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Fig. 1. Chemical structure of PFO-DBT.
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Fig. 2. (color online) Schematic of the experimental setup.

K2 (MTIRG) Sk E K

3 4R 5t
3.1 FTRMKAERANE S FrTE
i

K 3 (a) A BEH R TRE S AE T8 R AR~ T
I SR 4E 2 f) PRO-DBT L4 28 A ) 51 43 75 6 1
%, AR XN 24.6 pm x 24.6 pm. FEHEEANR

12000

VEE Ak

MAEPFO-DBT .57 1. K3 (b) FE 3 (c) I
Hu SR T A RV R i 4 ) PRO-DBT #7315
PO ZE S, B3 (b) R RV R £ 1) PFO-
DBT #7551 I R OB, ﬂ&ﬁfﬂ%&&%ﬁﬁ@ﬁ%
B 5 I D IR A BB IR A R AR L. 13 (c)
N & AT ¥ 77 1 4 1 PRO-DBT 43 1 158 %
B, BEANEER OO IR BRI BRI, 5 PR
ONVE TR ) 5 R ) G B R AN S5 71
2% 1 3 T S AR I I 2 Kk U B14T D, B
BOGESHOR, 2 MK EOBZBEHHEZICEA. AR
VA R ) % B L BE SR A W 0 AR R IS RO
YRR VR T 70 TR R 22 5, FEVE MRVE LT BOAK
PRI, R B R R 18] A AH ELVE F B, L BE
REVEERIEMII R, FH S, 12 AR K AR
YEVE I, RE W EERA R A AR 55, LR
YRR MG P B3 (d) BR TSN
M RAERL, 3 (e) R JIEARBEMII RS, &
(AR S s R N R T I PAS $F$fu‘%éf§?£~¢_
T AR AR IR A P -5 B AN [F) 3L B8 54 T A1 1 e
R e = A RS (B ) b_a-'iﬂffrz) W], 1 e B RIS )
FLHE SR TTAOL. AR B 50 T BE A AN R F8 23 f
FLHE B TR />, BT TR AR EAE 85, BE A RE
BRSSP, BEN RE R R AR
) RN, RS2 LA L B 123339 T 5 8
B Ty, TR E RO RS, Tk
R A, O IR B,

(b)

9000

6000

3000

Intensity /counts

(d)

10 20 30 40 50 60

Time/s
15000
@ (c) (e)
£ 12000
Q
N
> 9000
=
2um £ 6000 ,
— Q
E O\
0 - 3
10 30 0
Time/s

3 (TR (a) PRFO-DBT ¥4 TR RIAMARE, (b), (c) 4B ST I H 1 4 (24 PFO-DBT .40
TSR SRR & 10 A PRO-DBT 2840 T-IIFEHUE; (d) 18 M SR, (o) FEM I S

Fig. 3.

(color online) (a) Focused wide-field imaging of single PFO-DBT molecules; (b) and (c) the fluorescence

trajectories of single PFO-DBT prepared by dissolving in toluene solvent and chloroform solvent, respectively;

(d) model of folded chain conformation; (e) model of extended chain conformation.
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Fig. 4. (color online) (a) Defocused images of single PFO-DBT molecules embedded in a thin PMMA polymer film;

(b) three-dimensional projection of single molecule’s emission dipole moment, 6 is out-of-plane angle and ¢ indicates

the in-plane angle; (c) the angular information obtained by pattern matching the single PFO-DBT molecule in (a).
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Fig. 5. (color online) (a) The fluorescence trajectory and the corresponding defocused fluorescent images of single

PFO-DBT polymer chain with extended conformation prepared with chloroform solvent; (b) the fluorescence trajec-

tory and the corresponding defocused fluorescent images of single PFO-DBT polymer chain with folded conformation

prepared with toluene solvent.
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Fig. 6. (color online) (a) The angular information obtained by pattern matching the defocused images of single

PFO-DBT molecule; (b) polar plots showing the time evolution of the orientation of a single molecule.
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Abstract

Study of the relationship between conformation and photophysics of individual m-conjugated polymer chain is
one of the most important problems in polymer nanoscience and nanotechnology, which will facilitate the application of
conjugated polymer in a range of electronic devices such as organic field-effect transistors, light-emitting diodes, and solar
cells. Single-molecule spectroscopy has emerged as a powerful tool to unravel structure and dynamic heterogeneities that
are hidden in ensemble average. Identification of the emitting segments through fluorescence of single conjugated polymer
molecules and their dependence on the conformation can help reveal the mechanism and the extent of energy transfer
process in a single polymer chain. In this paper, the photophysical properties of individual poly[2, 7-(9, 9-dioctylfluorene)-
alt-4, 7-bis(thiophen-2-yl) benzo-2, 1, 3-thiadiazole] (PFO-DBT) conjugated polymer molecules are measured based on
the defocused wide-field microscopy of single molecules. The single PFO-DBT molecules are prepared on cleaned glass
coverslips by spin-coating solution of poly[methyl methacrylate] (PMMA) containing 1x10~° mol/L PFO-DBT molecules
in chloroform and toluene, respectively. Defocused imaging of single conjugated polymer molecule is performed based
on a wide-field fluorescence microscope system. The change of defocused patterns of individual polymer chain maps
the angular distribution of emitted chromophore and thus the emitting dipole orientation. Fluorescence trajectory and
corresponding emission dipole moments of single conjugated polymer molecules are analyzed to identify the emitting
conjugated segments. It is found that single PFO-DBT conjugated polymer molecules prepared by chloroform solvent
show extended conformation. The intrachain energy transfer is dominant in the single conjugated polymer molecules

that take extended conformation, which leads to photophysical properties of multiple chromophores. In contrast, single
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PFO-DBT conjugated polymer molecules prepared by toluene solvent hold folded conformation, which exhibit emission
from single chromophore due to efficient interchain energy transfer. The emitting chromophore is not constant in a
single PFO-DBT conjugated polymer molecule with folded conformation. About 35% of the single conjugated molecules
prepared with toluene show only one constant emitting chromophore before photobleaching. However, about 65% of
single conjugated polymer molecules prepared with toluene show two or more sequencely emitting chromophores. It can
be concluded that the energy transfer properties of single PFO-DBT conjugated polymer molecule is greatly dependent on
the conformation, which can be reflected in its photophysical properties. The study on the influence of single conjugated
polymer conformation on energy transfer efficiency can provide the reference for the preparation and performance of

optoelectronic devices and molecular devices based on conjugated polymer.

Keywords: conjugated polymer, energy transfer, conformation, defocused imaging
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