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Abstract A soluble low bandgap poly (pyrrole methine)
with alkoxyl substituent, poly {(3-hexanoyl)pyrrole-[2,5-
diyl(p-tetradecyloxybenzylidene)]} (PHPDTBE), was
synthesized and characterized by 'H nuclear magnetic
resonance ("H-NMR), Fourier transform-infrared (FT-IR),
elemental analysis (EA) and gel permeation chromatogra-
phy (GPC). PHPDTBE was readily soluble in weak polar
organic solvents. The absorption peaks of PHPDTBE
solution and film were located at around 458 and 484 nm,
respectively. The optical bandgaps of PHPDTBE film for
indirect allowed and direct allowed transitions were
measured to be 1.66 and 2.35 eV, respectively. PHPDTBE
film had few defects in the energy band and the Urbach
energy of PHPDTBE film was calculated to be about
0.19eV. The resonant third-order nonlinear optical sus-
ceptibilities of PHPDTBE solution and film measured by
degenerate four-wave mixing (DFWM) technique at
532 nm were all in the order of 10® esu, which was
about 1~3 orders of magnitude larger than that of the other
ordinary m-conjugation polymers.

Keywords poly (pyrrole methine), low bandgap, Urbach
energy, third-order nonlinear optical property

1 Introduction

The nonlinear optical (NLO) m-conjugated polymers have
attracted a lot of interests since Sauteret et al. first reported
that polydiacetylene crystal with p-toluene sulfonic acid
substituent (PDA-PTS) showed large third-order NLO
susceptibility (¥®) in 1976 [1]. The NLO =n-conjugated
polymers could be applied widely in photoelectric
modulator, optical switching, optical storage and other
all-optical devices because of their advantages such as
large NLO susceptibility, ease of processing and conve-
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nience of molecular design [2—4].

According to theoretical analysis, the m-conjugated
polymers with long effective conjugation length and low
bandgap were the most likely candidates for NLO
materials. Poly (pyrrolyl methine) was one of the typical
NLO =n-conjugated polymers with low bandgap and high
delocalization degree of « electron [5,6]. Unfortunately, the
unsubstituted poly (pyrrolyl methine) was difficult to
dissolve in common solvents, which limited its practical
application seriously. In our previous work [7], poly
(pyrrolyl methine) grafted butyryl and p-hydroxyphenyl
groups (PBPDHBE) was synthesized and the results
showed that PBPDHBE possessed low optical bandgap
and large third-order NLO susceptibility, but only
dissolved in strong polar solvents such as N-methyl-2-
pyrrolidone (NMP), dimethyl sulfoxide (DMSO) and N,N-
Dimethylformamide (DMF), which made it difficult to
obtain high-quality thin film for its practical application. In
this paper, a soluble low bandgap poly(pyrrole methine)
with alkoxyl substituent, poly{(3-hexanoyl)pyrrole-[2,5-
diyl(p-tetradecyloxybenzylidene)]} (PHPDTBE) was
synthesized by the reaction of 1-bromotetradecane with
hydroxyl group at the benzene in order to graft the long-
chain flexible tetradecyloxy group onto the backbone chain
of poly(pyrrolyl methine) and further improve its solubi-
lity. Moreover, the molecular structure, solubility, UV-
Visible absorption, optical bandgap, Urbach energy and
third-order NLO properties of PHPDTBE were also
discussed preliminarily.

2 Experiments
2.1 Reagents

Pyrrole was freshly distilled and stored under the aerated
nitrogen condition in a refrigerator (0°C) until required.
Terahydrofuran (THF) was distilled over sodium metal and
stored in the dark prior to use. Tosyl chloride had been
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recrystallized from petroleum ether and stored in the dark
before it was used. Dichloromethane (CH,Cl,) was
distilled over anhydrous magnesium sulfate and stored in
the dark prior to use. Other reagents were used as supplied.

2.2  Measurements

"H nuclear magnetic resonance (‘H-NMR) spectrum was
obtained with a Bruker Advance III 400 NMR spectro-
meter, deuteriochloroform (CDCIls) was used as a solvent
and tetramethylsilane (TMS) as an internal standard. The
Fourier transform-infrared (FT-IR) spectrum was measured
with potassium bromide (KBr) pellet by a Perkin-Elmer
Lambda 900 FT-IR spectrometer. Elemental analysis was
performed on a Vario EL III analyzer. The molecular
weight and its distribution were determined by gel
permeation chromatography (GPC) using a Waters 1515
with THF as an eluent and polystyrene (PS) as a standard.
UV-Visible absorption spectrum was recorded on a Hitachi
U-2001 UV-Visible spectrometer.

2.3 Synthesis

The synthetic route to PHPDTBE and its intermediates was

OHC O OH + CH,(CH,) ,CH,Br

CH,CH,ONa
e
CH,CH,OH, N,

given in Fig. 1. 0.1 mol p-hydroxybenzaldehyde was
added to a solution of 0.11 mol sodium ethoxide in 100 mL
ethanol at refluxing temperature under nitrogen. After
refluxing 30 min, 0.12 mol 1-bromotetradecane in 45 mL
ethanol was added in the reaction mixture. After
continuous stirring for 24 h at refluxing temperature in
nitrogen atmosphere, the reaction mixture was poured into
water. The organic precipitate was filtered and recrystal-
lized from ethanol to give the desired product p-
tetradecoxybenzaldehyde (TB).

0.18 mol potassium metal was added to a solution of
0.02 mol pyrrole in 60 mL THF at room temperature under
nitrogen. After refluxing 2 h, the reaction mixture was
cooled at room temperature and 0.16 mol tosyl chloride in
120 mL THF was added. After 24 h at room temperature
under stirring in nitrogen atmosphere, the solution was
poured into water. The organic precipitate was filtered and
recrystallized from methanol to give the desired product 1-
tosylpyrrole (TP).

0.055 mol hexanoyl chloride was added at 0°C to a
solution of 0.06 mol aluminum chloride in 250 mL CH,Cl,
under nitrogen. After stirring for 30 min, 0.05 mol TP in
50 mL CH,Cl, was added slowly. After continuous stirring
for 1.5h at room temperature, the reaction mixture was

OHC O OC,H,, (TB)

_— 0 |
K
N—H + Cl—S CH, — = » CH, (TP)
Q I < > THE N, i < > ’
O (0)
CsH \\
. C—CsHy,
C,H,,COC1, AICI, O//C _ (”) (ripy— O i)
CH,CI,, N, —S CH, 1, 4-dioxane
0 I
H
O, O
\
C—CsHy, C—CsH, —CsHy,
HP,HCI < [ ) g) < [ ¢ /——/L
— LI N N -
CILCIL N, | x | n-x (PHPDTBA)
H H
OC,4Hy OC\4Hy OC\4Hy
—C,H,, —C, H11 Yec. H,
chloranil ( i j % (PHPDTBE)
CHCl;4
OC\4Hy OC\4Hy OC\4Hy

Fig. 1 Synthetic route to PHPDTBE and its intermediates
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poured into cold water and extracted with CH,Cl,. The
organic phase was washed with cold water until the pH
reached 7, and then the organic phase was dried over
anhydrous magnesium sulfate. After evaporation of the
solvent, the remained was recrystallized from petroleum
ether to give the desired product 1-tosyl-3-hexanoylpyrrole
(THP).

Twenty mmol THP in 80 mL dioxane was added to a
solution of 0.16 mol sodium hydroxide (NaOH) in 80 mL
deionized water. After continuous stirring at 60°C for 12 h,
the organic phase was separated and then the aqueous
phase was extracted with ethyl acetate. The combined
organic phase was dried over anhydrous magnesium
sulfate. After evaporation of the solvent, the remained
was recrystallized from hexane to give desired product 3-
hexanoylpyrrole (HP).

Under stirring and nitrogen, the hydrochloric acid (HCI)
was added to a solution of 16 mmol TB in 40 mL CH,Cl,
until the pH reached 1, and then 16 mmol HP in 40 mL
CH,Cl, was added in 30 min. Continued to stir for 10 h at
room temperature, the solvent was evaporated. The
remainder was immersed in 2 mol/L ammonia water for
6 h, and then was washed with the deionized water until the
pH of water phase reached 7. The product poly {(3-
hexanoyl)pyrrole-[2,5-diyl(p-tetradecyloxybenzylidane)]}
(PHPDTBA) was obtained after the solid product was
washed with ethanol until the transparent ethanol filtrate
was observed. 3 mmol chloranil was added to a solution of
1.0g PHPDTBA in 30mL trichloromethane (CHCIy).
After continuous stirring for 8 h, CHCI; was evaporated
and the product PHPDTBE was obtained after the
remainder was washed with ether until the ether filtrate
was transparent. '"H NMR (400 MHz, CDCls, d): 8.43 (s,
1H, N-H), 7.60~7.08 (m, 5H, 1py-H and 4Ar-H), 4.04 (t,
2H, ArOCH,), 2.83 (t, 2H, COCH,), 1.85 (m, 2H,
ArOCH,-CH,-), 1.60 (m, 2H, COCH,-CH,-), 1.28 (s,
26H, CyH,, and C,Hy), 0.88 (s, 6H, 2CHj3); IR (KBr,
cm '): v =3453.84, 2923.65, 2852.55, 1643.14, 1599.02,
1503.33, 1466.54; Anal. calcd for Cg7H;,5N304: C 80.23,
H 9.85, N 3.02; found: C 81.54, H 9.79, N 3.12. GPC
(THF, g-mol™): Mn= 5673, Mw = 6481; PDI: 1.14.

3 Results and discussion
3.1 Solubility
A certain amount of PHPDTBE powder was added to

10 mL organic solvent. After stirring at room temperature
for 24h, the insoluble substance was separated by

Table 1 Solubility of PHPDTBE in various solvents

centrifugation. The solubility of PHPDTBE listed in
Table 1 was calculated after the insoluble substance was
filtered, dried and weighted. The results showed that
PHPDTBE was readily soluble in weak polar organic
solvents such as benzene, CH,Cl,, THF and CHCls, and
the solubility improved with the increase of the polarity of
solvents. In addition, PHPDTBE was nearly insoluble in
strong polar organic solvents such as DMF and DMSO. It
was due to that the polarity of poly (pyrrolyl methine)
decreased with the grafting of weak polar flexible groups
including hexanoyl and tetradecyloxy groups onto the
backbone chain of poly (pyrrolyl methine).

3.2 Light absorption spectral studies

The UV-Visible absorption spectra of PHPDTBA and
PHPDTBE in CH,Cl, solutions as well as PHPDTBE film
were shown in Fig. 2. The absorption maximum of
PHPDTBA in CH,Cl, solution was located at 352 nm
assigned to the m-m* transition of m-conjugated electron
resulting from the partly m-conjugated structure in
PHPDTBA. Compared with PHPDTBA, PHPDTBE had
a significant optical absorption located at 458 nm ascribed
to the m-m* transition of m-conjugated electron, which
confirmed that the completed n-conjugated backbone chain
formed in PHPDTBE. In addition, the UV-Visible
absorption relative to n-n* transition of PHPDTBE film
showed a red shift to 484 nm, which indicated that the
changes of aggregation state and molecular configuration
of PHPDTBE from in solution form to in film form [8].

3.3 Optical constants

The optical constants of PHPDTBE such as optical
bandgap (E,) and Urbach energy (E,) were obtained by
UV-Visible absorption spectra in this paper. According to
the Tauc formula, the relationship between the E, value
and photon energy (hv) was as follows [9,10].

(ahv)" xC(hv—E,), (1)

where o was the absorption coefficient, 4v was the energy
of incident photons, and n was the power, which
characterized the electronic transition, whether it was
direct or indirect during the absorption process in the K-
space. Specially, n was 2, 2/3, 1/2 and 1/3 for direct
allowed, direct forbidden, indirect allowed and indirect
forbidden transitions, respectively. The factor C depended
on the transition probability and could be assumed to be
constant within the optical frequency range. As shown in
Fig. 3, the bandgaps of PHPDTBE for indirect allowed and

solvent (polarity) benzene (3.0) CH,Cl, (3.4)

THF (42)  CHCI; (4.4) DMF (6.4) DMSO (7.2)

solubility/(g-mL ") 0.48 0.54

0.61 0.70 insoluble insoluble

Note: the figures in bracket stand for the polarity of solvents
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Fig. 2 UV-Visible absorption spectra of PHPDTBA solution,
PHPDTBE solution and PHPDTBE film
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Fig. 3 Optical bandgap of PHPDTBE

direct allowed transitions were 1.66 and 2.35 eV, respec-
tively. The low E, value of PHPDTBE could be
contributed to the formation of large n-conjugated back-
bone chain, and the withdrawing electron group such as
hexanoyl group and donating electron group such as p-
tetradecyloxyphenyl group on the backbone chain of
PHPDTBE, that the former could lower the lowest
unoccupied molecular orbital (LUMO) energy and the
later could raise the highest occupied molecular orbital
(HOMO) energy, resulting in the decrease of transition
energy of m-conjugated electron between valence band and
conduction band.

The absorption coefficient near the band edge for
PHPDTBE film showed an exponential dependence on
the photon energy (4v), which followed the Urbach
formula [11],

a(v) = agexp(hv/Ey), )

where o was a constant, v was the frequency of radiation,
and E, was Urbach energy, which was a parameter
indicative of mechanism of optical transition. The E,
value could be calculated from the reciprocal of the slope
of the straight line in the linear region of a plot of natural
logarithm of the absorption coefficient with the photon
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Fig. 4 Urbach energy of PHPDTBE

energy shown in Fig. 4. It was found that the £, value for
PHPDTBE film was calculated to be about 0.19 eV, which
suggested that PHPDTBE film had few defects in the
energy band [12].

3.4 Optical nonlinearity

The third-order NLO properties of PHPDTBE in CH,Cl,
solution and in film state were measured by the DFWM
technique and a schematic representation for experimental
setup was shown in Fig. 5. The second harmonic
monochromatic light (532 nm) from a Q-switched Nd:
YAG laser frequency-doubled at a repetition rate of 10 Hz
with a pulse width of 35 ps was used as the pump source.
DFWM measurement was performed at room temperature
in a phase conjugate (PC) geometry, where the two strong
counter propagating pump beams (I, I,) and a weak probe
beam (/) with the same wavelength interacted in a NLO
medium while satisfying the temporal and spatial coher-
ence. When phase matching condition was fulfilled, a new
PC beam (/) could generate along the counter propagating
direction with respect to /,. The output /; was measured by
an RjP-765a Si probe. The experimental setup for the
DFWM technique was calibrated by measuring the y®
value of carbon disulfide (CS,) of 0.68 x 107'? esu, which
was in agreement with that reported elsewhere [13,14].

Fig. 5 Schematic representation for experimental setup for the
DFWM technique, where Iy, Iy, I, and I; were forward pump beam
intensity, backward pump beam intensity, probe beam intensity
and signal beam intensity, individually; S was the sample; a was
the intersection angle of forward pump beam and probe beam,
which was about 5°
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The UV-Visible absorption spectra of PHPDTBE
solution and film showed obvious optical absorption at
the wavelength of 532 nm, thus the resonant third-order
optical nonlinearity of PHPDTBE was measured in this
paper. Being similar to those reported elsewhere, the
resonant ¥ value of PHPDTBE could be obtained by
comparing the measured signal for PHPDTBE with that for
the reference (CS;) under the same experimental condition
(Eq. (3)) [15,16]. The nonlinear refractive index (#,) and
the second-order hyperpolarisability (y;) were calculated
by using Eqgs. (4) and (5) [17,18].

(3) _ <Is)1/2 (ns)zasLseXP(asLs/z) B (3)

T\ ) Toexp(—asls) ®

3)

_ 12myg’ (esu)

n, =——5—-, 4)
ng
3)
Xs

=48 5

Vs NfF )]

Here, the subscripts ‘S’ and ‘R’ referred to PHPDTBE
and CS,, respectively. / was the intensity of the signal
beam, L was the sample path length and the thickness of
the PHPDTBE film that was prepared on quartz glass plate
by spin coating from the PHPDTBE solution at room
temperature was about 340 um, n was the linear refractive
index, o was the linear absorption coefficient and the a
values of the PHPDTBE solution and the PHPDTBE film
at 532nm were 6.26 x 10° and 145 x 10*cm’,
respectively, N was the number density of the PHPDTBE
in CH,Cl, solution (in ¢m?) and the concentration of the
PHPDTBE solution was 4.38 x 10~ mol/L, and f was the
Lorentz local field factor given by

_n§+2
=—3—

The obtained values of y®, n, and y, were outlined in
Table 2.

! (6)

Table 2 Third-order NLO properties of PHPDTBE solution and film
studied at 532 nm

sample 237 (10%esu)  no/ (10 7esu)  p/(10 *%esu)
PHPDTBE solution 2.05 3.63 2.16
PHPDTBE film 3.49 472 -

It was found that the resonant y® values of PHPDTBE
solution and film were all in the order of 10°® esu, which
were about 1~3 orders of magnitude larger than that of the
other ordinary m-conjugation polymers, such as polydia-
cetylene (in 107'° esu) [19], polyacetylene (in 107'° esu)
[20], polythiophene (in 107 esu) [21], polyaniline (in
10 "°~10"" esu) [22] and poly(p-phenylenevinylene) (in

10°~107"" esu) [23]. According to the theoretical model
presented by Sauterret, the low bandgap made remarkable
contributions to the large y¥® value of m-conjugated
polymer [1]. Therefore, it was reasonable that PHPDTBE
synthesized in this paper with low E, value exhibited large
x® value. In addition, the electron acceptor such as
hexanoyl group and electron donor such as p-tetradecy-
loxyphenyl group on the backbone chain of PHPDTBE
had also contributions to the large ¥ value.

4 Conclusions

In summary, a soluble low bandgap poly(pyrrole methine)
with alkoxyl substituent, poly{(3-hexanoyl)pyrrole-[2,5-
diyl(p-tetradecyloxybenzylidene)]} (PHPDTBE), was
synthesized and characterized successfully in this paper.
PHPDTBE was readily soluble in the weak polar solvents
and the solubility improved with the increase of the
polarity of solvents. The optical absorption of PHPDTBE
solution and film was broad and the absorption peaks were
located at around 458 and 484 nm, respectively.
PHPDTBE had a low optical bandgap (£,) and the E,
values of PHPDTBE film for indirect allowed and direct
allowed transitions were measured to be 1.66 and 2.35 eV,
respectively. PHPDTBE film had few defects in the energy
band and the Urbach energy (£,) value was calculated to
be about 0.19 eV. PHPDTBE exhibited preeminent NLO
properties and the resonant y® values of PHPDTBE
solution and film measured by DFWM technique at 532
nm were all in the order of 10°® esu, which was about 1~3
orders of magnitude larger than that of the other ordinary -
conjugation polymers, because of its low E, value and the
substituent groups including hexanoyl group and p-
tetradecyloxyphenyl group on the backbone chain of
PHPDTBE.

Acknowledgements This work was supported by the National Natural
Science Foundation of China (Grant No. 61205182).

References

1. Sauteret C, Hermann J P, Frey R, Pradere F, Ducuing J, Baughman
R H, Chance R R. Optical nonlinearities in one-dimensional-
conjugated polymer crystals. Physical Review Letters, 1976, 36(16):
956-959

2. WuC G, LuM I, Chang S J, Wei C S. A solution-processable high-
coloration-efficiency low-switching-voltage electrochromic poly-
mer based on polycyclopentadithiophene. Advanced Functional
Materials, 2007, 17(7): 1063-1070

3. Mishra A, Ram S. Selective light emission in nonbonding electron
transitions in poly(vinyl pyrrolidone) molecules on spin-coating in
thin layers. Journal of Physical Chemistry A, 2009, 113(51): 14067—
14073

4. LiuN, Ruseckas A, Montgomery N A, Samuel I D W, Turnbull G A.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Front. Optoelectron.

Semiconducting polymer waveguides for end-fired ultra-fast optical
amplifiers. Optics Express, 2009, 17(24): 21452-21458

. Yi W, Feng W, Cao M, Wu H. Synthesis of third-order non-linear

optical polymers based on conjugated poly(heteroarylene methines).
Polymers for Advanced Technologies, 2004, 15(7): 431438

. Yan W, Wei Z X, Hsu C S, Wan M X. Synthesis of microspheres of

poly (pyrrolyl methine) by interfacial polymerization. Synthetic
Metals, 2003, 135-136: 213-214

. Li B, Ye L, Peng E, Tan Z. Synthesis, conductivity and

photophysical properties of soluble low bandgap poly{(3-butyryl)
pyrrole-[2,5-diyl(p-hydroxybenzylidene)]}. Synthetic Metals, 2015,
202: 33-38

. Costa-Bizzarri P, Della-Casa C, Lanzi M, Bertinelli F, larossi D,

Mucci A, Schenetti L. Spectroscopic comparison between poly[3-
(6-methoxyhexyl)thiophene]s with different steric hindrance. Syn-
thetic Metals, 1999, 104(1): 1-7

. El-Badry B A, Zaki M F, Abdul-Kader A M, Hegazy T M, Morsy A

A. Ton bombardment of poly-allyl-diglycol-carbonate (CR-39).
Vacuum, 2009, 83(8): 1138-1142

Beata D Z, Yu L W, David F, Trevor M B, Angela B S. Optical
characterization of Er3+-doped oxyfluoride glasses and nano-glass-
ceramics. Materials Letters, 2014, 136: 233-236

Janardhana K, Ravindrachary V, Rajesh Kumar P C, Ismayil.
Investigation of third-order nonlinear optical properties of pyrazo-
line-doped polyvinyl alcohol films. Polymer Engineering and
Science, 2013, 53(9): 1958-1967

Arslan M, Duymus H, Yakuphanoglu F. Optical properties of the
poly(N-benzylaniline) thin film. Journal of Physical Chemistry B,
2006, 110(1): 276-280

Xuan N P, Ferrier J L, Gazengel J, Rivoire G. Picosecond
measurements of the third order susceptibility tensor in liquids.
Optics Communications, 1984, 51(6): 433437

Wu J, Yan J, Sun D, Li F, Zhou L, Sun M. Third-order nonlinear
optical property of a polyphenylene oligomer: poly(2,5-dialkozy-
phenylene). Optics Communications, 1997, 136(1-2): 35-38
Zhou L K, Liu Q, Zhao X, HuF L, Liu S C, Ren Z G, Sun Z R, Lang
J P. Six [Tp*WS;Cu,]-based clusters derived from [EtyN]
[Tp*WS;], Cu(l) salts and phosphine ligands: syntheses, structures
and enhanced third-order NLO properties. Dalton Transactions
(Cambridge, England), 2014, 43(12): 4734-4744

Ren Z G, Sun S, Dai M, Wang HF, Lii C N, Lang J P, Sun Z R.
Assembly of bicyclic or monocyclic clusters from [(ns-
C5M<35)2M02(p3—S)4(CuMeCN)z]2Jr with tetraphosphine or N,P
mixed ligands: syntheses, structures and enhanced third-order
NLO performances. Dalton Transactions (Cambridge, England),
2011, 40(33): 8391-8398

Zhang W H, Song Y L, Zhang Y, Lang J P. Binuclear cluster-to-
cluster-based supramolecular compounds: design, assembly, and
enhanced third-Order nonlinear optical performances of {[Et4;N],[-
MoOS;Cuy(p-CN)], - 2aniline},, and {[Et4N]4[MoOS;Cu;CN(u'-
CN)]2(1-CN),},.. Crystal Growth & Design, 2008, 8(1): 253-258
Chen X, Li H X, Zhang Z Y, Zhao W, Lang J P, Abrahams B F.
Activation and amplification of the third-order NLO and lumines-
cent responses of a precursor cluster by a supramolecular approach.
Chemical Communications, 2012, 48(37): 44804482

Hattori Y, Mizoguchi A, Uemiya T, Tanaka G. Epitaxially grown

20.

21.

22.

23.

polydiacetylene thin films and their nonlinear optical properties.
Molecular Crystals and Liquid Crystals Science and Technology
Section B: Nonlinear Optics, 1995, 13(1-3): 73-82

Sinclair M, Moses D, Heeger A J, Vilhelmsson K, Valk B, Salour M.
Measurement of the third order susceptibility of trans-polyacetylene
by third harmonic generation. Solid State Communications, 1987,
61(4): 221-225

Keuren E V, Belov V, Schrof W, Mayer E, Rozouvan S, Saitoh H,
Hartmann T, Hwald H. Third order nonlinear optical properties of
novel polythiophene derivatives. Molecular Crystals and Liquid
Crystals Science and Technology Section A: Molecular Crystals and
Liquid Crystals, 1997, 294 (1): 287-290

Ando M, Matsuda H, Okada S, Nakanishi H, Iyoda T, Shimidzu T.
Optical third-harmonic generation in polyaniline cast films. Polymer
Journal, 1993, 25(4): 417-420

Li B, Cheng L, Zheng Y. Conductive and optical properties of PPV
modified by N ion implantation. Journal of Polymer Science Part
B, Polymer Physics, 2010, 48(19): 2072-2077

Baoming Li received his B.S. degree in
polymer materials science and engineering
from Xi’an Jiaotong University (2000), M.
S. degree in polymer materials science and
engineering from Xi’an Jiaotong University
(2002), and Ph.D. degree in physical
electronics from Xi’an Jiaotong University
(2006). Currently, he is engaged in

researching and teaching in School of

Materials Science and Engineering, Fuzhou University and his
research direction is major in photoelectric functional n-conjugated

polymers and devices. He has authored more than 50 papers in the

field of third-order nonlinear optics, low bandgap m-conjugated

polymers and photoelectric polymers.

Enkai Peng received his B.S. degree in
materials science and engineering (2011)
from Fuzhou University. Currently, he is
studying for his M.S. degree at School of
Materials Science and Engineering, Fuzhou
University. His research interests include
photoelectric functional polymer materials
and electronic packaging materials, parti-
cular focuses on the improvement of the

nonlinear optical properties of epoxy based nanocomposites.

Leilei Ye received her B.S. degree in
materials science and engineering (2013)
from Fuzhou University. Currently, she is a
postgraduate student majoring in materials
science. Her research interest is conductive
polymer electrode materials for supercapa-
citors, which involves developing novel
/binary or ternary nanocomposites in order
.. to explore the morphology and structure of

the conductive polymer, particular focuses on the improvement of



Baoming LI et al. Synthesis and optical properties of soluble low bandgap poly (pyrrole methine) with alkoxyl substituent 7

specific capacity and cyclic stability. She has authored 1 paper and 4
patents in the field of third-order nonlinear optics and n-conjugated
polymers electrode materials.

Zhiyin Wu received his B.S. degree in
materials processing and control engineer-
ing (2014) from Fujian University of
Technology. Currently he is a postgraduate
student of materials science and engineer-
ing, Fuzhou University. His research inter-
est is molecular structure design and
preparation of novel functional polymer,
, which involves the improvement of the
solubility of m-conjugated polymer and the decrease of the optical
bandgap of m-conjugated polymer.




	Outline placeholder
	bmkcit1
	bmkcit2
	bmkcit3
	bmkcit4
	bmkcit5
	bmkcit6
	bmkcit7
	bmkcit8
	bmkcit9
	bmkcit10
	bmkcit11
	bmkcit12
	bmkcit13
	bmkcit14
	bmkcit15
	bmkcit16
	bmkcit17
	bmkcit18
	bmkcit19
	bmkcit20
	bmkcit21
	bmkcit22
	bmkcit23


