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Quantitative Structure—property Relationship of Polyfluorene Conjugated
Polymers Condensed State from Solution to Film

Zhang, Hao Huang, Long Li, Tao Liu, Bin Bai, Zeming Li, Xiaona Lu, Dan*

(State Key Laboratory of Supramolecular Structure and Materials, College of Chemistry, Jilin University, Changchun
130012)

Abstract Polyfluorenes are not only a class of classical blue conjugated polymers with high fluorescence efficiency and
good thermal stability, but also a hairy-rod polymer model due to their rigid main chain and flexible side chain. Therefore,
PFs have received attention and related reports are continuing. Most of the research on PFs has focused on the synthesis of
new functional materials and the improvement of device structure to improve their photoelectric properties. However, the
research on single chain conformation, chain aggregation structure, film condensed structure and photovoltaic devices per-
formance in the process of precursor solution to film are rarely reported. In recent years, our research group focused on the
quantitative structure-property relationship of polyfluorene conjugated polymers condensed state from solution to film. The
complex single chain and aggregate shape characteristics of PFs precursor solutions were studied by static/dynamic laser
scattering and other methods. Combining spectroscopy, electron microscopy and other methods, the kinetic evolution of PFs
in isolated single chain, aggregation condensed-structures, transition state and the mechanism and regularity of
B-conformation are revealed. Quantitative structure-property relationship of single-chain conformation of precursor solution,
aggregate structure of thin film and optoelectronic device performance is established. The aim is to improve the photoelectric
efficiency of the polymer from the intrinsic properties. The research will have important guiding significance not only for
polyfluorene-based polymers but also for the design and processing of the entire conjugated polymer materials.

Keywords conjugated polymer; chain conformation; aggregate state; photoelectric property; quantitative structure-property
relationship
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Figure 2 (a) UV absorption spectra of different chloroform/ethanol
ratio PFO solutions; (b) B conformation content in different chloro-
form/ethanol ratio PFO solutions
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Figure 3 (a) Normalized UV-vis absorption spectra of the solution with
the ratio of chloroform/ethanol 5 : 1 before filtration and after filtration;
(b) Normalized UV-vis absorption spectra of the solution with the ratio of
chloroform/ethanol 4 : 6 before filtration and after filtration
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Figure 4 Schematic diagram of the mesoscopic aggregation and mac-
roscopic aggregation formation mechanism of PFO
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Table 1 R,, R, and Ry/Ry values of PFO single chain as a function of
ethanol ratio in toluene/ethanol solutions

LA 0% 10% 20% 30%
R/nm 24.5 17.8 14.1 11.6
Ry/nm 11.0 113 11.6 11.9
R/Ry 2.23 1.57 121 0.98
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Figure 6 (a) Normalized intensity correlation function of PFO solution
at 0%~30% ethanol ratio; (b) Hydrodynamic radius (R)) distribution
curve of PFO solution at 0%~30% ethanol ratio

Ethanol%=0 0< Ethanol%<40%

e g/
o=

Ethanol%240%

q(/ More Collapsed Chains
/ iyt )(\ by intrachain interaction

Aggregations without
ﬁ Q ) B conformation

o conformation
Aggregations without Interchain interaction and
@ conformation Intrachain interaction are
strong enough
i Aggregations with
B conformation { conformation

Bl 7 BEEBIER CRELLEIIE N, PFO M EEL MR 5 B AHINIE
[DIBEYES

Figure 7 Schematic diagram of the formation mechanism of the chain
structure and the § phase in the PFO solution as the proportion of ethanol
increases

NTRRBIEZN PRO AT NIREE, FATH
FAFHE R LA S PFO B AR 1) o ¥4 S AR F 41
WF T PFO B MIARM o MREALRIZ) 15 78 KAl
FRBA S ZEE LN 4 01 () PFO VTR, 7E 303~
335 K U B B HE AT R AN, S8 R RS ER
[ Tzl B RIS B 8 FiR). K ILKE
TEETEE, BRI G I PR R AE 318 K AL BREL 4. il
318 K AHFlIt B RES LM IEAS M, Z R
WEVEE A, 8 B R EUR, BT T SR R
SRR 9 FiR). BT IZE T 5,
Ry, R IZH T BT Ry Ry TH 151, 3R W SRAE AR AT R BR TR
PA Ry, Ry, R/ Ry =S50 B A S BEIR AR A, %
HAZ IR A B AR R P B MR 1) o K R 5L AR S) 7)
SRR KM (AN 10 FioR): TEIRBEAMA IR, b
T PFO r FEEMIIZ )AL T PFO 7 FHEIZBIIN H
AR, A P A B S HE R ) 43 T SRR S S5 MR
AR BN I IEAS 450, B AR AL ) e o 1)
R. B HIR ISR/ G A B RS LS M AT
PRGN 5 20 RUF R M M. X R UTE

400  http://sioc-journal.cn

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

~— Linear Fit of First step
~— Linear Fit of Second step

318K

Slope is -0.06

Slope is -0.15

%00 365 31‘0 3;5 3;0 3;5 3;0 3;5 340
Temperature/K

B8 303~335 KIREENHA/LEE=4/1 (V/V)H PFO I B 1%

R AL

Figure 8 f conformation content of PFO solution with toluene/ethanol

=4/1 (V/V) at 303~335 K temperature

250 [ Rg"

200 R,
E 150 323K
£
0z 100

50

3.0

A

25 /

20
:1.5 //
gg,'»“ A=l 3N K
s —aa"

0.0

300 310 320 330 340
Temperature /K

B9 303~335 Kl TR/ LB =4/1 (V/V)If) PFO W RIS
HIFITIAR ARG A2 Ry, AT 442 Ry MIARIE T Ry/Ry ZEAL A
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Figure 11 (a) Normalized intensity correlation function in different
molecular weight PFO solutions; (b) Hydrodynamic radius R, distribution
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Scheme 2 Chemical structure of studied PFs. R=C,H+1y; x=6, 7, 8, 9
and 10 for PF6, PF7, PF8, PF9 and PF10, respectively
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Figure 17 Trend of Ry/Ry, value with the side-chain length
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Figure 18 Fractal dimension d; value of aggregates of PF8, PF9 and
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Figure 20 (a) UV absorption spectrum of PFO solution with different
inferior solvent ratio; (b) UV absorption spectrum of PFO film with dif-
ferent inferior solvent ratio, the original concentration is 10 mg/mL
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B 21 (a) PFO B MR EA 0% photo-CELIV B HLIEHIZE; (b)
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Figure 21 (a) Photo-CELIV transients at varying light intensity under
holes with 0% P phase content; (b) Photo-CELIV transients at varying
light intensity under holes with 5.4% B phase content; (¢) Dependence of
hole mobility on the density of light with different  phase contents
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Figure 22 (a) UV absorption spectrum of film after low temperature
treatment of different concentrations of PFO solution; (b) UV absorption
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different concentration of 20% ethanol; (c) Corresponding PFO B phase
contents with changing concentration
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Figure 23 Process of molecular chain aggregation from the B phase
formation to the saturated state in the semi-dilute solution
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