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Novel synthesis metal 3-alkylthiophene copolymer
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Abstract: Copolymer, regiorandom and regioregular poly ( 3-octylthiophene )-co-poly ( 3-( 2-ethyl-1-
hexylthiophene) ) (P3OTIOT) was synthesized by a FeCl;-oxidation and GRIM ( grignard method) approach.
The structure and optical properties were verified by the Fourier transform infrared, ultraviolet visible
spectroscopy, NMR ( nuclear magnetic resonance ), gel permeation chromatography ( GPC) and
photoluminescence (PL). The results indicate that the band-gap energy of the regioregular HT P3OTEHT was
lower than that of the regiorandom copolymer and both of them depict low band-gap energy, high
photoluminescence quantum yield, excellent solubility and processability, and might be promising polymer
materials for applications in polymer light-emitting diodes, light-emitting electrochemical cells and polymer
solar cells, etc.
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Conjugated polymers, so-called synthesis metals,
have drawn much attention in recent years, due to their
promising applications in electrochromics'", biosen-
sorsm, electrochemical supercapacitors[3], anticorro-
sion'"!, polymer thin film transistors"”’, polymer light-
emitting diodes ( PLEDs)'®, polymer photodetectors
and polymer solar cells(PSCs) "', etc. Soluble poly-
thiophene derivatives(PTs) are the most promising and
frequently investigated conjugated systems as a result
of their synthetic availability, stability in various redox
states, widespread processability, and tunable electronic
properties''*!. polythiophene of simplex
straight chain alky substituted are unsatisfactory for va-
rious applications.

In this paper,

However,

our group has synthesized ho-
mopolymer poly ( 3-octylthiophene) (P3OT), poly (3-
(2-ethyl-1-hexylthiophene) ) (P3I0T) and their regio-
random and regioregular HT copolymer. It is a statisti-
cal copolymer of 3-octylthiophene (30T) and 3-(2-
ethyl-1-hexyl thiophene) (3I0T) with a molar ratio of
1:1.

All the regiorandom polymers were synthesized by
FeCl,-oxidation in a chloroform solvent according to a
procedure similar to that described in Refs. [12 — 15]
(see Fig.1).

e Poly(3-octylthiophene) (P30T)

Anhydrous FeCl, (4.9 g, 0.03 mol) and chloro-
form (40 mL) were placed in a 100 mL dry three-neck
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Fig.1 Synthetic scheme of regiorandom poly(3-alkylthio-

phene)
round-bottom flask. Under
was stirred at room temperature till its color turned
dark green and 19. 6 g 30T(in 20 mL chloroform) was
dripped. After 24 h the product was precipitated in
CH,0OH(200 mL) and filtrated. The polymer mixtures
were then placed in a 200 mL single-neck round-bot-
tom flask charged with a solution of chloroform (80
mL) and saturated aqueous hydrazine (80 mL), which
was stirred and heated up to 65 C for 60 min. The
chloroform phase was then concentrated to 10 mL by
vacuum distillation and poured into 600 mL of metha-
nol. The orange precipitate of polymer was collected by
filtration and extracted with methanol through a
Soxhlet apparatus for 24 h. It was further purified by
redissolving in chloroform and precipitating into meth-
anol and the final polymer was dried under vacuum.
The yield of the orange solid P30T was 81% . 'HNMR
8(ppm):0.838(t,J =7.4 Hz,3H); 1. 32(m, 8H) ; 1. 66
(m,4H);2.87(t,J =7.4 Hz,2H);7.35,7.07(m, 1H).
FT-IR(KBr pellet, cm’l): 3 057, 2 955, 2922, 2 852,
1637,1509,1457,1376,1180,1 077, 828, 721.

e Poly(3-(2-ethyl-1-hexylthiophene)) (P310T)

P3EHT was obtained from 310T following a pro-

cedure similar to that described for P3OT. The yield of
the orange solid P3IOT was 78%. 'HNMR §(ppm):

N, atmosphere, the mixture
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0. 838 to 0. 851(m, 6H); 1. 31 to 1.33(m, 1H); 1. 56 to
1. 66(m, 8H) ;2. 86(d, J =7.4Hz, 2H); 7. 07, 7. 43(m,
1H). FT-IR (KBr pellet, cm'): 3 055, 2 950, 2 925,
2 856,1 630, 1 509, 1 460, 1 400, 864, 819, 705.

e Poly[ (3-octylthiophene) -co-( 3-( 2-ethyl-1-hexyl-
thiophene) )] (P3OTIOT)

P3OTIOT was obtained from 30T(0. 05 mol) and
3EHT(0. 05 mol) following a procedure similar to that
described for P3OT. After polymerization, the isolated
polymer powders were extracted in a Soxhlet apparatus
using hexane to remove short chain oligomers. The
yield of the orange red solid P3OTIOT was 72%.
"HNMR &(ppm): 0. 838, 0. 842, 0. 868, 0. 909; 1. 28 to
1.38;1.66 to 1.69;2.65,2.87;6.72,6.78;7.07;7. 23
7.35;7.42; 7.47. FT-IR (KBr pellet, cm~'): 3 055,
2955,2925,2 848, 1 640, 1 500, 1 382, 1 180, 1 077,
828, 800, 700.

e HT poly [ ( 3-octylthiophene ) -co-( 3-( 2-ethyl-1-
hexylthiophene) )] (TH P30OTIOT)

The regioregular HT copolymer was synthesized
by the GRIM approach in a THF solvent according to a
procedure similar to that described in Refs. [16 — 17]
(see Fig.2).

2, 5-dibromo-3-octylthiophene (0. 05 mol) and 2,
5-Dibromo-3-(2-ethyl-1-hexylthiophene) (0. 05mol)

R Ry R,
Y e A
Br S Br Ni(dppp) Cl, S S
<R1 =N Ry= L\/ >

Fig.2 Synthetic scheme of regioregular HT poly(3-alkyl-
thiophene)

were dissolved in 250 mL of THF. To this solution was
added 50 mL of cyclohexylmagnesium chloride (2. 0
mol in ether). The mixture was heated to reflux for 1 h
at which time Ni(dppp) Cl,(100 mg) was added. After
100 min at reflux, the reaction was poured over 300 mL
of CH,OH. The following procedure was similar to that
of the regiorandom polymers. The yield of the purple
solid HT P3OTIOT was 37% . '"HNMR §( ppm): 0. 830,
0.858,0.914;1.25 to 1.33;1.56 to 1.69; 2.70,2. 87,
6.95;7.03;. FT-IR(KBr pellet, em™'): 3 055, 2 951,
2928,2 849, 1 640, 1 500, 1 382, 1 180, 1 077, 828, 800,
700.

The solubility and molecular weights of polymers
are shown in Tab. 1. The molecular weight of copoly-
mer P3OTIOT is much lower than that of homopoly-
mer P30T and P3IOT attributed to the two constituent
random polymerization.

Tab.1 Solubility in organic solvents and average molecular weights, polydispersity indices and polymerization

degrees of polythiophene derivatives

Polymer Solvent GPC
CHCI, THF Toluene Xylene Mw Mn DP
P30T Soluble Soluble Soluble Soluble 116 272 81 156 599
P3IOT Soluble Soluble Insoluble Insoluble 115 684 76 539 596
P30TIOT Soluble Soluble Soluble Soluble 24361 18 885 125
HT P30OTIOT Soluble Soluble Soluble Soluble 98 374 39 336 504
In the TGA experiment, all of the polymers exhib- 410 m 5™ prp
ited very good thermal stability, losing less than 5% of (1):8: 35 mm_| | 437 nm l;:lgl(%or
their weight on heating to approximately 300 ‘C under % 8:%:
nitrogen atmosphere. The results can be explained by £ 8'2:
assuming high molecular weights and narrow molecular z 8%:
weight distributions. Obviously, the thermal stability of 0.2}
the polymers was adequate for their applications in O'é I - . : s I
300 350 400 450 500 550 600

TFTs, LEDs and other photoelectronic devices.

In conjugated polymers, the extent of conjugation
directly affects the observed energy of the JI-JI" transi-
tion, which appears as the maximum absorption'"™ "
(see Fig. 3). Their JI-JI" transitions are exhibited by
the absorption with maximum wavelength A, at
around 415, 395, 410 and 437 nm for P30T, P31OT,
P3OTIOT and HT P3OTIOT,

fore, the absorption of P3OT implied its longest conju-

respectively. There-

gation length of the polymer backbone among regio-

Wavelength/nm
Fig.3 UV-vis spectra of polythiophene derivatives in CHC,

random polymers by the FeCl, polymerization ap-
proach. The maximum wavelength of P3IOT and
P3OTIOT were less than that of P30T, due to their
steric effects being larger than those of P3OT. Howev-
er, the maximum wavelength of regioregular HT
P3OTIOT was shown to be much lower than that of
regiorandom polymers. This is attributed to its struc-
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tural homogeneity and significantly extended conjuga-
tion length. The optical band-gap energy was calculat-
ed according to the following formula:

ahw =B (v -E,)"
where « is the absorbance coefficient, 4 is the Planck
constant, E, is the optical band-gap energy and n is

(20221 'The value of n is

the transition type, respectively
0.5 in the case of direct band transition, and the ab-
sorbance coefficient amount to absorbance for the giv-
en sample, so the band-gaps energy were at 2.43,
2.6,2.45 and 2. 11 eV for P30T, P310T, P3OTIOT
and HT P3OTIOT, respectively.

Photoluminescence ( PL) spectra can provide a
good deal of information on the electronic structures
of the conjugated polymers. All the novel polymers
are easily spin-coated onto glass substrates to afford
highly transparent, pinhole-free films.

Photoluminescence emission (PLE) spectra were
recorded with an excitation wavelength corresponding
to the absorption maximum wavelength of the polymer
as shown in Fig. 4. The PLE spectrum of P3OT shows
that the emission maximum is 650 nm and emission
peaks of P3IOT, P3OTIOT and HT P3OTIOT ap-
peared at around 520, 600 and 620 nm, respectively.
The emission of P3IOT, P3OTIOT and HT P3OTIOT
are blue-shifted 130, 50 and 30 nm because of sterical-
ly induced backbone distortion resulting from
branched side chain groups'”'. The PL intensity of re-
gioregular HT P3OTIOT was similar to that of regio-

random P3OTIOT and about 7 times higher than that

of P30OT.
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Fig.4 PLE spectra of polythiophene derivatives

Fig. 5 shows the excitation and emission curves
of polymers P3OTIOT and HT P3OTIOT in film
states. In the same thickness of films, the excitation
curves of all polymers are close to their UV absorp-
tion curves'®, so the film of P30OTIOT and HT
P30OTIOT showed JI-JI* absorption maxima at about
435 and 452 nm, respectively.

In this paper, two novel constituents of copoly-
thiophene containing branched and straight side chains
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Fig. 5 Normalized excitation and emission curves of

P3OTIOT and HT P3OTEHT in spin-coating film states.
(a) P3OTIOT; (b) HT P3OTIOT

were synthesized through a FeCl,-oxidative and
GRIM approach for obtaining the 77-conjugated poly-
mers with low band-gap energy, high photolumines-
cence quantum Yyield and excellent processability.
Compared with the regiorandom copolymer, regioreg-
ular HT P3OTIOT depicted structural homogeneity
and significantly extended conjugation length. On the
basis of these results, the novel conjugated P3OTIOT
and HT P3OTIOT might be promising material for ap-
plications in polymer light-emitting diodes, and light-
emitting electrochemical cells and polymer solar cells,
etc.
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