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Abstract A new type of π-conjugated polymers containing
2-diisopropylamino-1,3,5-triazine were prepared via
Sonogashira or Suzuki coupling reaction. The structures of
the polymers were performed by FT-IR, 1H-NMR, UV–vis
spectroscopy, photoluminescence spectroscopy, gel perme-
ation chromatography, thermal analysis and X-ray diffraction
analysis. These derived polymers were soluble in common
organic solvents such as tetrahydrofuran, chloroform, toluene,
and showed good thermal stability. Polymers containing 1,4-
diethynyl-2,5-bis(dialkoxy)benzene unit in polymer main
chain emitted blue-green light in solution phase under UV
light irradiation except with polymer containing 9,9-
dioctylfluorene(blue light). Acidochromic behaviors of poly-
mers were studied in CHCl3-CF3COOH mixtures. 9,9-
Dioctylfluorene-containing polymer displayed better
acidochromic property and linear relationship between absor-
bance and concentration with the concentration of CF3COOH
from 5.384×10−4 to 26.92×10−4 mol/L. Electrochemical be-
haviors of polymers depicted p-doping and some hole-
transporting properties. XRD results showed that polymers
exhibited certain crystallinity.
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Introduction

Over the past few decades, π-conjugated polymers have been
known as an interesting class of organic materials for optical
and electrical applications. A large number of papers have
been published on conjugated chains with the linear and rigid
structures [1–5]. Although several papers have recently been
published on the preparation and properties of the rigid rod
conjugated polymers [6–8], more detailed studies seem to be
required for revealing their basic properties.

1,3,5-triazine is known as a typical electron-accepting
heteroaromatic unit. It has a greater electron affinity (EA) than
other typical electron-deficient heteroaromatic compounds,
such as pyridine and pyrimidine due to three electron-
withdrawing imines in triazine ring. Polymers containing 1,
3,5-triazine unit in main chain have also been prepared and
their electrical, optical, and thermal properties have been in-
vestigated [9]. For instance, the electron-transporting behavior
of low-molecular-weight 1,3,5-triazines has been prepared
and investigated their utilization in organic light-emitting di-
odes [10, 11]. In our work on conjugated-systems, we were
interested in polymers containing electron-acceptor heterocy-
cles like 2-diisopropyl-amino-1,3,5-triazine. However, exam-
ples of such polymers are still limited, and the preparation of
new π-conjugated polymers containing 2-diisopropylamino-
1,3,5-triazine unit in main chain is anticipated to reveal the
utility of the 1,3,5-triazine-based polymers as electronic ma-
terials. Protonation of nitrogen-containing heteroaromatic
polymers such as poly(vinylpyridine) presents obvious chang-
es in optical properties of the polymer. However, because of
low solubility of π-conjugated polymers, examples of such
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studies on the protonation of π-conjugated polymers are lim-
ited [12, 13]. In addition, so far there are no reports about
acidochromic behavior of triazine-containing polymer.

In this work, we report the simple routes for synthesis of π-
conjugated polymers based on 2-diisopropylamino-1,3,5-tri-
azine unit linked with different aromatic rings and present
their optical and electrochemical properties in detail. These
polymers containing 2-diisopropylamino-1,3,5-triazine re-
ported in this paper are considered to possess linear molecular
structures and expected to show interesting optical and elec-
trical properties [3, 14].

Experimental

Materials

All the chemicals used were of analytical grade. Cynuric chlo-
ride, 2,7-dibromo-9H-fluorene, 2-isopropoxy-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane, 1-bromododecane, 1-
bromooctane, CuI, Acetonitrile, tetrahydrofuran (THF),
t r ime thy l s i ly l ace ty lene(TMSA) , hydroqu inone ,
diphenylanthracene, triphenylphosphine (TPP), Pd(OAc)2, n-
butyllithium (2.7 M), Alequent336, tricyclohexylphosphane
(TCHP) were purchased from ACROS Chemical Co. and
used as received. 1,4-diethynyl-2,5-bis(octyl-oxy)benzene
(4a) and 1,4-diethynyl-2,5-bis(dodecyloxy)benzene (4b), and
2,2 ′-(9,9-dioctyl-9H-fluorene-2,7-diyl)bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolane) (5) were synthesized ac-
cording to the papers [15, 16]. Pd(PPh3)2Cl2 was prepared
by this method used in this article [17]. Diisopropylamine
and tetrahydrofuran (THF) were dried and distilled frommetal
sodium powder under a nitrogen atmosphere. Other reagents
such as methanol, acetone, and chloroform were commercial-
ly available and used as received unless otherwise stated.

Characterization and measurements

1H-NMR spectra were taken with a VARIAN INOVA-400
spectrometer (400 MHz). Photoluminescence was recorded
on a Shimadzu RF-5301 spectrophotometer. Elemental ana-
lytical data was made on a Vario MICRO CHNS elemental
analyzer. FT-IR spectra of the polymers were obtained by
using a BRUKEREUINOX-55 Fourier transform infrared
spectrometer (frequency range 450 ~ 4000 cm−1). UV–vis
spectra of the copolymers in film state and solution phase were
recorded by using Shimadzu UV-2450 spectrophotometer.
The X-ray diffraction studies were performed on a D/Max
2400 X-ray diffractometer by using Cu-Ka radiation source
(λ=0.15418 nm). The scanning rate was 2°/min over a range
of 2θ =5~60°. Molecular weight determinations were made
by Waters Alliance GPCV 2000 at a flow rate of 0.94 ml/min
in THF using Waters styragel columns with temperature at

35 °C. The thermal stability of the dry sample was determined
using Netzsch STA 449C instrument with temperature range
of 26~900 °C at heating rate of 10 °C /min, using a nitrogen
purge at a flow rate of 30 ml/min. The cyclic voltammetry
(CV) was performed with a CHI660A Electro-chemical
Workstation (CH Instruments, China) in a conventional three
electrode cell with a counter electrode (Pt) and a reference
electrode (Hg/Hg2Cl2) in room temperature.

Mnonomer synthesis

Synthesis of 2-diisopropylamino-4,6-dichlorotriazine (6)

A solution of cynuric chloride (3 g, 2.4 mmol) in acetone
(24 mL) was treated with diisopropylamine (1.02 mL) via
funnel with slow dropping rate in ice bath and stirred for 3 h
at this same condition. The reaction mixture was poured into
ice water and formed precipitate. Then, the white precipitate
was filtered and stirred in water for 2 h. The product was
recovered by filtration and dried in vacuum at 50 °C to afford
white solid (2.9 g, 73 %). FT-IR (KBr, cm−1) 2975, 2875,
1575, 1373, 842, 791; 1H-NMR (CDC13) δ: 4.42 (s, 2H),
1.35 (d, 12H). Anal. Calcd for (C9H14Cl2N4) (249.14) : C,
43.39; H, 5.66; Cl, 28.46; N, 22.49. Found: C, 43.71; H,
5.43; Cl, 28.22; N, 22.64.

Polymer synthesis

Synthesis of the polymers containing
1,4-diethynyl-2,5-bis(dialkoxy)benzene ring (P1, P2)

The poly(2,5-didodecyloxy-1,4-diethynylphenylene-alt-2-
diisopropylamino-4,6-s-triazine) (P1), poly(2,5-dioctyloxy-1,
4-diethynylphenylene-alt-2-diisopropylamino-4,6-s-triazine)
(P2) were prepared by modifying the literature method [3] and
the procedure for the preparation of P1was given as a typical
example:

0.606 mmol of 6, 0.606 mmol of 4a, 29.6 mg of
Pd(PPh3)2Cl2, and 29.6 mg of CuI were combined in 30 mL
of THF in 100 mL Schlenk-tube and degassed using oil pump
then bubbled with N2 for 20 min. 9 mL of diisopropylamine
was slowly added via syringe. The reaction mixture was
stirred at 55 °C for 24 h. Then, it was poured into 150 mL
methanol and stirred overnight, and filtered. The orange yel-
low precipitate was stirred in acetone overnight and recovered
by filtration. After drying overnight at 50 °C in vacuum, P1
was isolated in 75% yield. GPC analysis (soluble part in THF)
gaveMn of 5670, Mw of 6987 andMw/Mn=1.23. FT-IR (KBr,
cm−1) 2923, 2851, 2216, 1551, 1498, 1384, 1275, 1033, 856,
806; 1H-NMR(CDC13) δ: 7.06–6.90 (m, 2H), 4.41 (s, 2H),
3.97–3.94 (m, 4H), 1.82–1.24 (m, 36H), 0.86 (t, 6H) . UV–vis
(CHC13): λ=440 nm.
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P2: isolated in 81 % yield. GPC analysis (soluble part in
THF) gaveMn of 5063, Mw of 5912 andMw/Mn=1.17. FT-IR
(KBr, cm−1) 2923, 2851, 2218, 1551, 1501, 1381, 1277, 1027,
860, 812; 1H-NMR (CDC13) δ: 7.07–6.96 (m, 2H), 4.47 (s,
2H), 3.99–3.96 (m, 4H), 1.85–1.26 (m, 52H), 0.87 (t, 6H) .
UV–vis (CHC13): λ=416 nm.

Synthesis of the copolymer containing 9,9-dioctylfluorene ring
(P3)

0 . 366 mmo l o f 6 , 0 . 366 mmo l o f 5 , 6 mg o f
tricyclohexylphosphine, 2 mL potassium carbonate solution
(2 M) and two drops of Alequent336 were combined in
10 mL of toluene in 100 mL Schlenk-tube and degassed using
oil pump then bubbled with N2 for 20 min. 3 mg mmol of
Pd(OAc)2 was quickly added into the reaction mixture. The
mixture was stirred at 90~ 100 °C for 72 h. Then, It was
poured into 30 mL water and extracted with toluene.

Organic layer was evaporated in reduced pressure and stirred
in methanol for 12 h, and filtered. The grey precipitate was
stirred in acetone overnight and recovered by filtration. After
drying overnight at 50 °C in vacuum, P3 was isolated in 90 %
yield. GPC analysis (soluble part in THF) gave Mn of 6901,
Mw of 7965 and Mw/Mn=1.15. FT-IR (KBr, cm−1) 2927,
2853, 1538, 1501, 1377, 815; 1H-NMR(CDC13) δ: 8.66 -
8.59 (m, 2H), 7.96-7.94 (m, 4H), 4.74 (s, 2H), 2.18 (t, 4H),
1.54–0.78 (m, 40H). UV–vis (CHC13): λ=368 nm.

Results and discussion

Synthesis and characterization of the polymers

The synthetic procedure of the monomers and copolymers is
described in Scheme 1.

Fig. 1 1H NMR spectra of polymers in CDCl3 (a) P1, (b) P3

Scheme 1 Synthesis routes of monomers and polymers
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The monomer 2-diisopropylamino-4,6-dichloro-s-triazine
(6) was prepared by diisoprorylamination of cynuric chloride
i n a h i g h y i e l d ( 7 3 % ) . 1 , 4 - d i e t h y n y l - 2 , 5 -
bis(octyloxy)benzene (4a) and 1,4-diethynyl-2,5-
bis(dodecyloxy)benzene(4b) were synthesized successively
via alkylation, iodination, trimethylsilylacetylation and
detrimethylsilylation steps using hydroquinone as starting
compound in good yields as the previously described method.
Then, 6 was copolymerized with 4a and 4b in dry THF using
Pd(PPh3)2Cl2 and CuI as catalysts via Sonogashira coupling
reaction under dry nitrogen atmosphere to prepare polymer P1
and polymer P2, respectively. 2,2′-(9,9-dioctyl-9H-fluorene-
2,7-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (5) was
prepared successively via alkylation, lithiation and borylation
steps of 2,7-dibromo-9H-fluorene in good yields according to
a previously reported method. Then, the polymer P3 was pre-
pared between 6 and 5 via Suzuki coupling reaction using
Pd(OAc)2 and tricyclohexylphosphane (TCHP) as catalysts
under dry nitrogen atmosphere.

The chemical structures of the monomers and polymers
were characterized by FT-IR, 1H-NMR spectroscopy. Figure
1a and b present the 1H-NMR spectrum of P1 and P3 with the
assignments of all the protons. As it is shown in Fig. 1a, the
peaks corresponding to the aromatic protons are centered at

the interval of 7.06–6.90 ppm. The methylidyne protons
bonded to nitrogen appear at 4.41 ppm. The protons of alkyl
side-chains and the methyl on isopropylamino group are dom-
inating in the region of 0.86–1.82 ppm. The protons of meth-
ylene adjacent to oxygen are shifted down field to 3.97-
3.94 ppm. In Fig. 1b, the peaks assigned to the aromatic pro-
tons are detected at the interval of 7.94–8.66 ppm. The
methylidyne protons bonded to nitrogen and methylene pro-
tons adjacent to fluorene ring appear at 4.74 ppm and
2.18 ppm, respectively. The peaks corresponding to these pro-
tons of alkyl side-chains and the methyl on isopropylamino
group are dominating in the region of 0.86–1.82 ppm.

Figure 2 presents the comparison of FT-IR spectra of
monomers and polymers. For polymers, the strong peak at
3285 cm−1 corresponding to C≡C-H stretching vibration
and the weak peak at 2105 cm−1 corresponding to C≡C
in curve(c) and (d) are absent in curve (e) and (f), but a
new strong peak associated to C≡C in polymers structure
is appeared at 2216 cm−1 in curve (e) and (f) [18].
Comparing to the FT-IR data of monomers in curve(c)
and (d), it is very clear that the stretching vibration peak
of acetylene group in polymer main chain in curve(c) and
(d), which is considered to be affected by the electron-
deficient nature of 1,3,5-triazine ring and electron-donor
nature of phenyl ring, is red-shifted and stronger. This
indicated that the dipoles are instantaneously changed
greatly and the stretching vibration of acetylene group is
very efficient. The typical stretching vibration of alkyl
group is also detected at 2925 cm−1 and 2851 cm−1. The
characteristic peak of C-N on diisopropylamino group at-
tached to triazine ring is detected at 1371 cm−1 almost this
same position in curve (a), (e), (f) and (g) [19]. The skel-
eton vibration of the triazine ring detected at 790 cm−1 in
curve (a) is shifted to 812 cm−1 in curve (e), (f) and (g).
The intensity of peak detected at 1350 cm−1 correspond-
ing to B-O bond in curve (b) is decreased in curve (g)
[16]. The medium peak at 842 cm−1 which is associated
with stretching vibration of N-Cl doesn’t appear in curve
(e), (f) and (g). According to both of 1H-NMR and FT-IR
results, theses polymers were successfully prepared.

Table 1 Optical and
electrochemical data of polymers Polymer Absorption (nm) Emission (nm) ΦF (%)

Solution b

Epa
c (V)

Solution a Thin Film Solution a Thin Film

P1 440 441 478 531 67.7 _

P2 416 419 474 527 42.1 1.73

P3 368 370 410 411 24.9 2.18

a UV-vis absorption and Photoluminescence (PL) were recorded in diluted CHCl3 solution at room temperature
b The PL quantum yields were estimated by using quinine bisulfate (in 0.1 N H2SO4 for P1, P2 and 9,10-
diphenylanthracence (in cyclohexane) for P3 as standards
c Anodic peak potentials were measured with a cast film in a CH3CN solution of 0.1 M Bu4NPF6 vs Hg/Hg2Cl2

Fig. 2 FT-IR spectra of monomers and polymers
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Optical properties

The optical properties of polymers were measured in CHCl3
solution and in thin film, respectively. The data are summa-
rized in Table 1. Figure 3a depicts the UV–vis spectra of P1,
P2 and P3 in CHCl3 solution. All polymers showed a broad
absorptionmaximum in the range of 368–440 nm due to π–π*
electron-transition contribution from the expansion of conju-
gation segments and the electron donor–acceptor effect. P1
and P2 have absorption maximum at 440 nm and 416 nm,
which is similar to π-conjugated polymer consisting of 1,4-
diethynyl-2,5-dihexadecyloxybenzene unit as reported by
Swager et al. [3], in agreement with the extended π-
conjugation system along the polymer main chain. In compar-
ison with homopoly(9,9-dialkyl-2,7-fluorene)s as reported
[20–25], P3 shows an red-shifted absorption peak at 368 nm
due to the contribution from extended π-electron conjugation
as well as the donor–acceptor effect. Comparing with P3, P1
and P2 are significantly red-shifted owing to 1,4-diethynyl-2,
5-bis(dialkoxy)benzene unit which has the favorable stack of
coplanar conjugated main chains. In addition, all polymers
presented another absorption maximum in the range of 300
and 330 nm, which may be attributed to the localized π-
conjugated system in relation to phenylene-ethynylene or
fluorene unit [19].

The polymers’ thin films were prepared by spin coating.
Figure 3b shows the UV–vis absorption of polymers in thin
film. In comparison with the solution state, all polymers show
some red-shifted absorption maximum in thin film. These
results may be ascribable to the planarization of the backbones
accommodating side-chain packing or the strong interchain
interaction of several conjugated chains [26].

The Photoluminescence (PL) properties of polymers in
CHCl3 were studied and the data are summarized in Table 1.
PL spectra of polymers in solution phase were presented in
Fig. 4a. In comparison with P3, which shows blue emission,
P1 and P2 exhibit blue-green emission in their solution phase.
P1 and P2 show blue-green light with an emission maximum
at 478 nm and 474 nm. Much obvious red shift is observed
c o m p a r e d t o t h e c o n j u g a t e d p o l y m e r s o f
poly(p-(dialkoxylphenylene-ethynylene)s [3]. However, 9,9-
dioctylfluoene unit is introduced to replace 1,4-diethynyl-2,
5-bis(dialkoxy)benzene unit of P1and P2, a blue-shifted emis-
sion maximum at 410 nm (P3) is observed. Obviously, the
emission wavelength of the polymers based on 2-
diisopropylamino-1,3,5-triazine unit can be tunable through
the structural modification of polymer main chain.

The Photoluminescence properties of the polymers in film
state were investigated. The emission spectra are shown in
Fig. 4b and the data are summarized in Table 1. Comparing

Fig. 4 Normalized PL spectra of polymers (a) in CHCl3 solution, (b) in film

Fig. 3 Normalized UV -Vis spectra of polymers (a) in CHCl3 solution, (b) in film
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with the PL spectrum of polymers in solution, It is very clear
that the emission maximums of these polymers are red shifted
(1–53 nm). This indicates that the interchain interaction in
solid states exist on all polymers.

The relative PL quantum yields of polymers were estimat-
ed according to the method described by Davey et al. [4]
relative to quinine sulphate (in 1 M H2SO4) for P1, P2 and
9,10-diphenylanthracence (in cyclohexane) for P3 and the da-
ta are summarized in Tables 1. Because of strong self-

absorption and excimer formation of the polymers, the esti-
mated quantum yields depend on the concentration, solvents
and excitation wavelength upon irradiation. All different con-
centrations of polymers are below 10−5 M. All polymers are
found to be emissive with certain quantum yields. In compar-
ison with similar polymers containing pyrimidine unit [27],
the quantum yield of polymers are much higher. It is found
that 1,4-diethynyl-2,5-bis(dialkoxy)benzene unit is consid-
ered to be the best choice to improve the relative PL quantum

Fig. 6 Molecular models of polymers

Fig. 5 Changes in the UV–vis spectra of polymers (2 × 10−5 mol/L) in
CHCl3-CF3COOH solution. concentration of CF3COOH/(10

−4 mol /L);
(a) for P1: (1) 0, (2) 1.346, (3) 2.692, (4) 4.038, (5) 5.384, (6) 13.46, (7)
26.92, (8) 40.38, (9) 53.84; (b) for P2: (1) 0, (2) 1.346, (3) 2.692, (4)

4.038, (5) 5.384, (6) 13.46, (7) 26.92, (8) 40.38, (9) 53.84, (10) 132.6,
(11) 269.2, (12) 403.8, (13) 538.4; (c) for P3: (1) 0, (2) 1.346, (3) 2.692,
(4) 4.038, (5) 5.384, (6) 13.46, (7) 26.92, (8) 40.38, (9) 53.84
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efficiency for these kinds of polymers containing 2-
diisoprpylamino-1,3,5-triazine unit [19].

Acidochromic properties

With the aim of investigating the acidochromic behavior of
the polymers, UV–vis spectra of the polymers were measured
in CHCl3–CF3COOH mixtures. For P1 and P2, there is no
new peaks in longer wavelength except from some absorption
changes of original peak (Fig. 5a) or slight changes of original
peak’s shifts (Fig. 5b) after small amount of trifluoroacitic acid
added each time. However, P3 gives new absorption peak
shifted to longer wavelength in CHCl3–CF3COOH solution.
These results are attributable to spatial hindrance caused by
different linking state of alkoxy groups on phenylene-
ethynylene ring and alkyl groups on fluorene ring. Thus, pro-
tonation of P1 and P2 containing phenylene-ethynylene unit
with alkoxy side chain is harder than P3 due to the spatial
hindrance generated by their better coplanar conjugated main
chains. Figure 5c depicts the changes in the absorption spectra
of P3 with increasing concentration of CF3COOH. From
Fig. 5c, addition of CF3COOH (0~53.84×10−4 mol/L) to a
CHCl3 solution of P3 (2×10

−5 mol/L) led to a quick decrease
in the intensity of the absorption at 346, 367 nm and, at the
same time, an appearance of a new band at 387 nm. It can be
seen that P3 displayed linear relationship between absorbance
and concentration with the concentration of CF3COOH from
5.384×10−4 to 26.92×10−4 mol/L. These results suggest that
the appearance of new absorption at a longer wavelength in
chloroform solution originated from a π–π* transition along
the main chain is strongly affected by the protonation of ni-
trogen in polymer, which causes the expanding of the scope of
electron delocalization and enhances of conjugation between
1,3,5-triazine ring and fluorene ring [17, 28].

In order to approve the speculation for protonation of poly-
mers, molecular models for dimers of all polymers were car-
ried out using Gaussian 09 series of programs with the B3LYP
Hartree-Fock and 6-31G(d) basis set (white, gray, red and blue
circles are corresponding to hydrogen, carbon, oxygen and
nitrogen atoms in molecular models, respectively.). From
Fig. 6, it can be seen that 2-diisopropylamino-s-triazine unit
in P1 and P2 is fully surrounded by four alkoxy side chains on
coplanar conjugated phenylene-ethynylene ring. Comparing
to P1 and P2, 2-diisopropylamino-s-triazine unit in P3 con-
taining fluorene ring with alkyl side chains is semi-surrounded
by two alkyl side chains which can cause easily protonation of
P3 due to less spatial hindrance.

XRD analysis

XRD patterns of polymers are shown in Fig. 7. As shown in
Fig. 7, all polymers presented peaks about 18.1° ~24.1°. In
comparison with P1, the intensity of peaks of P2 is increased.

This indicates that tends of crystallinity and the side-to-side
distance between the molecular interlayer are increased when
the longer alkoxy side chain were introduced into the
phenylene ring on the 2- and 5-positions. When a face-to-
face stacked assembly is formed by flat plane of the π-
conjugated polymers, it usually gives XRD peak correspond-
ing to an interplane distance at about 3.7 Å [29]. Thus, the
peaks of P1 and P2 at about 24° should be assigned to a face-
to-face packing distance between the interlayer which has a
packing-dimension of about 3.7 Å. For P3, it is very clear that
two peaks are observed at 18.13° and 20.10°, which are
assigned to the main chain inter-molecular distance about
4.9 Å [30]. These XRD patterns results are consistent with
thin film UV–vis spectra results that P1 and P2 containing
coplanar 1,4-diethynyl-2,5-bis(dialkoxy)benzene unit
displayed more conjugation degree than P3.

Thermal properties

The thermal stabilities of polymers were determined using
thermogravimetric analysis (TG) under nitrogen atmosphere.

Fig. 8 TG curves for polymers with heating rate of 10 °C /min under dry
nitrogen

Fig. 7 XRD patterns of polymers in the powder state
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In Fig. 8, these polymers depict very good thermal stability
with exhibiting onset decomposition temperature greater than
240 °C under nitrogen atmosphere. For these polymers, the
remaining weights at 750 °C are about 36.8, 42.4 and 48.4 %,
respectively. In comparison with P1 and P2, P3 exhibited
more stability that the onset decomposition temperature is at
370 °C. It indicates that three target polymers depict good
thermal stability due to the conjugated backbone containing
symmetric 1,3,5-triazine unit [31]. The high decomposition
temperature is essential element for many applications in op-
toelectronic materials.

Molecular weights analysis

Molecular weights were determined by Waters Alliance
GPCV 2000 at a flow rate of 0.94 ml/min in THF Waters
styragel columns and shown in Tables 2. It is very clear that
suitable long-chain alkoxy or alkyl group could improve
monomer’s solubility in common organic solvents. In solution
phase reaction, molecular weight of polymer is increased by
polycondensation of more units which have good solubility in
reaction solvents owing to the side chain on monomers.
However, steric hindrance originated from the longer side
chain could decrease efficient polycondensation rates of
monomers and give lower molecular weight [19].
Comparing with P2, P1 and P3 possesses higher molecular

weights due to suitable longer alkoxy or alkyl side chain on
monomers.

Electrochemical properties

The electrochemical properties of polymers were investigated
i n a n e l e c t r o l y t e c o n s i s t i n g o f a 0 . 1 M
Tetrabutylammoniumhexafluorophosphate (Bu4NPF6) in ace-
tonitrile by cyclic voltammetry. These electrochemical data of
the polymers obtained from their cyclic voltammetry are sum-
marized in Table 2. Although all polymers are consisted of 2-
diisopropylamino-1,3,5-triazine unit but no obvious peaks re-
lated to s-triazine ring are observed in anodic region during
cyclic voltammetry measurements. As shown in Fig. 9 that
these derived polymers are only electroactive in anodic region
and p-doping process is sensitive to the substitution on the
phenylene-ethynylene unit. For P1, there are no peaks in the
interval of 0~2.5 V, Which reveals higher stability in oxida-
tive region. Comparing with P3, P2 is easily p-dopable due to
the coplanar 1,4-diethynyl-2,5-bis(dialkoxy)benzene unit in
polymer main chain [19].

Conclusions

In summary, novel π-conjugated polymers containing 2-
diisopropylamino-1,3,5-triazine unit were synthesized by
Sonagashira or Suzuki coupling reaction. These polymers
depicted good solubility in common organic solvents such
as chloroform, THF, and toluene. The investigation showed
that polymers exhibited good thermal stability with high de-
composition temperature. From the optical measurement, it
was found that these polymers showed the tunable emission
spectra and exhibited the satisfying quantum yields through
the structural modification of the main chain. Comparing to
polymers containing 1,4-diethynyl-2,5-bis(dialkoxy)benzene
unit in main chain, 9,9-dioctylfluorene-containing polymer
displayed better acidochromic property and linear relationship
between absorbance and concentration with the concentration
of CF3COOH from 5.384×10−4 to 26.92×10−4 mol/L. The
electrochemical behavior of the polymers depicted p-doping
and certain hole-transporting properties.
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