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Abstract: Poly(9,9-dioctylfluorene) (PFO) is a type of classic blue-light conjugated polymer that has
attracted widespread attention due to its specially ordered planarized f conformation. Increasing the content
of f conformation in the film will help improve device performance such as carrier mobility. Recent
studies have found that blending PFO with other types of polymers can help increase the f conformation
content in films. Based on this, this paper studied the effects of the content of poly[bis(4-phenyl)
(2,4,6-trimethylphenyl)amine] (PTAA) and the solute concentration of the blend on the f conformation in
solutions and films. The results show that: when the concentration is constant, the f conformation content
in the solution and film first increases and then decreases with the increases of PTAA content; when the
content of PTAA ratio is constant, the f# conformation and ordered structure content in the solution and film
first increase and then decrease with the increase of concentration. We analyzed that this is related to the
self-folding and steric hindrance of the PFO molecular chain in the blend system.

Keywords:  Conformation; Poly(9,9-dioctylfluorene); Poly[bis(4-phenyl)(2,4,6-trimethylphenyl)amine]
(PTAA); Concentration; Blend

2024-01-10 Yt FE , 2024-02-19 %, 2024-04-02 P45 H J7

FEGTH . EHHE HRPEREETH (G445 21905078,21907024), H [ - Jn Blof R4 I H (GE4: 5 2023M730987),
T 8 SR RHIFS H (9 H 5 HN2022035), 30 /9 BE TR 2154 (G425 B2018-47,B2019-37), Il 19 44 i A0 3 AR
BHIR 55 $% %98 4x (1 H 5 NSFRF230407)

ARSI H T SCRRARE, 5 AR S — IR B AE www.gfztb.com

THEBE R 2595, E-mail: taolil7@hpu.edu.cn; ffif}, E-mail: lud@jlu.edu.cn

doi: 10.14028/j.cnki.1003-3726.2024.24.013



7 KBS  R=57 0 RYIRE R PSR RO .+ 935 -

SIF: R, 20—, SRERE, 206, REARRH, XIeHE, Bt R =I5/ RAILIRE R T IEER R TT. &%

i@ 4R, 2024, 37(7), 934-943

Citation: Guan, Y. J.; Qin, J. Y.; Zhang, Y. H.; Li, T.; Cheng, D. Y.; Liu, L. H.; Lu, D. Study on chain conformation
in polytriarylamine/polyfluorene blend system. Polym. Bull. (in Chinese), 2024, 37(7), 934-943

ST A B A R (D LR B L RO
AN T ERE, AT TR AR R T AL
Sy R8T AR P A WU B A vt AT Ak 2 A IR
W A RIS, R R B K,
PR AL R A B IR AR PR T I LK
PR T f i AR T AR TR SR AE L R A
A 5 M B R O A D 4 S LA A (R AR L R
PEEEERE . BRI, 410 HE SR A I b A 2
BERS MR HAT RN FIRA D2

WHi R — KA MBI R, B B 0%
RN R AT E VD, B (9,9- = ¥3) %)
(PFO) 2 B v (B2 7 1, DRI B — Rl Bk 1)
VRS G (BRG] %5k, PFOMEH AF(E
PR R, — bR B N LR A N 135° [ a k) %
(B 1@, 57— b S 4 Py 5% £ 40 165° 1) p 14
Z(E1O)Y . HatyGmitl, pHG T HEILFLE K
KA, TN T 20 THE AR R SR K, G
AR T B WAL, TR SRR T
RERFFCAE : 8 W R TR AT RS

S B ST Bl T3 B HAT A AR P,

RIS R B BB R 32 B a0 N A
F (N5 T-E)IMNAEE T B )
T hb 77 3R (B ok W7 &S g . B
R LKA 92 % 22, (H K 2 304 op T %) PFO B 41 4y
(I 72, AATIE o 25025 PRO [ 4 - 5« 34 B A1l
R T B I AN R R ) p R
A /D FR AN BIF IS % I, AT LU PRO b5 A kA
LT IR A K 2 PRO [ f 1 5 5 B . i Sato 25 14
¥ PFO 55 5 2.0% (PS) 3LIR, RILIEW h vl 7= 2k
R AR G, ELT N 5 ) R S A
R F A KR FE . H I, R R SR VR 5 PFO

(1) B G &, i 4% e G FRL A I PRO S 2844,
HARAT A SRRV R I VR AT R B KA
AT SR 7. AR, TR & 1& R &M RS
PFO LV 2 il & i Mk g i B R & B I PFO
R 1 R SR B — 2D . SR [ (4- 3 )(2,4,6-
= HE IR L) JZ J(PTAA) & L0 R & Wb Ak 75
R (Bl 1c), HEA RIFHNE P F20E DL
2 AL T R R U S AR sk U KB
Hh Al FH A A B A FEL b B 3 RS SR A 1) 23 A i
JERPRLT L (H R T T AR BRI, LA R
%, #HEHPFOMATIIR, G5l NRZH HB R
JTIHE A p A 5, BRAE _EAG BT 2403t AP 35
SERRFIE AT 33E — 25 52 i 2 A 12 B

5 LA _EAF 70 g, A crh, JRAT R
7 PFO/PTAA L3R LU A7) Je VA MR S0 IR B X0 V5
FNVE G R pA R . B i I R Ak - T
W B (UV-Vis). 28 6063 (PL) M1S) 2506 Bl
(DLS) fiff 5T PTAA Jii 5 Eb 451 B2 %5 o 4 J8 A 44 ) 3
TR TR o 43 T B 5 A D B A B IR S M A T
FoR 4k SR 6 5T 71 B (AFM) Al o'
AT (POM) I 7T T I3 3 R P58 A 6o VS 45 Y e
PR E & RV B B o iR AR BT Fi 45
FXFAH MR REAT T Wit . X NIRFTILIR 5%
PEF BRI R BT LR | 3 % A o i Lb R ik R 4%
S5 A1) % v B B B I I RR R R, AT 1]
R R L AR SR AL T BRI SEAR AR o

1 SKIEERoy

1.1 SEIEMR RS &
%X (9,9- — 3 3 7 )(PFO) Iy T American Dye
Source /A 7, it 5 A ADS329BE, 7 F &£ N 1.17 X

© CH,
ch’i “CH,
N

Bl 1 PFO )7 745H: (a) a R (b) S #5L; (c) PTAA [115) T-45 14

Figure 1 Molecular structures of PFO: (a) a conformation and (b) # conformation; (c) Molecular structure of PTAA



+ 936 - A

2024 4

10°, PDIJy 1.42, B[ AL (4- 3 )(2,4,6- = FRIEFIL)
Ji% J(PTAA) T 1 R EHE A A, #it5 9976751,
T EANS.0X 0% A 40 >99.7%,
1,2- & &%t (DCE) 40 &> 99.7%, 351 T R
LR, R R AR D Ak

ANIF) PTAA J5i £ LU AR P 375 Y30R 8 ) 2% 3o e«
S5 PFO R PTAA 43 ) 78 73 W T W 2R v, TR
BOAS [ J5 & LG A7) () PTAA %58 2 PFO 15 3, 15
FPTAA Jii & EE ] N 0%~100% (K ¥ . ol 5 1%
TR R 2R FE Y 9 2 mg/mL. HU LA B VAR =5
N EA1000 r/min J# 2 JiE 4R 30 s, 15 24 [F PTAA Jifi
2 LA AT X 7 P g e 6 S

AN TR O A P DV A Y VR P ok 2% X
] 4% 5 2 ¥ PTAA Fl PFO 3t [5] 3% i 5 FE 28 rh, 7
VW5 T A B 2 BT TR R B, 13 B PTAA Ji & L
%178 50% TR A1 TSR FEAE 1~10 mg/mL 7R &
. UL b WAE = 3R R L1000 r/min E ¥R
30 s, BPAS 30 A [F] ¥ o3 94 P I 000 Y S .
VB[] I 92 VL AE 1,2- S 4 J5E (DCE) ¥ 3 1 30 s
Jei » B B AR T4, BRI £ 2035 &) i T
1.2 Wik GE

A 2 & Bk H 6 B A (ALV-CGS3) i3 1T
VT B A K, W BT A SO EE N
2 cme FFH AR - 0] W43 06 06 FE 1 (UV-1700) i3
AT VRN IS () 28 71 - o] DL SR WA 1l R AR DK
VRN B B0 A BB JEEEE D 1 ey, 3R [ £E 300~
600 nm. 5L U] A 30 IR A D LR AR R
& LA, 2 A AR 5 BCEE, JaR AR,
FFH 35 [ 52 T 224 2% /A 7] (Edinburgh Instruments,
EI) {11 7%¢ %)t 14X (Edinburgh FLS 1000) 7 ] 5 ¥
TR (1 5 61, WOR I 380 nm, M
N 400~600 nm, | %<7 Axio Image2 Pol % ff
6 35 e A1 5 [ Bruker 24 7] A2 72 1 J5L 7 77 B A
(Dimension ICON) 147 L (R 1t AR 3K o

2 HER5TiR

2.1 PTAARELLHIFREEARIERE IR
AN A== 0 Al

N R G 7T PTAA XHR &1 & b B B 5
Wi, B JEAE 7 1RGO B E  . $E4kiE PFO
VR o k) G SR AR SRR AE U HE LPE 383 nm ¢
47 P2, BRGAS AR HY LA 433 nm 2 45 ), PTAA
1F 328 #1380 nm Ab#A KUK, 15 PFO ¥ o ¥4 RIUEH

—ERES M, mE 2) FiR, 24 PTAA 5 & H i
7F 0%~30% Fl 60%~100% I, 28 75 328 nm 7 7
BRI PTAARFEJH I, 7£ 385 nm [t it 45 PFO 1)
o K G R PTAA FFAE I [¥) 55 & ;. 4 PTAA i Lb
BITE 40%~60% I, HIZEIETEZ 434 nm AL HIBL T )
NIHEE ) BRI BRRIE G o F B YRR 45 R R - Bl
% PTAA J5i & LUATI I 40% 38K 51 60%, EIRME T4
S, (SR GURFIEVE I i FE AR 2 M T et
JE BRI . i gk (R SRR RLETST)
THEABRR AV RIS 5 PFO [ L (FEF 3¢
ikl 22 S1), K& 5 PTAA i & L 0% R AR AL 1A
(Kl 2d), &I PTAA LA TE 0%~30% F1 70%~100%
I BRI 59 0; PTAA Jii & LUAGI7E 40%. 50% Al
60% If , B G5 T3 T2 1.0%- 1.9%- 0.8%,
JeFt i fa AR B S

T WS W SR A B, FRATTAT B
RI: A PFO WM A BIIG, (M & LL
) PTAA RJ LAEf# PFO % 25 ¥4 A #528 J li h
I BH %o X5 PTAA NN it 72 mf 43 1 B 45 ¥4 1)
AN AZAT — B IRk N TIRN T M ML,
I Bha 6 HUR (DLS) W 58 1 VR & i W Hh 70 14
MAETERES . E2(b) N LL B b i sh 1) 2
AR (Ry) 0 Ao 45 R 7R IRA IRk 42
SYARLE 2~6 nm 2 [, 3% & T 2k X A B, I HLE
PTAA LV {51 38 i 34 0, i B PTAA R85 Y Ry K
FPFO. 25K IRAER A 7> T N 8
TN BAR AN 5 5 & L PTAA #RAS 2 U IR A
T PFO Y BEEIR TS

Al DL, PTAA Jiii & A3 <2 52 M i H 16 R 5
TR, AN R ) pR RS B N R
FERIAS A2 FRAT IR AR I8 I 6 1% R AT 20X — it
Fio B 2(c) A DA bV VRUIE ¥ T 45 6 JE 11 45 4 - T
WG 1. 24 PTAA i & H 6 76 40%~60%
I, R O B, pH RO AR I I 1E 5 BN B
2, BIET AR . [RIFEE I o 1
(HLFSCREMBHE ST THE AT 2R & B o f R
B B (1 S FF MR ST) K Fifi PTAA L 1 42 16
it 25 (& 2d). & BLPTAA J5i & L A5 £F 0%~30% Al
70%~100% I}, V&£ ¥ 5 7 o p 74 55 T PTAA Ji
B ELAFIE 40%. 50% H160% I, Y& T b p A 5
BRI ML 9.9%. 10.6% F19.7%, iX b4k B 5y
WA RS BRI —, FEhTta)E
BEARII45 18, (BESUE A BRI



7 REAESE  R=T5 e RH HR M R T B R 5 .+ 937 .
a _» a Conformation  — 30% ;ﬁ LOFp n’Dh\ —o—0%
_ 1.0 — 40% = 05¢ D/ o
2 —50% |~ qoP "
508 . el 7 o 40%
8 S Conformation = 05} v
=] / A
£ = 1.0F ST
£ 0.6 2N & 0'5 Y —o—50%
=} /~ < 05F
= 0.011- \ d %
04 \, < 107 2 e 60%
Té ) = 05F /A/ A
=) . . — AL D NN
z 02 0'07 430 440 = 1.0 2% L 100%
< 05F o Y
0.0 L Il L Il n 0/ ,OO
300 350 400 450 500 550 600 100 10! 102
Wavelength (nm) R, (nm)
12
10 _» oo Conformation — 0% d 10.6% —0— Solutions
’ —10% M
10+
/ Conformation  — 20%
0.8 —30% ol
—40%

<
=N

/é\ —50%
- —60%
\—\

e N —70%

K —80%

—90%
100%

<
IS

Normalized absorbance (a.u.)

<
o

Wavelength (nm)

0.0 L L
300 350 400 45 500 550 600

e =)}
T T

S Conformation content (%)
)
T

(=]
T

1 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90
PTAA content (%)

2 (a) PTAA 88 0%~100% FIVETR A —AL 540 AT WOt 1S ; (b) AN R PTAA & B RVE IR II/KE) /12429010 5 (c) PTAA &
TN 0%~100% B A — A 540 AT WOGHE s (dVE RN b g # R & PTAA &8 2 A ARSI

Figure 2 (a) Normalized UV-Vis spectra of solutions with PTAA content from 0% to 100%; (b) Hydrodynamic radius distribution
of solutions with different PTAA contents; (c) Normalized UV-Vis spectra of films with PTAA content from 0% to 100%;

(d) Correlation between /5 conformation content and PTAA content in solutions and films
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Figure 3 (a) Normalized UV-Vis spectra of solutions with concentrations from 1 mg/mL to 10 mg/mL; (b) Hydrodynamic

radius distribution of solutions with different concentrations; (c) Normalized UV-Vis spectra of films with concentrations from

1 mg/mL to 10 mg/mL; (d) Correlation between f conformation content and concentration in solutions and films
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Figure 4 (a) Normalized UV-Vis spectra of films with concentrations from 1 mg/mL to 10 mg/mL; (b) Correlation between /3
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Figure 5 AFM images of films with different concentrations: (a) 1 mg/mL, (b) 6 mg/mL, (c) 10 mg/mL; POM images of films

with different concentrations: (d) 1 mg/mL, (e) 6 mg/mL, (f) 10 mg/mL
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Figure 6 (a) Mechanism of the transformation process of chain structure from solution to film with different PTAA contents;

(b) Mechanism of the transformation process of chain structure from solution to film with different concentrations
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