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Effect of External Field on Poly (3-hexylthiophene) Solution

Crystallization Behavior
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China)

Abstract: Because of the regularity of the nanowire and its large length to diameter ratio, it can greatly
improve the electron mobility along the nanowire growth direction, therefore nanowire become the research focus
in the photoelectric polymer field. Literature shows that external field can influence the order degree of polymer

chain. In order to investigate the effect of the external field on the order degree of poly(3-alkylthiophene) chains in

detail, by using UV-Vis spectroscopy and AFM, the influence of the rotating shearing field, the ultraviolet radiation,

and the ultrasonic treatment field on the crystallization behavior of the P3HT/mixed solvent (CHCI3; + CH2Cl,, 1:2
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volume ratio) was investigated in this paper. It is worthy that the in-situ UV-Vis characterization for the effect of

the rotating shearing field on the structure is performed on the home-made instrument. It shows that under the

rotating shear field, ultraviolet irradiation and ultrasonic treatment, the degree of crystallization and aggregation of
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P3HT / mixed solvents is different. The degree of crystallization of P3HT is significantly improved by rotating at
1500 rpm for 24 hours, and under ultraviolet light of 254 and 365 nm for 20 minutes. The crystallinity of P3HT
solution is also improved. The external fields have not changed the H aggregation of the nanowires. In addition, we
also studied the "memory effect" of P3HT solution crystallization. The results show that the crystal microstructure
and morphology change depends on different initial state of the P3HT solution. Through the research of this paper,
we expect to deepen the understanding of conductive polymer crystallization behavior, and provide theoretical
guidance to improve the device property using conductive polymer as the active layer.

Key words: poly(3-hexylthiophene); solution crystallization; external field; memory effect

% (3-CHEMEVY) (P3HT) fEA LA A RIF VA MIE XA B L TE %, I RS A HL
FEHURPRER U2 LA, T PIHT R L, — 4k 45 F AR b — 245 45 W B0 4 AR e L 4 0 B B vl T RS R 581,
CLRIE A PIHTAN K 2L 1 25 44 1175 38 W R MO B 5 (10 B 8 Re e, RSy Ml il iR i iz S5 K
HUHISEILT . SEFR b, s TS5 e B LU, A3 BTN (R 2 SR Bl 25 i A 5 i B Ak 2 &t 07 s B
TR R HATEFXPIHTHK L S 5 2 4R Th AE R AN OK S I VR AT B P AR PR O-10). i 75 IR 37 RE 0 e E VR
Wy FRERIfREL,, BEOREEY BN AN, MMEP3HT RIS iR E e HhAh, Y& AR P3HT 9K 2k
RN R Y, B S e T AR, SEBL T TR UK Al I B . AR MRS AR S
FNEE I T E AT NI T AR, AT Y. HURIRENSESMN, BIUI AU R A BaR s & o 1
e RIS P RERE L R T EUE, JF HREWS R R A 0, 2 “BIYNE AR BB R K, WietE A
222 | 51 0 PIHT YK AR VERE SRS . ABATROBE 4R . BTV [RIAE REWS (L HEP3HT 45 &
MR R PIRLE T G EINA .

X TG RS SE S, AR G2 BT PIHT 138 Uit N /M AL (] 4 75 AR B B R A D
REWSINIEPIHT S, iy, $Emndidnf, HENRREL N EHPIHT THAEN KL PILRARE, MNielsts

NISTE R I e 46 i FEPSHT A K 2 A2 ok b DIVZREE R IR 2N B ke, 938 i DRIl 72 T R B SR B I RS & 5 2
S, MIRER VNG VT, PIHTHIVREN E5A PR THRE. Bl RERERAR
R RIIP3HT I LA RAEE R, X —H % KA EHIET: Mo FRNPHTHALS MRS, 4
WS, IRMERS B FUEMT K Z: IR RIEEE S, N AR FBOR . O T Bk 4 757, Chang® A
4 vh 25 73 2 IPSHT (Ma=19.7 kDa, M, =43.7 kDa) ¥& TS0 "Bl J5 BEAT 88 75 B A R IR AL 2, R
5 51 R IBEER T R -

N T IRNEARAIN A PIHT AR ETE G ) 4y TALEE,  SEge ik &7 T B IORES, TRAIESE T e
HBIY)y . ERAMOCHRS . A AL B3R AR PIHT/AR G A 7] (CHCL+CHaClo) A R IEHRAS AT A IR o
BEAMERT T T 5 Z AR HIP3HTVA MR 45 i 1L 128080 . R AR STHIRT T, FRATH x5 s s o0 738



X3, SR Mg R (- TR RS AT I R 3
WA SAT NI BEAE, e AT i TR TR O A P R SR (B 4R 2

1 SCIEER4y

1.1 JERLRRF]

SRR (3-C R MEMY ) (P3HT) : AR 90%~94 %, My = 3.7 x 10* g/mol, American Dye Source
Awl =F W RO« SR Gk, R A TR B RN H BT R S AR AT Ak
M,

1.2 P3HT JREF R H]

Sk P3HT M =& i+ AU ke (12 OB RS AR K N 3 mmol/L (AT, KRl E T
35 °C 7KIREATINAY 30 min ZERE S E R IEMR, W RS (. B SRR RS B 2 = RS B CE Td R
st P 2BE Y L 24 he

1.3 WX ERIE

A A WO CH A Shimadzu A & UV-2550) : HHGTEE Y 300-800 nm, 43#¥% 4 1 nm, L
ILEEDY | mm, WKHT FEBIREE A 3 mmol/L: S84 CEED - KA E L) PIHT/AR G
WA T 1 R A sEE T, ARNR MR OB R %S, PR, mA I E A,
34 1500 tpm, SR TRAE WEFEBI VI AT T 4 R T IR (4E[E Bruker 2 ® MultiMode AFM
Nanoscope V) : A AN, EEH, #WEELEON 0.4 N/m, HIRIFESR 50-90 kHz, R H
10 um <10 pm, JRFTFHEE S 3 mmol/L A H LA 2000 rpm [ 4 i iR 70 REFE R B M1 s 88 7 i 5 ve Al
F PSSR 7 (XA A BR A 7] KQ3200DE) : (X324 150 W, 40 kHz.

CRENER LRI e oAy

Fig. 1 Photo of the home-made rotating shear-feild device
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Fig. 2 UV-Vis spectra of P3HT solution isothermal crystallization at 20°C for 24h. The spectra are normalized to
the maximum of the absorbance
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Fig. 3 (a) Normalized UV-Vis spectra of the P3HT/mixed solvent solution isothermal crystallization for 24h under
the rotating shearing field. (b, ¢) 410 intensity (b) and Asio/Ass7 (¢) of the P3HT/mixed solvent solution under the
static field and the rotating shearing field as a function of time
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Fig. 4 (a, b) Normalized UV—Vis spectra of P3HT solution by 254 (a) and 365 nm (b) UV irradiation for 20min, (c)
Agio intensity of the P3HT solution under UV irradiation as a function of time
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Fig. 5 (a) Normalized UV—Vis spectra of P3HT solution after ultrasonication. (b) As10 intensity and Asi0/A4s67 of the
P3HT solution as a function of time

HIT OB TR BT PIHT ¥ W0IEAT B P AL B E A4 i 45 it 20 100 AR Aol PAHT/AR SV IR R E T
P T U TR AT P A B, IRV R 5 SR SR R 7 R (A4, SR ANE 5 ke B HRRT LR
. G5 ARSI AT dei0/dser WUEELE CILI Sb) BEHE A I [A] (R E K 3 iy, R WIS ANEfSE P3HT K 45
AR, RS R A KR Tl B R (R B K TREMIAR LS, R R T AR
FEP I T WO B S R8G5 . BEAMIE TEAR B4 A I (8]0 10 208 P3HT OS5 5 fieieh, X UL
T EERIRYESE 5 0 T BRI AL IR B TP
R 1 AFSNAT PIHTARG AR T 610nm AUEGRAE (a) M deio/dser RUELL (b)) [IXFLL, EIH WRAG

RiFEKM, RAKRKY, UV ARESIDES, USRS
Table 1 The contrast of 4s1o intensity (a) and 4s10/A4s67 (b) of the P3HT solution under different external fields, in
which WR means without rotation, R means rotation field, UV means under the UV light, U means under the

ultrasonic treatment

External Field Asio (a.u.) Ae10/Ase67
WR-24h 0.46 0.92
R-24h 0.50 0.90

UV-20min 0.23 0.82
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Fig. 6 Photos of P3HT solutions prepared from 0, 2, 4 and 6 min ultrasonication after no treatment (a), immediately
dissolved solutions after first ultrasonication (b), and aging for 60 min after first ultrasonication (c)
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Fig. 7 Normalized UV—Vis spectra of P3HT solutions after ultrasonic treatment of 0. 2. 4. 6 min for no treatment
(a), immediately dissolved solutions after first ultrasonic treatment (b), aging for 15 (c) and 60 min (d) after first
ultrasonic treatment
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Fig. 8 As10 intensity (a) and As10/4s67 (b) after ultrasonic treatment for the P3HT solutions at different initial states,
in which the data of black dot-line represents fresh solution, the red one represents the solution prepared by
re-dissolution immediately after ultrasonic treatment, the blue one represents the solution prepared by re-dissolution
after ultrasonic treatment for 15 min, and the purple one represents the solution prepared by re-dissolution after
ultrasonic treatment for 60 min
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Fig. 9 AFM topography images of P3HT solution after direct ultrasonic treatment (a), aging for 60min (b), and

aging for 15 min (c). The scale bar is 2um
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