nm thick Ca was deposited at a
pressure of 3« 1072 Pa through a mask, and another layer of 100

nm thick Al was deposited on the top as a protecting layer for Ca.
The active emissive area defined by the two electrodes was 20 mm
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Soxhlet extraction in acetone for 24 h. The reprecipitation procedure 50633040
in dichloromethane/methanol was then repeated for several times

The final product was obtained after drying in vacuum with a yield
of 45—-60%.

PFQAS3. 3(0.2740 g, 0.4997 mmol% (0.2792 g, 0.5000 mmol),
and2 (0.6 mL 5 x 107 solution in toluene, 3« 104 mmol) were
used in the polymerization.

PFQAS5. 3(0.2739 g, 0.4995 mmol% (0.2792 g, 0.5000 mmol),
and2 (1.0 mL 5x 10 “ solution in toluene, 5< 10~* mmol) were
used in the polymerization.

PFQA10. 3 (0.2736 g, 0.4990 mmol)4 (0.2792 g, 0.5000
mmol), and2 (2.0 mL 5 x 107 solution in toluene, 1x 1073
mmol) were used in the polymerization.

PFQA30. 3 (0.2725 g, 0.4970 mmol)4 (0.2792 g, 0.5000
mmol), and 2 (0.0022 mg, 0.003 mmol) were used in the
polymerization.

PFQAS50. 3 (0.2713 g, 0.4950 mmol)4 (0.2792 g, 0.5000
mmol), and 2 (0.0038 mg, 0.005 mmol) were used in the
polymerization.

PFQA100. 3(0.2683 g, 0.4900 mmol¢ (0.2792 g, 0.5000
mmol), and 2 (0.0075 mg, 0.010 mmol) were used in the
polymerization.

PFQA300. 3(0.2580 g, 0.4700 mmol¢ (0.2792 g, 0.5000
mmol), and 2 (0.0221 mg, 0.030 mmol) were used in the
polymerization.

PFQAS, PFQA5, PFQA10, PFQA30, PFQA5@ndPFQA100
all showed similafH NMR and elemental analysis results.

For example: PFQA100. 'H NMR (CDCls, 300 MHz), 6
(ppm): 7.88 (d, 2H), 7.73 (br, 4H), 2.15 (br, 4H), 1.17 (br, 24H),
0.85 (t, 6H). Anal. Calcd: C, 89.68; H, 10.31. Found: C, 88.98;
H, 10.11.

PFQA300.*H NMR (CDCls, 300 MHz),d (ppm): 7.84 (d, 2H),
7.68 (br, 4H), 4.58 (br, 0.06H), 2.11 (br, 4H), 1.14 (br, 24H), 0.82

), Science Fund for Creative Research Groups (No.

'20621401), and the 973 Project (No. 2002CB613402).
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