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PFO 4k 2 45 ¥ 3 S = Fh R [ i 4 R 45 4 S FEAR AR N HH A 19 7R A (a) R=—=(CH,);CHj; (b) aMIR; (c) vy 14

Fig. 1. Chemical structure of PFO and Schematic illustration of three distinct conformational structures and their characteristic
intrachain torsional angles: (a) R=—=(CH,);CHjs; (b) o -phase; (c) -phase; (d) B-phase.
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carbon nanotubes, S-SACNTS), f 24 J5 1451
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13 PFO #5Btiz 8l A KA R R ) % 2847 A LU A
fERAS I B R AZ2E, WA PFO 7£ S-ACNTs 5 &
YERTR, Hoor 80T B B oK &S Ry 52 FRO7 i it
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® (9,9- ¢ H%5-2,7- 7.3 ) [poly(9,9-dioctyl-
fluorenyl-2,7-diyl)-end capped with DMP (PFO)]
5 H American Dye Source, ADS129BE, M, #J°}
50000 g/mol (M, FIHHEREY) PFO HE s+
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(CVD) J 75 A Bk ) 100 nm SiO, JZ
Fe/Al L2/ Si fib A AR WL fifi X Ao
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1E 55 °C 21F T, ¥ PFO 52418 T H 2K, #
% THRIAEE N 60 mg/mL 1) PFO W, HIRA
HWZER, FrE 24 h fHMERE2R0E. B ACNTs
R UTE 60 mg/mL ¥ E A9 PFO W 12 h, fif
PFO 7853iF A SIBEFE A B 8 BE 51 VA TR
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ACNTs 5 PFO Y Jit & It ). ¥ PFO% W UL
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T RE R L, B AR &, il & 1 PFO
% AT PEO&RCNTSs i AL 5, JRBE N (100 4+
10) pm. HRYEZATHGE, R NE & =S5
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[ 2 4%
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R HETA%ALE
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PRIV BE A O, A R0 A 4y B I 2 A
Shy i T 7= A B e 140 R IR ¥ B R 60 mg/mL
f) PFO ¥ A1 PFO&RCNTs {5 41 W EL 1517 B¢
#| 5 mg/mL, PR WOIEN (2000 rpm/1 min)
T 3 B R & PFO M S PFO&
RCNTs i, HJERE 53504 (100 + 5) nm, DI L
JT AR S AE R SARY F i Linkam LTS420 #46
HATIR K.

i 5 7 W B (SEM, H AR H 3723 #,
Hitachi S-4700) ¥ £ ACNTs, S-ACNTs L K&
PFO/S-ACNTs F iR IES N G451, ]
&S T B (TEM, FEI /A #], Tecnai G-20)
M CNT 1 HAR. A X ST HHL (XRD,
K3 2 B, X Pert-Pro MRD) %} PFO i & |

2 pm

I 2 pm

Kl 2 (a) PFO/S-ACNTs K i i £ W 21515 (b) ACNTs MESUCAR T /S 894 R IZT; (c) ACNTSs iy SEM #1 TEM [ (i [8]); (d), (e),

(f) A IA] i K A5 %L ACNTs, S-ACNTSs 1 PFO/S-ACNTs ) SEM &

Fig. 2. (a) Schematic preparation of PFO/S-ACNTs; (b) photographs of ACNTs before and after the densification; (¢) SEM and
TEM (insets) images of as-grown ACNTs; (d), (e), (f) SEM cross-section images of ACNTs, S-ACNTs and PFO/S-ACNTSs in the

same magnification.
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PFO/S-ACNTs fil PFO&RCNTSs i 5 £ & ik 47
YIRS 45k 23 HT, I 20 F RS g 4°—25°, H
A 2°/min. HAME IR ASBRSDOC G (SE
% T2\ F], FLS920) il # PFO #i X . PFO/S-
ACNTs Fl PFO&RCNTSs H JIE (1 2¢O & 95 6 1%
(PL spectra), fiff F 4855 7] UL 3% £1 40 43 56 % B 3t
(H A By HEA F], UV-3600) X PFO R HEFT H K
WO (UV-Vis spectra) Faill i, {8 2 B R0
Y (FILMETRICS 28 A, F20-UV) I & i A
A SRR B

3 #XR5i%®

HESEH) CVD Bl # (1 ACNTs HATIEH 4F
9 H ) M, FEAS AR, i W R
ACNTs 58 2R MAE H AR rh ) 7R R4 & i
T, ACNTSs I EBAN7ER 71 S ACNTs [1]
()75 45 B H- 3 1 mT LA 5 ACNTs 45 5 [a] B ik —
E 45 /N7, [ 2(b) S ACNTSs 253 280 46 wif i
FXTHERE], IO ACNTs RSTH#IEEE 10 mm x
10 mmx1 mm (£ x 58 x &) J8/NE] 4 mm x4 mmx
1 mm, f&B Y4tk 3] 6.25 6% . 76 & 2(d).
(e)ACNTSs Wi J5 i) SEM & iR aT L 0 3 7 )
HAE AR TA] B B S )N, (AR TH RS R G B ) 2

M4 Z BT 4R E ) ACNTs 45w (0] 5 A 33
K Ly = (sprr?h/M )Y — 27, Hiip s, 7 hy M
5y 9 & ACNTs #) % B (1 g/cm®). ACNTs
() X 3 18 AL (1 em?), ACNTs i 2E 4% (5.5 nm).,
ACNTs [ %) B & & (1 mm) f1 ACNTs Y it &
(2.3 mg), TFEARH T4 /5 ACNTs & Al #E K
/N JEERFES Y 53 nm I8 E 14.7 nm. Zead I 4n
Ab B AR E] T B PR TH PR R R4 RS-
ACNTs, AHXSF B4k FE 5 FLAE AR I B R /N, R FH %
W K- 456 1) J7 K PFO JH R3] CNTs i R
] B 2 1], o 6 e R 2(d), (f) WA &P i T
PFO 435 CNTs [0 Z [BIfFAEE n-nAHEAEA T,
Al DL PFO 43 F Lo 83 25 JF 22 [ 1Y B & 7
CNTs &M L, RS IHBA &L B E
R BRI,

el Xt PFO B HE 1T 58 40- 7] WG i
i (UV-vis absorption spectra) Fll%¢ Y6 & 4 6
W% (photoluminescence spectra) F&fiE, 41Kl 3(a)
FiR, RIAERBOEHE (W) th R BIAE 397 nm
Ak 335 SCER R E A o — B, R B AE R R e i
436 nm AMJE R T — 055 B UG, XTI B A G I A

TRV D2, AN DO A I (L0, Wk N
380 nm) 1, S B =ML AR Bl S B AL T 439,
466 nm Fl1 498 nm &b, 43 51 X N gH S 69 0—0,
0—1 F1 0—2 MY PR BhERIE ). WO 528 6 K& 5
Tk R IR THI % PFO BB & A —&
W S, TR, AT LLE BLA IR KB PFO/S-
ACNTs il PFO&RCNTSs M KL 5986 & 51K
WIETE B RAIE A 0, IX R T PFO/S-
ACNTs 5 PFO&RCNTSs i JEAE & R & AT —E
B A%, X ULl PFO R W ) R4 a]
DARRE 1353 15 2R 10,

Kl 3(a), (b), (c) & 7EAS [ AR K BT Ab 33
1 hJ5 i PFO # i . PFO/S-ACNTs il PFO&
RONTSs J#RRAE & 986 R 516, 1R SRR T
PFO [ RNRIE T, (156 °C)ML AT LUK B+
A fE 100 °C LU T AR IHOREE B9 5 192 SRR AIE e
R T AE XA E N B S R Y A
FaseE. {878 110 °C i, PFO A PFO&RCNTs
WEIBRE i R DG TT R R AR B RS, XV R T B4
TG ERRE B o G AL, 1 PFO/S-ACNTs
FEAN R BRI DGR IE A K AT TR 8, X
FWT PFO 4> T1E S-ACNTs JE R 1) 5Z BR 25 ] Fh
FEBz a2 B T RGR A, HeALER . &
i R AR KR I (120150 °C), B A kRS Y
0—0 R PHEX E T AR iR, (HHAZ D)
FREEEAFAE 2 5. PFO WE7E 130 °C TiR K 1 h
BF 0—0 & S50 ml LIS 2 432 nm (X 1 F PFO
o ¥94), i PFO/RCNTSs M7 B 7E 140 °C
Tk 1 h AfERE] 432 nm, Vi ICHLS> A A 5%
BX PFO B Briz sh A — & Ml /E . &
J& PFO/S-ACNTs #24E 150 °C TFiRk 1 /NEfA
REASFLH 432 nm. X WHE—L U T7E S-ACNTs
TE S Z R 25 6], PFO 2> T8EBLIZ 12 2 T fi
SERAGINE]. AR, MR AR 150 °C B, PFO #
<. PFO&RCNTs #fH PFO/S-ACNTSs (1) 00
KRGS LT 429 nm (MR T ot %), 430 nm
ARB AT o) F1 432 nm ([ T of #52)00,
HE—AE T ACNTs %t PFO 8 A 1 s s e 1
. El 3(e) /N T PFO 43 FAEARTRRAE T, 00
R SR Bt 1R R EE 1Y AR K. R TS, PFO
Gy FREBGZ B R TR, A () A A0 R R %
N7 U 5 A% B R BE RO A, AR PFO 43 14
Bz gl 32 B, VAR AR BT g e 5 AL 1Y
RN, [ 3(e) kLRI PFO HERE &
B IR THE, PRO 4 F4% Bz sh & 2 Witk
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JERTLL A R, RBUON A P g S m WA [ A7 AE 5 B3R 1Y m-n AN EL AR FH g, 1638 kot B,
M) of M REEAS ) B a5t A8 N o4 M 1E n-n A AR 145 PROS 55 B8 8 e —
PFO&RCNTs i, T PFO4rF45 CNTs 2 HBRIVEF, PRIt 7 22 0 e R A BE 1 B 52 s

(a) 1.0 1.0 b :
(b) 439 nm 466 nmé PFO film no heated
E’ 0.8 0.8 ‘? : 499 nm
72} wn
o &
] g H H
= . g : t
= 0.6 0.6 8 438 mm A yes PFO film heated 100 °C
o 5] H H
N N
= = 496 nm
s 04F 4 <
: 043
S ) H
Z 0.9 0.9~ 436nm e PFO film heated 110 °C
: ; 494 nm
0 , ; , 0 z
300 350 400 450 500 550 é H H
Wavelength/nm = 435 nm _—~ 463 nm | PFO film heated 120 °C
= : ; 492 nm
© 439 nm PFO/S-ACNTs no heated =
466 nm g
499 nm 5| 432nm ~U © PFO film heated 130 °C
Z. \ 461 nm

490 nm

438 nm PFO/S-ACNTs heated 100 °C

431 nm PFO film heated 140 °C

488 nm

498 nm

459 nm

438 nm /4 EPFO/S—ACNTS heated 110 °C

496 nm 429 nm PFO film heated 150 °C

ey 456 nm
g : : : { 485nm
< 435 nm A~ {PFO/S-ACNTs heated 120 °C
.~ \ B 1 1
E 493 nm 400 450 500 550
T‘é H H Wavelength/nm
Z‘a 435 nm~ PFO/S-ACNTs heated 130 °C
: PFO&RCNTS no heated

(d) ;
492 nm 438 nm

466 nm§
H 497 nm

433 nm~: ‘PFO/S-ACNTSs heated 140 °C
3 m

491 nm PFO&RCNTSs heated 100 °C

438 nm

495 nm

{PFO/S-ACNTSs heated 150 °C

432 ny 5460 nm +
b 490 nm 436 nm_~

{ PFO&RCNTS heated 110 °C

464 nm:
B 494 nm

. . ey

400 450 500 550 Z i

Wavelength/nm *qé 435 nm i PFO&RCNTS heated 120 °C
R= 462 nm!
k=] 4

(c) 440 § ! 492 nm

—=—PFO/S-ACNTs 2 -

. 5 :  PFO&RCNTS heated 130 °C

438 | —&—PFO&RCNTSs £ 433 nm {460 nm | S heate:

—4&—PFO film 490 nm

{ PFO&RCNTSs heated 140 °C
459 nm:
{ 487 nm

432 nm

Wavelength/nm
S
w
g

W

w

V)
T

 PFO&RCNTS heated 150 °C

430 nm
457 nm:
430 4 485 nm
1 1
28 L L L L L L L 400 450 500 550
no heated 100 110 120 130 140 150 Wavelength/nm

Temperature/°C

Kl 3 (a) PFO MM Y W OB (B ) 5206061 (40 6); (b), (¢), (d) 45X i PFO # i . PFO/S-ACNTs fil PFO&
RONTSs 52 B iR il B AR AR 28 O B (3% B K 380 nm); (e) = Ff PFO B i 0—0 & I i 0 437 Fifi 12 I 3 10 A 1k

Fig. 3. (a) UV-vis absorption spectra (blue) and PL spectra (red) of PFO film; PL spectra of PFO film, PFO/S-ACNTs and
PFO&RCNTs film with different annealing conditions corresponding to (b), (¢) and (d), respectively (the excitation wavelength is
380 nm); (e) annealing temperature dependence of the 0—0 emission peak of three PFO based samples.
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AR o MG, B H 00 & S IE (7 (430 nm)
LT o R 0—0 K EFIEIENL (429 nm), X
KU T O LA KRN oGS A P &5,
4 PFO 73 FTERR G A 32 BR 2 [8) Fl - mAH HAE
TIB W, Hoo T8 Bz 232 BRRR B e Kk
BRI in#AE] 150 °C B, 258 & S5 13 0—0
K FHEINAL 5hF) 432 nm, B PFO 1Y &4
(1) BAYGRELAR N o/ A5, H: SRR 28 R S (IR T
TIANPASRE S, FRRER W T B g KA 52 BR 2 () %t
PFO 1) s it e E .

T HE NG M AR R RS T PFO Y A
54, B TR AR UEAT T XRD BYRAE. 40
Kl 4(a) i, REHGR KB PFO EIRFESLE 20 =
7.24°(d = 1.22 nm, d A &uEENEE) &b 30T B
(AT S 08, %k 7 Y A BRI AR (200) BYFFAEIE DY, Fifi
FHHGR KR FERIBE AN (100, 110 °C), (002) FFAF b4
BWi%sha 20 = 7.0°, 20 = 6.9°, W T o #
2 (200) RYRFIEDE, [RIEF SRR S of FGAAT ST IE
A T 3 A A W B ek s . Y I 44 o 2]
120 °C B, 7€ 20 = 5.3° (d = 1.665 nm) 5 260 =
11.1° (d = 0.796 nm)&bFF 4G T BT i 3RE A 55

U, A3 IXF I aFI5E (110), (310) FORRARIE, X th &
o WG] o R IF IR 55 A8 B A Y. IR EE R T
130 °C B, o852 (025 A7 5 I AR 15 R BRI B
XK T oy G0 2 B IR E Y 1 I 45
R LR R K, X5 FRATT A SO EE 45 2 — 3L
(1, AL 5 SCHR T iR GE A AR AT 0. B 4(b) Rom B2
PFO/S-ACNTs ¥ fit Z8 ik A [ i B 3% 2238 Ak
(200) A7 5 FRAE U F e WT 1Y 260 = 7.05° Wk /]
% 20 = 6.65°, H&AH HI atg% (110) 1 (310)
RISHHF RN, X R T PFO 1% BR 48 1Al 4 14F R
URHT BIIZ I of MGG, IR 678 i
L o B, X5 ZHT B 5B 4 R R — 3L
i), [FiF PFO/S-ACNTs AT PFO AR XRD
AT W A B AR TR], 7218 4(b) o] DL 24
20 = 21.3°40 B T AR HARBLAAT SR04, X0 T
PFO 14 (008) 117 i AL W (d(go5) = 0.417 nm 24
i PFO 3 FHEE oK R —R149%)) 584328
THE S-ACNTs JE AR Z IRZS 0], PFO g4
W kAT B A A A R A B R R T
PFO 7T & e g KA B B ) J5 el A Se 26 4K, B
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Fig. 4. XRD diffraction pattern of (a) PFO drop film, (b) PFO/S-ACNTs, and (¢) PFO & RCNTs at different annealing
temperature (all samples are annealed in nitrogen atmosphere for 1 h).
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Confinement effect of carbon nanotubes on the
chain mobility of conjugated polymer poly
(9,9-dioctylfluorenyl-2,7-diyl)"
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(Jiangsu Key Laboratory of Thin Films,Center for Soft Condensed Matter Physics and Interdisciplinary Research, School of Physical

Science and Technology, Soochow University, Suzhou 215006, China)
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Abstract

The conjugated polymer polyflourene has been well studied for its strong blue light emission ability and
high quantum efficiency behavior. It has wide applications for light emitting diodes, sensors as well as photo-
detectors. Therein the 5 conformation of PFO crystals is more attractive due to its longer conjugation length,
higher carrier mobility and better luminous efficiency. Therefore it is great essential to control the formation
and stability of S conformation of PFO crystals to develop new kind of photo-electronic devices. As is known,
polymeric materials confined in a nanometer-sized space often exhibit unique properties compared with their
bulk state, such as abnormal chain mobility, molecular assembly and phase transition behavior. These factors
are of great significance to develop new kind of material and applications. Generally the confined condition
includes quantum dot (zero-dimensional, 0D), nanowire or nanotube (1D), ultrathin film (2D) and nanoparticle
(3D). In this paper, we design a unique 1D nanoconfined environment based on vertically aligned carbon
nanotube (CNT) array structure. An ultra-high CNT density is achieved through a solvent-induced contraction
process. The adjacent narrow carbon nanotube gap thus forms a quasi-1 confined nano-space with the tunable
size ranging from 5 to 50 nm. Then we infiltrate the conjugated polymer poly(9,9-dioctylfluorene-2,7-diyl)
(PFO) into those nano-gaps of carbon nanotube arrays through a solvent evaporation method to obtain the
PFO infilled CNT array composite film. It is found that the chain mobility of PFO molecules in such a 1D
nano-confined space of carbon nanotubes is significantly suppressed compared with the scenario of the spin-
coated PFO film. The transition speed between different crystal forms of PFO declines greatly, which
meanwhile improves the thermal stability of the [ conformation of PFO crystal. Additionally, the aligned
carbon nanotubes have great effects on the orientation and distribution of PFO chains. The PFO crystals are
confirmed to grow preferentially along the longitudinal direction of CNT array, which is potential to grow PFO
crystals with high quality and excellent performance. Thus, such a PFO/CNT array composite film can have
great potential to prepare PFO photovoltaic devices with excellent luminescent properties and high stability in
the future.

Keywords: carbon nanotube arrays, polymer poly(9,9-dioctylfluorene-2,7-diyl), confined space, chain mobility
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