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ABSTRACT: Two new low-bandgap, conjugated donor (D)-acceptor (A) copolymers of porphyrin with
2,3-bis(4-trifluoromethylphenyl)pyrido[3,4-b]pyrazine (P1) and perylene diimide (P2) were synthesized by
Sonogashira coupling polymerization and compared with porphyrin-dithienothiophene D-D copolymer
(P3). All these polymers possess good thermal stability with decomposition temperatures over 300 �C.
PolymersP1 andP2 in films exhibit strong absorption in near-IR (820-950 nm)with optical bandgaps as low
as 1.15 eV; their Q-bands red shift 60-190 nm compared to that of P3, while the Soret bands are similar.
TheHOMO (-5.3 to-5.4 eV) and LUMO (-3.6 to-4.0 eV) of theD-Apolymers are lower than that of the
D-D polymer. Two-photon absorption (2PA) properties of the polymers were investigated by the femtosecond
Z-scanmethod. TheD-ApolymerP2 exhibits 2PA cross sections over 7000GM/repeat unit at telecommuni-
cation wavelengths (1320 and 1520 nm), larger than that of P1 and P3, due to the very strong, rigid, and coplanar
perylene diimide acceptor and strong D-A intramolecular charge transfer.

Introduction

Conjugated polymers that have extended delocalized π-electron
systems with their potential application in organic optoelec-
tronic devices have been extensively investigated.1-3 Recently,
low-bandgap conjugated polymers have received considerable
interest, specifically those with bandgaps below 1.5 eV.4 These
materials have unique electronic and optical properties including
near-infrared (NIR) absorption, NIR emission, and solid-state
charge transport.5 These polymers can find applications in
sensors, detectors, and telecommunication technologies.6 Their
strong visible andNIR absorption is beneficial to improve power
conversion efficiency of polymer solar cells (PSCs). One way to
design low-bandgap polymers is to alternate electron donor (D)
and acceptor (A) units in the conjugated backbone of the
polymers. The electronic structure (HOMO/LUMO levels and
bandgap) of the polymers can bemanipulated through the partial
intramolecular charge transfer (ICT) along themain chains of the
D-A systems.7,8

Materials with strong two-photon absorption (2PA) at tele-
communication wavelengths (1.3 and 1.55 μm) are highly useful
for signal processing such as optical power stabilization, pulse
suppression, and optical limiting.9,10 Comparedwith other chromo-
phores such as dipolor,11 singlet diradical,12 andBODIPYdyes,13

which exhibited 2PA cross sections (δ) below 1500 GM at these
wavelengths, porphyrins, particularly with expanded or fused
rings, exhibited larger δ up to 104 GM at telecommunication
wavelengths due to their large and coplanar π-conjugatedmacro-
cycles, high transition dipole moments, and NIR absorption of
Q bands.14-19 The literature on porphyrin polymers with strong
2PA at telecommunication wavelengths is significantly sparser

than that for their smallmolecule counterparts; there is only a single
report of porphyrin polymers with strong 2PA at telecommuni-
cationwavelengths,wherein double-strand conjugated porphyrin
ladder arrays exhibited δ of 8900 GM/repeat unit at 1325 nm.20

There have been several reports on D-A-D small molecules
based on porphyrin.21-23 It was experimentally and theoretically
found that the intramolecular charge transfer between D and A
units can induce 2PA enhancement.24-27 However, to our knowl-
edge, there have been no reports onD-Amain-chain conjugated
polymers based on porphyrin. We were interested in synthesis
of π-conjugated D-A copolymers of porphyrin with perylene
diimide (PDI) and pyridopyrazine based on the following con-
siderations: (a) chromophores containing fused-ring units have
conformational rigidity, which is a common feature of most
leading 2PA materials; (b) fused-ring PDI28-31 and fused-ring
pyrazine32-34 are strongπ-electron acceptors (A), while porphyrin
is a strong π-electron donor (D), and A, D, and a polarizable
π-bridge are three essential components required for strong 2PA
dyes. Here we report two new low-bandgap π-conjugated D-A
copolymers of porphyrin with pyridopyrazine and PDI (P1 and
P2, Figure 1). They exhibit strongNIR absorption and large 2PA
cross sections at telecommunicationwavelengths (1.32 and 1.52μm).
We also compare these D-A copolymers with the porphyrin-
dithienothiophene (D-D) copolymer35 (P3, Figure 1) and investi-
gate effect of the counits on the electronic and photonic proper-
ties of the polymers.

Results and Discussion

Synthesis and Characterization of the Polymers. Synthetic
routes to the porphyrin polymers P1 and P2 are shown in
Scheme 1. PolymerP3,35 diethynylporphyrin (1),35 and electron-
withdrawing monomer 5,8-dibromo-2,3-bis(4-trifluoro-
methylphenyl)pyrido[3,4-b]pyrazine (2)32 were synthesized*Corresponding authors. E-mail: xwzhan@iccas.ac.cn.
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according to our reported procedures. New electron-
withdrawingmonomerN,N0-bis(2-propoxyethyl)-1,7-dibromo-3,
4:9,10-perylene diimide (3) was synthesized by condensa-
tion of 1,7-dibromoperylene dianhydride with the amine in
81% yield. Polymers P1 and P2 were synthesized through
Sonogashira coupling reaction of diethynyl-substituted por-
phyrin (1) with dibromo-substituted pyrazine (2) andPDI (3)
in high yields.

All these polymers are readily soluble in common organic
solvents such as chloroform, THF, and toluene because of
the solubilizing 3,4,5-tridodecyloxyphenyl groups at posi-
tions 10 and 20 of the zinc porphyrin ring of the polymers.
Molecular weights of the polymers were determined by gel
permeation chromatography (GPC) using polystyrene stan-
dards as calibrants (Table 1). The number-averagemolecular
weights (Mn) ofP1-P3were found to be 15 000-44 000with
polydispersity index (Mw/Mn) of 1.8-2.2. The thermal prop-
erties of the polymerswere determined by thermogravimetric
analysis (TGA) under nitrogen. All polymers have good thermal
stability with decomposition temperatures (5% weight loss)
over 300 �C (Figure 2).

Absorption Spectra. Figure 3a shows the UV-vis spectra
of the porphyrin polymers and the porphyrin small molecule
(R) in chloroform. The porphyrin small molecule (R) shows
typical Soret and Q-band at 412 and 538 nm, respectively.
Compared to that of the small molecule, the Soret band and
Q-band of the polymers are broadened and red-shifted
remarkably, especially the Q-band due to extended conjuga-
tion. In comparison with that for reference R, Q-band of the
D-D polymer P3 with dithienothiophene (DTT) counit
shows a red shift of 167 nm, while Q-band of polymers P1
andP2, which contain strong electron-withdrawing pyrazine

and PDI counits, red shifts 298 and 374 nm, respectively. The
significant further red shift of theQ-bandof polymersP1 and
P2 is attributed to the intramolecular charge transfer be-
tween the strong donor porphyrin and the strong acceptor
pyrazine or PDI; the electron-withdrawing abilities of the
electron acceptors play an important role in forming effec-
tive D-A intramolecular charge transfer.36-39 The Soret
band of D-A polymers P1 and P2 is insensitive to the
solvent polarity, but their ICT band (Q-band) red shifts with
increasing the solvent polarity. For example, the Q-band of
P2 red shifts 22 nm upon changing the solvent from chloro-
form to THF. The excited state of P2 is stabilized by polar
solvent, leading to red shift of absorption.40

The UV-vis absorption spectra of the polymers in thin
film are shown in Figure 3b. The Soret bands of polymers
P1-P3 red shift compared to that in solution. TheQ-band of
P1 blue shifts 16 nm, and its absorbance decreases relative to
that in solution. The Q-band ofP2 andP3 red shifts 36-56 nm
and strengthens compared to that in solution, suggesting
that these two compounds exhibit strong electronic coupling
between neighboring molecules in films due to relatively
large and coplanar structure of PDI and DTT counits. The
D-A copolymers P1 and P2 exhibit strong absorption in
NIR region (820-950 nm). The optical bandgaps of the
D-Apolymers, estimated from the absorption edge in films,
are 1.38 and 1.15 eV for P1 and P2, respectively, lower than
that of the D-D polymer P3 (Table 2).

Electrochemistry. Cyclic voltammetry (CV) was carried
out under nitrogen on a deoxygenated solution of tetra-
n-butylammonium hexafluorophosphate (0.1 M) in aceto-
nitrile to investigate the electrochemical behavior of the
polymers. Cyclic voltammograms of the D-A polymers

Figure 1. Chemical structures of porphyrin polymers and reference molecule.
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are illustrated in Figure 4. PolymerP1 shows one irreversible
oxidation peak and one quasi-reversible reduction peak,
while polymer P2 shows one reversible oxidation peak and
one reversible reduction peak. The highest occupied molec-
ular orbital (HOMO) and lowest unoccupied molecular
orbital (LUMO) energy levels of the polymers were estimated

from their onset oxidation potentials and onset reduction
potentials, respectively (Table 3). The estimated HOMOs of
the D-A polymers are ca. -5.3 to -5.4 eV, lower than that
of the D-D polymer due to the electron-donating dithieno-
thiophene unit in P3. The estimated LUMOs are sensitive to
the counits.P3with aD-Dstructure has aLUMOof-3.24 eV,
while P1 and P2 containing strong electron-withdrawing
pyrazine and PDI counits exhibit lower LUMOs (-3.60
and -4.00 eV, respectively), which are similar to that of
D-A copolymers based on pyrazine33 and PDI,28,41 suggest-
ing that the LUMO wave function is localized on the
acceptor units. As we expected, by increasing the electron-
withdrawing strength of the counit, the HOMO-LUMO
gap of the polymers decreases from 1.92 eV forP3 to 1.71 eV
forP1 and 1.41 eV forP2. It means that we canmodulate the
LUMO and HOMO-LUMO gap of the D-A copolymers
by changing the electron-withdrawing strength of the elec-
tron acceptors.

Two-Photon Absorption at Telecommunication Wavelengths.
Two-photon absorption (2PA) is a way of accessing a given
excited state by using photons of nearly half the energy (or
nearly double the wavelength) of the corresponding one-
photon transition. Since P1-P3 in chloroform solution
exhibit strong one-photon absorption at 700-900 nm, they
may exhibit strong two-photon absorption at telecommuni-
cation wavelengths (1300-1500 nm). The 2PA cross sections
δ ofP1-P3weremeasured at 1320 and 1520 nm inCHCl3 by
using the open-aperture Z-scan method. Figure 5 shows
typical Z-scan traces of P1-P3 at 1320 and 1520 nm. The
open-aperture traces exhibit a clear dip. The Z-scan traces of
P1-P3 at these two wavelengths clearly show a considerable
dispersion and great 2PA effect. All polymers exhibit large

Scheme 1. Synthesis of the Porphyrin Polymers

Table 1. Molecular Weights of the Polymers
a

Mn Mw Mw/Mn

P1 15 000 30 000 2.0
P2 44 000 98 000 2.2
P3 15 300 26 900 1.8

aNumber-average molecular weight (Mn), weight-average molecular
weight (Mw), and polydispersity index (Mw/Mn) determined bymeans of
GPC with THF as eluent on the basis of polystyrene calibration.

Figure 2. TGA curves of the polymers.
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2PA cross sections of 3000-8000 GM/repeat unit at both
1320 and 1520 nm (Table 4). Particularly, the D-A polymer
P2 exhibits δ over 7000 GM/repeat unit at both 1320 and
1520 nm, probably due to the very strong, rigid, and coplanar
PDI acceptor. The δ value of P2 is among the highest
reported for organic 2PA dyes measured at telecommunication
wavelengths.11-20 Although the D-A polymer P1 exhibits
strong intramolecular charge transfer, it exhibits smaller
δ relative to P2 due to the rotational disorder of pyrido-
pyrazine.On the other hand, although theD-DpolymerP3 has
rigid and coplanar dithienothiophene unit, it exhibits smaller
δ relative to P2 due to lack of D-A intramolecular charge
transfer. Therefore, D-A intramolecular charge transfer
and rigid and coplanar structure play important roles in
2PA enhancement.

Conclusion

Two new low-bandgap, conjugated D-A copolymers of por-
phyrin donor with strong acceptors pyrido[3,4-b]pyrazine (P1)
and PDI (P2) were synthesized by Sonogashira coupling poly-
merization. These polymers exhibit good solution processability,
good thermal stability, and strongNIRabsorption. Compared to
the D-D polymer P3 with electron-donating dithienothiophene
unit, polymersP1 andP2with strong acceptor units exhibit lower
HOMO and LUMO levels, significantly red-shifted absorption
spectra and lower bandgaps. The LUMOs and bandgaps of the
polymers can be tuned by changing the electron-withdrawing
ability of the acceptor unit. The D-A polymer P2 exhibits 2PA
cross sections over 7000 GM/repeat unit at both 1320 and 1520
nm, larger than that of P1 and P3, due to the very strong, rigid,
and coplanar PDI acceptor. The δ value of P2 is among the
highest reported for organic 2PA dyes measured at telecommuni-
cationwavelengths. The origins for large δ value ofP2 as follows:
(a) Large, π-conjugated macrocycles, such as porphyrin and
perylene diimide, are good candidates for two-photon dyes because
of their high transition dipole moments. (b) Conformational
rigidity and strong π conjugation of the backbone of the porphyrin
and perylene diimide copolymer lead to the coherence of thewave
function and the electron delocalization along the main chain.

(c) From the viewpoint of electronic structures and photophysical
processes, the intramolecular charge transfer between strong
donorporphyrin and strong acceptor perylenediimide can induce
2PA enhancement.

Experimental Section

Materials. P3,35 5,15-diethynyl-10,20-bis(3,4,5-tridodecyloxy-
phenyl)porphyrinatozinc(II) (1),35 and 5,8-dibromo-2,3-bis(4-tri-
fluoromethylphenyl)pyrido[3,4-b]pyrazine (2)32 were synthesized
according to our published methods. Toluene was distilled from
sodium benzophenone under nitrogen prior to use. Triethylamine
was distilled from CaH2 under nitrogen prior to use. All other
reagents were used as received.

Characterization. The 1H and 13C NMR spectra were mea-
sured on aBrukerAVANCE400MHz spectrometer using tetra-
methylsilane (TMS; δ=0 ppm) as an internal standard. Mass
spectra were measured on a GCT-MS micromass spectrometer
using the electron impact (EI) mode or on a Bruker Daltonics
BIFLEX III MALDI-TOF analyzer using MALDI mode. Ele-
mental analyseswere carriedoutusingaFLASHEA1112elemental
analyzer. Solution (chloroform) and thin-film (on quartz sub-
strate) UV-vis absorption spectra were recorded on a JASCO
V-570 spectrophotometer. Electrochemical measurements were
carried out under nitrogen on a deoxygenated solution of tetra-
n-butylammonium hexafluorophosphate (0.1 M) in acetonitrile
using a computer-controlled Zahner IM6e electrochemical
workstation, a glassy-carbon working electrode coated with poly-
mer films, a platinum-wire auxiliary electrode, and an Ag wire
anodized with AgCl as a pseudoreference electrode. Potentials
were referenced to the ferrocenium/ferrocene (FeCp2

þ/0) couple
by using ferrocene as an internal standard. Thermogravimetric
analysis (TGA) measurements were performed on Shimadzu
thermogravimetric analyzer (model DTG-60) under a nitrogen
flow at a heating rate of 10 �C/min. The gel permeation chro-
matography (GPC) measurements were performed on aWaters
515 chromatograph connected to aWaters 2414 refractive index
detector, using THF as eluent and polystyrene standards as
calibrants. Three Waters Styragel columns (HT2, 3, 4) con-
nected in series were used.

2PA Measurement. The 2PA cross sections δ of P1-P3 were
measured at 1320 and 1520 nm in CHCl3 by using the open-
aperture Z-scanmethod,42,43 with∼120 fs pulses fromanoptical
parametric amplify (OPA) operating at a 1 kHz repetition rate
generated from a mode-locked Ti: sapphire femtosecond laser
(Tsunami, Spectra-Physics). The laser beam was divided into
two parts. One was used as the intensity reference and mon-
itored byEPM2000 powermeter (Coherent Inc.). The otherwas
used for transmittance measurement; the laser beam was fo-
cused by passing through len (f=15 cm) and passed through
a quartz cell with a sample thickness of 1 mm. The position of
the sample cell could be varied along the laser-beam direction
(z-axis), so the local power density within the sample cell could

Figure 3. UV-vis absorption spectra of the porphyrin polymers as well as the reference molecule in chloroform (a) and in thin film (b).

Table 2. Absorption Maxima of the Polymers in CHCl3 Solution
and in Thin Film

λmax (nm) in solution λmax (nm) in film

Soret band Q-band Soret band Q-band Eg
a (eV)

P1 450 836 452 820 1.38
P2 454 912 462 948 1.15
P3 474 705 489 761 1.47

aOptical bandgap estimated from the onset edge of absorption spectra in
solid films.
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be changed under a constant laser power level. The transmitted
laser beam from the sample cell was then detected by the same
power meter as used for reference monitoring. The on-axis peak
intensity of the incident pulses at the focal point, I0, ranged from
40 to 65 GW/cm2. Assuming a Gaussian beam profile, the
nonlinear absorption coefficient β can be obtained by curve
fitting to the observed open-aperture traces with eq 1.

TðzÞ ¼ 1-
βI0ð1- e-R0lÞ
2R0ð1þðz=z0Þ2Þ

ð1Þ

where R0 is the linear absorption coefficient, l the sample length,
and z0 the diffraction length of the incident beam. We obtained
the nonlinear absorption coefficient β at the corresponding
wavelength, where linear absorption is negligible, to satisfy
the condition of R0l , 1. When R0l , 1, eq 1 can be simplified
as eq 2.

TðzÞ ¼ 1-
βI0l

2ð1þðz=z0Þ2Þ
ð2Þ

The 2PA cross-section δ/repeated unit of P1-P3 (in units of
1 GM=1 � 10-50 cm4/s) can be determined by eq 3.

β ¼ δNAd � 10- 3

hν
ð3Þ

whereNA is the Avogadro constant, d is the concentration of the
repeated unit of P1-P3 in CHCl3 (the corresponding concen-
trations for P1-P3 are 1.62 � 10-4, 0.98 � 10-4, and 1.28 �
10-4 M, respectively), h is the Planck constant, and ν is the
frequency of the incident laser beam.

N,N0-Bis(2-propoxyethyl)-1,7-dibromo-3,4:9,10-perylene Diimide
(3). 1,7-Dibromoperylene-3,4:9,10-tetracarboxylic acid dianhy-
dride (275mg, 0.5mmol) in 20mLof nBuOH/H2O (1:1, v/v) was
sonicated for 10 min. 2-Propoxyethanamine (180 mg, 1.75 mmol)
was added, and the reactionmixture was stirred at 80 �C for 24 h
under nitrogen. Concentrated aqueous HCl (2 mL) was added,
and themixture was stirred at room temperature for 30min. The
mixture was extracted with chloroform (2 � 25 mL), washed

Figure 4. Cyclic voltammograms for the polymers in CH3CN/0.1 M [nBu4N]þ[PF6]
- at 50 mV/s. The horizontal scale refers to an anodized Ag wire

pseudoreference electrode.

Table 3. Redox Potentials and Energy Levels of the Polymers
a

Eox
b (V) Ered

b (V) HOMOc (eV) LUMOc (eV) Eg
d (eV)

P1 0.51 -1.20 -5.31 -3.60 1.71
P2 0.61 -0.80 -5.41 -4.00 1.41
P3 0.36 -1.56 -5.16 -3.24 1.92

aThin films in CH3CN/0.1 M [nBu4N]þ[PF6]
-, versus ferrocenium/

ferrocene at 50 mV s-1. b Eox is the onset potentials corresponding to
oxidations, while Ered is the onset potentials corresponding to reduc-
tions. cHOMO and LUMO estimated from the onset oxidation and
reduction potentials, respectively, assuming the absolute energy level of
ferrocene/ferrocenium to be 4.8 eV below vacuum. dHOMO-LUMO
gap obtained from electrochemistry.

Figure 5. Z-scan trace (circle) of P1-P3 in CHCl3 in a 1 mm cell at
(a) 1320 nm (I0= 62.6 GW/cm2) and (b) 1520 nm (I0= 47.2 GW/cm2)
with a theoretical fit assuming a 2PA process (solid line).

Table 4. 2PA Cross Sections per Repeat Unit at Telecommunication
Wavelengths for P1-P3

δ (GM) at 1320 nm δ (GM) at 1520 nm

P1 3220 3230
P2 7041 7704
P3 4067 4149
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withwater (2� 300mL), and dried over anhydrousMgSO4. The
solvent was removed and the residue was purified by column
chromatography over silica gel eluting with CHCl3/hexane (1:1)
to give a red solid (290 mg, 81%). 1HNMR (400MHz, CDCl3):
δ 9.41 (d, J= 8.1 Hz, 2H), 8.86 (s, 2H), 8.64 (d, J= 8.2Hz, 2H),
4.46 (t,J= 6.0Hz, 4H), 3.78 (t,J= 5.9Hz, 4H), 3.47 (t,J= 6.3Hz,
4H), 1.55 (m, 4H), 0.87 (t, J= 7.4Hz, 6H). 13CNMR(100MHz,
CDCl3):δ 163.09, 162.23, 136.77, 132.48, 131.00, 130.02, 128.88,
127.21, 126.85, 123.00, 122.51, 120.78, 72.69, 67.87, 39.66, 22.83,
11.32. MS (MALDI): 720 (Mþ). Anal. Calcd for C34H28Br2N2O6:
C, 56.69; H, 3.92; N, 3.89. Found: C, 56.58; H, 3.93; N, 4.07%.

Poly{[5,15-diethynyl-10,20-bis(3,4,5-tridodecyloxyphenyl)por-
phyrinatozinc(II)]-alt-[2,3-bis(4-trifluoromethylphenyl)pyrido-
[3,4-b]pyrazine-5,8-diyl]} (P1). To a 50 mL round-bottom flask
were added 5,15-diethynyl-10,20-bis(3,4,5-tridodecyloxyphenyl)-
porphyrinatozinc(II) (1) (336 mg, 0.2 mmol), 5,8-dibromo-2,3-
bis(4-trifluoromethylphenyl)pyrido[3,4-b]pyrazine (2) (115 mg,
0.2 mmol), anhydrous toluene (10 mL), and triethylamine (5 mL).
The mixture was deoxygenated with nitrogen for 30 min.
Pd(PPh3)4 (23 mg, 0.02 mmol) and CuI (8 mg, 0.04 mmol) were
added under nitrogen. The mixture was stirred at room tem-
perature for 1 day and at 60 �C for 2 days. After being cooled to
room temperature, the reaction mixture was added chloroform
(50 mL) and filtered. The solution was concentrated and dropped
into methanol (100 mL). After filtration, the polymer was
purified by size exclusion column chromatography over Bio-
Rad Bio-Beads S-X1 eluting with THF to afford a black solid
(380mg, 91%). 1HNMR(400MHz,CDCl3):δ 10.1 (br, 1H), 9.0
(br, 8H), 7.8 (br, 8H), 7.0 (br, 4H), 4.6-4.0 (br, 12H), 2.2-0.7
(br, 138H). Anal. Calcd for (C129H171F6N7O6Zn)n: C, 73.95; H,
8.23; N, 4.68. Found: C, 70.81; H, 7.91; N, 4.30%. Mw 30 000;
Mw/Mn, 2.0.

Poly{[5,15-diethynyl-10,20-bis(3,4,5-tridodecyloxyphenyl)-
porphyrinatozinc(II)]-alt-[N,N0-bis(2-propoxyethyl)-3,4:9,10-
perylene diimide-1,7-diyl]} (P2).To a 50mL round-bottom flask
were added 5,15-diethynyl-10,20-bis(3,4,5-tridodecyloxyphenyl)-
porphyrinatozinc(II) (1) (168 mg, 0.1 mmol),N,N0-bis(2-propoxy-
ethyl)-1,7-dibromo-3,4:9,10-perylene diimide (3) (72 mg, 0.1 mmol),
anhydrous toluene (6 mL), and triethylamine (3 mL). The mix-
ture was deoxygenated with N2 for 30 min. Pd(PPh3)4 (12 mg,
0.01mmol) andCuI (4mg, 0.02mmol) were added under nitrogen.
The mixture was stirred at room temperature for 1 day and at
60 �C for 2 days. After being cooled to room temperature, the
reaction mixture was added chloroform (10 mL) and filtered.
Thesolutionwasconcentratedanddropped intomethanol (100mL).
After filtration, the polymer was purified by size exclusion column
chromatography over Bio-Rad Bio-Beads S-X1 eluting with
THF to afford a black solid (210mg, 94%). 1HNMR(400MHz,
CDCl3): δ 10.0-8.0 (br, 14H), 7.0 (br, 4H), 4.8-3.5 (br, 24H),
2.4-0.7 (br, 148H). Anal. Calcd for (C142H190N6O12Zn)n: C,
76.19; H, 8.56; N, 3.75. Found: C, 72.56; H, 8.22; N, 3.60%.Mw

98 000; Mw/Mn 2.2.
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