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Abstract 1In order to study the effect of bromine substituents on the fluorescence properties of polythiophene
derivatives and quantitatively tuned the optical properties of polythiophene derivatives, polythiophene ( 3-decyl
thiophene)-co-poly (3-bromothiophene) (P3DT-co-P3BrT) was prepared by chemical oxidation method. The products
were characterized by infrared (FT-IR) ,nuclear magnetic (NMR) , X-ray diffraction (XRD) and transmission electron
microscope (TEM).The optical properties of P3DT-co-P3BrT were studied by UV-Vis and photoluminescence (PL).
The results showed that the bandwidth of P3DT-co-P3BrT was wider,and the bromine substituents on the thiophene
ring had a significant effect on the fluorescence intensity and quantum yield of P3DT-co-P3BrT. With the increase of
P3BrT content, the fluorescence blue shift of P3DT-co-P3BrT was related to the electron absorption induction effect of
bromine and the structure-based D-n-A effect.

Key words Poly ( 3-decylthiophene-co-3-bromothiophene ), bromine content, D-n-A effect, energy gap,

photoluminescence

HLAT I 25 1) ) 3R (3-28 FEWEWY) (P3DT) £t
FL B T AR UL A A Y R A (. S
P3DT St L H 2R (EO)MH R £,
A5 A PR B K L Y R B i AR R L SRR BE
S DA B AR R R 550 . FE R R, B
TR TSR A FE, 1 i A BT (D-AD FL 7 B 2 7T

Y8 H#3:2020-01-27; & 8 B #7:2021-02-06
BEETA 50 M 1 5 5™ b B AR B3 CRip e M R AT 52 T B (SYG201744)

o AR B o R A T LE (HOMO) R ISR i %
E(LUMO) 5 e 28 @5 4» F 19 E,X . P3DT K£
13- BLWE My (3DT) H R 38 3 b 2% E Ak vk & B, T
3DT — il i 3-JRWEM (3BrT) & ™,

AN 3DT it &, 32 3BrT M 3 1) [
il s BAR =9 b 2 5% B i 19 3BrT. X KE, FE AT

TEF B HIE R (1970, B+, 082, RZM5E H W AT 6E R 43 F » E-mail : dongyanmao@163.com.,



5510 B A L R (33 B ) —co- SR (3-TREWD) W & 5 PO M RE T 5T .+ 155 -

e ARG 3DT B, 2375 31 R (3-Z8 L WEMY ) —co-
B (3-JABERY) (P3DT-co-P3BrT), H i, P3BrT H
AP RRE  P3DT B e 7 1 e AT TE
T 4 FHE D-A RN, ARG R T &5
P3DT-co-P3BrT, #f 5% P3BrT & & X} P3DT-co-
P3BrT St MERE IS0

1 SLIEER4Y

1.1 ERSE

S v T R A 2R 3R R 2 R 4 Bl FLh 3BT
TRAR 2 B (W [ Aldrich) i i 80 & 28 180K i, 1, 3-
- FE BRI I 5 /NiClL, B &9 Ni(dppp) Cl,
W E Aldrich, i AT ARATE, JoK B TCK LBk
CHCIL, FH BE 7 25 4 17 5 e A 2% A3 3R 120500 A B
o5 A Af T TC K S ACES AA 43T TR 7d. G
K FeCly VEESR KA FIE E 25 M T BR e A A8 A 3R K
A BR 23 ) fff i A Ak

PEIRBE PP 2% (MYP11-2A AL, b 36 4 5 3
AR EARA A HHR KL B R
(SHB- T2 , 54 < 3l B T 82 A B2 | 5 20 50 6 3%
I HT AL (FT-1IR,IR550) , Nicolet MagNa 2\ 7 5 25 b~
Al W4y 6 6 BE i (UV-Vis, UV-2401PC) , Shimadzu
A B4 (SEML, S-570 &), Hitachi 23 & 5 #%
s 2 P AL (" H-NMR, Inova-400 %), Agilent 2\ 7 ;
5T BT (TEM., H-600- 11 #9) , Hitachi 28 A ; %€ %
Y1 43 B {¢ (Shimadzu Edinburgh-920 #1), & A
NN
1.2 3DTHIEH

K 3g(0. 12mol) 4 J& B FH 2mol/L £h R 4b #H,
Bk 25 2 i A ALY . FH G K BRI TE K 2Bk Uk . BIA
RN 250mL BEA 30mL JE/K 2 B A = %5 5 S ke
A A 0. Tmol JRAR 28 e . 4, o 4l /R
PR R s R S AR RN SE HE IS L A 20mg Ni
(dppp)Cl, 1 0. Imol 3-JRMEW},50°C 3 15h J5 ¥
RAWEIA 200mL K% 1 2mol/L £k BR /K W H
BN BEFER (30mL X 3)KE, S IEA L
WL AT K MeSO, T, ¥ R ZEMEE LiEH <
fik , 7 A AR Y T W R R KA 3DT
1.3 P3DT #1 P3DT-co-P3BrT &

TE 100mL = SIFEE LKL h A 2g oK FeCl,
F150mL JC /K CHCL,, 3 £ 2 41 J5 % n 0. 05mol
3DT, e i Th: ¥ =W 78 W B W b A ih, 28 5 M
0. 1mol/L # ¥k g F1 /K & BEUE % 3 IR Bk Fe, O, il

FeCl, , LI F B/ KIR GV W (P I k=11 RA 42
B 24h, B /Ny F 4R 00, TS A3 8] P3DT M,

ML F#RAE, B0 3DT M 3BrT (L 1 (L
1D, Ak 2= A Ak % il % & 51 P3DT-co-P3BrT
a7/

#£1 P3DT-co-P3BrT ¥ RAMEEFS

FE i 3DT:3BrTEEIR H)
P3DT-co-P3BrT-1 100:10
P3DT-co-P3BrT-2 100320
P3DT-co-P3BrT-3 100:40
P3DT-co-P3BrT-4 100:80
P3DT-co-P3BrT-5 100:100

1.4 RIEFESESE

FT-IR RIE : RAWHEM Y KBr JE R 20506
T HTAEAT RAE

"H-NMR EAE B G W) 5 i 78 — 1 5L T30
(DMSO) H, FHAZ i S IR A GRAEFE i 1 454

EDS 2 #r . =¥ e N ECA X-SF g i
EHIEDAXD 1 F 4 B A

TEM 4387 - 77 W) T 25 FH 388 5 55 I 3

UV-Vis 53081 . 4001 WG #E Shimadzu UV-
2401PC 43 A A F i, % W AE 1om A 9 I L0 3
] A 5 0 3

WA BT YR OEEOR LA 450-W Xe
POGKTFN PMT A6 #8192 6O 1% 43 B A AE = i T
Mt
2 #REiTie
2.1 'H-NMR R{EH#H

Kl 1 4 P3DT (% 400MHz 1§ ' H-NMR % &,
Hrp A 7.05(1H), 2.31 (2H), 1. 60 (2H) , 1. 27

(14HDO A1 0. 88 (3H) 4R ig, 7 UL, P3DT # 3DT
aREELA HT.HH M TT =F®h &85 2, i 7= 4

S| ]

|

. . .
710 690 670
5/(x10)

80 70 60 50 40 30 20 10 00
8/(x1075)

Fl1 P3DT Y " H-NMR i¥% & CGii 18] S Ja #8780 1ED



- 156 - 1 T 8 B %49 &

HT-HT.TT-HT.HT-HH F1 HH-TT Py fh ki 5 2%
) P3DT, 43 3 %t I T4k 2# A2 F% (8) 6. 91 X 10 ° |
6.96>X10 °,7.03 X 10 °Fl 7.05 X 10 ° iy I 4 1%
W, MR RS 7005 X100 5 6,91 X 10 Sk
R0y 5 B (X FE e Ml 0. P3DT & 45 12%0 /9 HT-
HT %54 3 & i1 T P3DT 1Y% [a) £ B4 K, §mi &
HERY IR HES

K 2 4 P3DT-co-P3BrT Ay 'H-NMR &, i
BIRT DL, B T A #5m ) P3DT FRAFIE[2. 31 (2H) .
1.60(2H), 1.27 (14H) . 0. 88 (3H) ] 4b, i n] W,
3BrT Mg kg [7. 0(1HD ], X & 1 T—Br BiE
V5L 35 1 WA P, 375 S R

)

80 70 60 50 40 30 20 10 00
5/(x10-)

K 2 P3DT-co-P3BrT #y ' H-NMR i &

2.2 FT-IR &1f

P3DT Hl P3DT-co-P3BrT B FT-IR i [& 43 5
W3 FNE 4, B3 AT L, P AL 2956em T R
—CH A 1A X FR A 45 4 2l 1 52925 Fi 2856cm ™!
X —CH, A1 Y fif 45 PR 2l i ; 1628 Fl 1458cm
X R C=C iy i 45 4 3 0% ; 1381 A1 710cm ' Xf

BEREI%

<
v
o
Y
Q

1 1 1 1 1 1381.5 1
4000 3500 3000 2500 2000 1500 1000 500
K /nm

3 P3DT Y FT-IR 3% Xl

BRI %

1381.5

4000 3500 3000 2500 2000 1500 1000 500
K /nm

& 4 P3DT-co-P3BrT i FT-IR &

M —CH, K& J i XF Fr 22 2 P8 2 % ; 1319, 1080 Al
818cm ' X i —CH 3 A1 1 11 P4 25 il 4ig 20 0% 5 609,
548 Fl 470cm ' X C—S B 4 45 4 gh e, 3
WG BB =9 P3DT,

B 4 B, K 2925em b h—CH, %41 #Y
N R A8 45 5 Bl 06 5 2856em ™ X i —CH, 3 H A
X R AR 45 4R 36, 1620em ! X C=C & A1 i filt 45
PRBNIE 1381 em ' XF W —CH, 5 A1 5 %R 28 T2 4% 3
g, 1072em " Xt —CH 3 A /4 17 9 2 il 3% 3h 1,
702cm X —CH, 3 F {9 X AR AR JE Pk 8 1%, 609/
548/470cm "Xt R C—S Fe H 1 A 45 Pk shide 15 A
AT P3DT-co-P3BrT L E ¥y, X} b P3DT A
P3DT-co-P3BrT 1y FT-IR % & ] %1, P3DT-co-
P3BrT (4¢AE 2 A 4 2 41 %t T P3DT 4L %, it W
P3DT-co-P3BrT H 477 — Br B fig Bl 5 £ % W i 1
SR .
2.3 EDS o7

FESL Y EDS JTE 43 B 4300 UL 5 FE 6, i 1A
" W, P3DT-co-P3BrT-2 Hil P3DT-co-P3BrT-3 H*
S/Br W J5 ¥ E b 43 1 A 89. 20/10..80(9: 1) Al
49.94/50.06(1: D, Yt W& 3DT 5 3BrT A4 K}
Fort 5: 1 CEER B, F D 4 &3 5: 2, P3DT-co-
P3BrT Ay Br & B #FH Tt

Br

TR REESE/ BTENEI%

SK 76.81 89.20
S BrK 23.19 10.80
Total 100.00 100.00

0.80 1.60 2.40 3.20 4.00 4.80 5.60 6.40 7.20 8.00
5/(x107%)

B 5 P3DT-co-P3BrT-2 i) EDS i &

Br
JCE FRREM/% RTFESH /% K-Ratio
SK 28.69 50.06 0.1938
S BrK 71.31 49.94 0.6553
\ Total 100.00 100.00
f\ ‘ | n
|
W\ \,J L
0.80 1.60 2.40 3.20 4.00 4.80 5.60 6.40 7.20 8.00
5/(x1076)

B 6 P3DT-co-P3BrT-3 i1y EDS i [&]

2.4 TEM $#f
P3DT-co-P3BrT ) TEM JE S tn & 7 ff 7,
E 7(a) BR.P3DT-co-P3BrT T H 41 2 i 52 4 )



% 5 W B A L R (33 B ) —co- SR (3-TREWD) W & 5 PO M RE T 5T « 157 »

O BEIR RAEDS 4 95 20 50nm. &l 7(b) TR 43T
M 5 B R G W) S B A L X e R EE M AT A -
REFTNOERB., REBRTTAYH ~REAH T

HL T A A5 4 FIOL R A 10

B 7 P3DT-co-P3BrT ) TEM [ (a) & J&&Bjik K& (b)

2.5 HFHEEESH

P3DT-co-P3BrT #y UV-Vis i & 40 & 8 fr 7,
B E AT, B %5 P3DT & &9 . P3BrT & iy
TR, P3DT-co-P3BrT [ 25 41 W Wi 32 7 1 548, 4 341
i % 1 P3DT-co-P3BrT-1 B 300nm & ¥ £ % #|
P3DT-co-P3BrT-5 ) 350nm. Al W B9 2% 45 55 B
4.13eV T B¢ 2| 3.54eV, X & @ T 7 P3DT-co-
P3BrT #1,3DT Hl 3BrT 2 A1 i 37 (D-n-A) HL
TEEH KA R B SR B A T L e O Bl 1 L
HEEG T R WK 2R Wi st

24r —— P3DT-co-P3BrT-5

~~~~~ P3DT-co-P3BrT-4
2.0 - - = P3DT-co-P3B:T-3
—-—--P3DT-co-P3B:T-2
---=- P3DT-co-P3B:rT-1

E 1.6

1.2

= 0.8}
0.4F
1 1 “5‘,‘.
350 400 450 500

/nm

0.0 : :
200 250 300
Kl 8 P3DT-co-P3BrT i) UV-Vis i &l

P3DT-co-P3BrT MFa A 2¢ 06 (PL) JE & i i 9
Fros B B AU B P3BrT % & 19> . P3DT &
Y hn, P3DT-co-P3BrT-1 & P3DT-co-P3BrT-4
P E BT SR IE WAL . dRSEE T PSDT & & ik %)
BB 3DT:3BrT=1: 1 (RIAE i P3DT-co-P3BrT-5) ,

— P30T
6x10%r P - - - P3DT-co-P3BrT1
£ S, -+ -+ P3DT-co-P3BrT2

3 5x10%F / ~ —-= P3DT-co-P3B:T3
et . ---= P3DT-co-P3BIT4
< 4x10%+ i AN P3DT-co-P3BrTS

5 3x10°

R .

R0 /L
1x10°F /7

of ", , . .
500 550 600 650 700 750
/nm

K9 P3DT-co-P3BrT Al P3DT MY Fa 2575 61 A

P3DT-co-P3BrT G0 E T R, XK N A

P3DT & & e R L B & -3, P3DT-co-

P3BrT WIPES /)N, 43 4 20 3 s 43 5 (8] Bl 48 2% %

PIHLE BT SO0 R T B 7 AR VR R Gl ) 7%

Ko AN, D-A RO R A 4 T B R R R K

&, XL P3DT Y PL £k m] A1, o P3BrT & & 1]
P37 P3DT-co-P3BrT 1Y% ) & B o BE 4181

H T P3BrT 763 5 v il R 45 2 A WF 58 i

T P3BrT W ERM R ZOEREE, 25 B W& 10 s,

Hi BRI UL, P3BrT By & K 345nm, & 5 I K

SN 718nm , AH N 25 Gl 3. 10e Vil T P3DT-co-

P3BrT (3.54 ~ 4.13eV, ¥ ). B & F P3DT

(2.53eV, iwHO ™,

6x10*

5x10*F

54’(104_

fsxlo"-

& ax10tt

1x10%F

—PL

550 650 750 850
Pk /nm

B 10 P3BrT #yAK A28t 1% K

0 1 1
250 350 450

P3DT.P3BrT Hl P3DT-co-P3BrT %2 Pk i
LE TR 2, Hd, geB AT 96 2 X35 45 L
(D,

AE o = 1240/ s onser (D

A AE A BEBR T T8 5 eV 5 A i onsed N R 1R UK
A nm,

b & P3DT-co-P3BrT H P3DT Y 43 B9 34 .
Aot HI P3DT-co-P3BrT-1 ) 300nm % fin 5|
P3DT-co-P3BrT-5 ) 350nm, AE,, B 4. 13eV F&AK
F| 3.54eV, FHNHE , F K2R (A ) A 561nm

2 F) 544nm,
% 2 P3DT.P3BrT 71 P3DT-co-P3BrT B¢ F 14 /R

A e\l)ymax/ A abs—ouscl/ PL 2 max/ AEopl/

i

nm nm nm eV
P3DT 410 490 540 2.53
P3BrT ¥k 345 400 718 3.10
P3DT-co-P3BrT-1 280 300 544 4.13
P3DT-co-P3BrT-2 280 308 549 4. 03
P3DT-co-P3BrT-3 280 311 550 3.99
P3DT-co-P3BrT-4 280 325 550 3.82

P3DT-co-P3BrT-5 280 350 561 3.54




« 158 1 T A R

%49 %

T T P3DT-co-P3BrT & 3BrT WY EER L,
F5E T 5 0 1 45 5 WE Wy 17 A 0 1 0 2% 1 BB 1 1T B
P, WF5E & B IR BUCIE XS P3DT-co-P3BrT 1Y 7€)t
5 AN TR AT B R g, B P3DT-co-P3BrT
IR Y b 3BrT F & A4 5, PSDT-co-P3BrT %
e W W 8. 33BrT LA KR & & X P3DT-co-
P3BrT 75 [ R FE W /8 30 L 3R 46 285 1 52 W A5 F+f
AW .

&k

[ 1] Gondek E,Kityk I V, Daniel A.Photovoltaic effect in single
layer 1H-pyrazolo 3,4-b quinoline and 1H-pyrazolo 3,4-b qui-
oxaline/poly( 3-decylthiophene) polymer cells[ ] ]. Zeitschrift
Fur Naturforschung Section a-a Journal of Physical Sciences,
2009,64(9-10) :632-638.

[ 2] Manuelli A, Persano L, Pisignano D. Flexible organic field-
effect transistors based on electrospun conjugated polymer
nanofibers with high bending stability[ J]. Organic Electron-
ics,2014,15(5):1056-1061.

[ 3] Bolognesi A,Catellani M, Destri S,et al. Evidence of chain pla-
narity in polyalkylthiophene-low-temperature structural-anal-
ysis of poly(3-decylthiophene)[]J].Makromolekulare Chemie-
Rapid Communications,1991,12(1) :9-14.

[ 4] Bubeck C,Kaltbeitzel A,Grund A, et al.Resonant degenerate
4-wave-mixing and scaling laws for saturable absorption in
thin-films of conjugated polymers and rhodamine-6g [ ] ].
Chemical Physics,1991,154(2) :343-348.

[ 5] Neher D,Wolf A,Leclerc M, et al.Optical 3rd-harmonic gen-
eration in substituted poly(phenylacetylenes) and poly(3-de-
cylthiophenes) [ J]. Synthetic Metals, 1990, 37 (1-3); 249-
253.

[ 6] Millefilorini S,Kozma E,Catellani M, et al.Dithienothiophene
based polymer as electron donor in plastic solar cells[J].Thin
Solid Films,2008,516(20) :7205-7208.

[ 7] Oztemiz S,Beaucage G, Ceylan O, et al.Synthesis, character-
ization and molecular weight studies of certain soluble poly(3-
alkylthiophene) conducting polymers [ J ]. Journal of Solid
State Electrochemistry,2004,8(11):928-931.

[ 8] Hanna R, Leclerc M. Synthesis and characterization of new
processible conducting copolymers derived from thiophenes
[J].Chemistry of Materials,1996,8(7):1512-1518.

[ 9] Oztemiz S,Beaucage G,Ceylan O, et al.Synthesis. character-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

ization and molecular weight studies of certain soluble poly(3-
alkylthiophene) conducting polymers [ ] ]. Journal of Solid
State Electrochemistry,2004,8(11):928-931.

Zhang ] C,Zheng X,Chen M, et al. Synthesis and application
of solar cells of poly (3-decylthiophene)/N/titanium dioxide
hybrid[J].Express Polymer Letters,2011,5(5):401-408.
Dong Y,Lu J,Yan F,et al.Optical study of poly(3-decylthio-
phene) /CdS nanocomposites[ ] ]. Polymer Composites, 2009,
30(6):723-730.

Stein P C, Botta C, Bolognesi A, et al. NMR-study of the
structural defects in poly(3-alkylthiophene) s-influence of the
polymerization method[ ] ]. Synthetic Metals, 1995, 69 (1-3):
305-306.

Efimov I, Hillman A R.Correlation of viscoelastic properties
with solvation of regioregular poly(3-ddecylthiophene) films
[7]. Analytical Chemistry»2006,78(11) :3616-3623.

Prosa T J,Winokur M J, McCullough R D.Evidence of a novel
side chain structure in regioregular poly ( 3-alkylthiophenes)
[J].Macromolecules,1996,29(10) ; 3654-3656.

Louarn G, Trznadel M, Zagorska M, et al.Spectroscopic stud-
ies of regioregular poly(3-decylthiophene)[]J].Synthetic Met-
als,1997,84(1-3) :579-580.

Luzny W. X-ray-diffraction and computer modeling study of
the structure and conformation of poly(3-decylthiophene)[]J].
Acta Crystallographica Section B-Structural Science, 1995,
51:255-260.

Hapip A T A, Abd Wahab F,Sulaiman K.Influence of poly(3-
alkylthiophene) (P3ATs) structure on P3AT/Gaq3 films for
organic solar cells[ J].Materials Research Innovations, 2011,
15:198-201.

Luzny W,Zagorska M.Effect of uniaxial stretching on struc-
tural properties of poly (3-alkylthiophenes) [[J]. Acta Physica
Polonica A,1997,92(3) :491-500.

Donuru V R, Vegesna G K, Velayudham S, et al. Synthesis
and optical properties of red and deep-red emissive polymeric
and copolymeric BODIPY dyes[ J]. Chemistry of Materials,
2009,21(10):2130-2138.

Back ] W,Song E A,Lee K J,et al.Structures and properties
of poly(3-alkylthiophene) thin-films fabricated though vapor-
phase polymerization[ J]. Journal of Nanoscience and Nano-
technology,2012,12(2) : 1461-1465.

Zhang ] C,Yu W,Li Q Y.et al.Electronic structure effect of
polythiophene derivatives and nano N-Zn-Ag/TiO: on per-
formance of organic thin film solar cell[ J].Chemical Research

in Chinese Universities,2013,29(5):998-1002.





