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Abstract

The interfaces between conjugated polymers and single-wall carbon nanotubes (SWNTs) signifi-
cantly influence the optoelectronic properties of their nanocomposites. However, current studies
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on tailoring the preferred conformations of conjugated polymers around SWNTs are still insuffi-
cient. This study probes the optimizing of interfacial structure by comparison of three different
atomic structure types of SWNTs, zigzag (6, 0), chiral (2, 4), and armchair (4, 4) tailoring the confor-
mation of D-A conjugated polymer DPPT-TT. By molecular dynamics simulations, the preferred con-
formations, interfacial dimensions, and dynamic data of conjugated polymer conformations tai-
lored by SWNTs were discussed. Conjugated polymers wrap around SWNTs in a helical confor-
mation, and the helical period and interface distance vary with the geometric configuration and di-
ameter of SWNTs. Simulation results reveal that the n-m interaction drives the conjugated polymers
wrapping around the SWNTs helically, and the geometric configuration and diameter of the SWNTs
synergically regulate the helical conformation and interfacial distance to optimize the interfacial
structures.
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1. 518

A D-A BUILHEIR Sy — M AL f e e 284 BRI 7072 24 BT AP RLRE 2 S A 52 S T 5T
Wiz —. D-A BUILHEREY) HH 251K (D) HL 324 (A) e ii o S A s B i M e X Fh 25
RGN TAAAE ST N B R, BB SRR K, B durs e st e, 76T Wolt£E
ZIRAAMX A B R IIERILEE /T[] [2]. BT D-A EERAVESA » BT EEE T, FIEFEme
KETEMANKE G ST w0 (3], 2 SRR R SRR K E B 6 4501 I 7t C 4 HUS
TR, HREMEEEA MEIERNE S5iaite M S T RN A [3] [4]. RuLeg It
nHE s R - Jf WEMY - WEWY poly[diketopyrrolo-pyrrole-thieno[3,2-b]thiophene] (DPPT-TT) /& — 5 Bl it
WEREY, hTH&SE FIEREMGEGREESNS, EANB T3S EA 2 N AT S(5] [6]. &
i DPPT-TT Rl =R [FI A S BEBR UK, SRR (6, 0)« BRBETE(2, HFIERT- R (4, 4) Bl JE 5
SERIRHIE .

2. iRAFEEERNE
2.1. ARGZE

T EN )T AR 8 ) SRR, S B SR AR 12 B 77 FERARAN, > T s s, SRR & )
TR EREE 53 )15 . AN FUR R 58 35 1) @ AL, T AL ¥ BIOVIA Materials Studio B KA,
X AR ST R G B AT I, AR B sTC e IR R RIS K, RT3 %
ZHREL(DFT). QM/MM. E&50T7E, SEIRHIARI 1% B Ma e, scinie gt 7 A2
HEVTFB(7]. B ILEREY BN R ARG E B, RIS 7 s —H T EE. R
JaFIH Forcite i, KON B &M TREEMA, TR, 27301 5. B E TR X
B NT13%(COMPASS). HLfifiHH A Ai(Forcefield assigned). B4 )1 (Atombased). & /111 H (Ewald)%5 AH
KiHHEZH . T RENMAMMSEYGEEITH Forcite BT LML, HSEREWR: Task WEN
Geometry Optimization, Quality & A Ultra-fine, Energy H'[#] Forcefield 1% & & Dreiding, More HF KA
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FH1H HK Forcefield % B A COMPASS 371, HARUVINBIMEZAT . T ILHER G YWABRAKE Z (5 AH
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Figure 1. Chemical structure of DPPT-TT monomer
1. DPPT-TT SR L F 454

Figure 2. Optimized DPPT-TT molecular chain (Gray: C, White: H, Red: O, Blue: N, Yellow: S)
2. RALEHIEITR &Y DPPT-TT 2 Fi (k& A C, HBAH, 48K 0, KBAN, REAY)

Figure 3. Different atomic structures of carbon nanotubes: (4, 4), (2, 4), and (6, 0)
B 3. (4.4 2.4), (6 OFRRTFEATRAKE

Bt BIOVIA Materials Studio #f#)% DPPT-TT MR B ILR AN B R, L4 DPPT-TT #
&, il 1 pR. Wi B AR, BT LA, R RE R BAK A DPPT-TT ¥k, fEREEILIG
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3. ZRS5WiL
3.1. EHAR T

AT BIOVIA Materials Studio, 4% 3 FiA A B2 HIBRGK E /DPPT-TT R & 45#). DPPT-TT/B4K
EHEEMER S G TER, [ Forcite BLHBHTH R 08T HEaMEFALE . B, M50
b, Wi R T EE S, 58 # . DPPT-TT/(6,0)SWCNTs 4> 15 /12 e B M 2k 520 130 J1 2 6 2 .
I EE 8T, TR HTERZ) 150 ps JEREE Sl EWE T — Mg . FE, RA RS
% DPPT-TT/SWCNTs (2, 4)E & 84A DPPT-TT/SWCNTs (4, HE ST JLA AL, SRR EAR
ik, T R R TE I, B IEREIA WG N, SRR e BT TP 42, AR
TERZ) 150 ps 2 58 SREE & TP, XFEnLI43E] DPPT-TT/(6, 0)SWCNT, DPPT-TT/SWCNTs (2,
4)F1 DPPT-TT/SWCNTSs (4, H I B AT 451, = 4~6 4k B () F1 = H B (b) BT .

69.441A

Figure 4. Composite structure of DPPT-TT/(6, 0) SWCNT
4. DPPT-TT/(6, 0) SWCNT E & 4514

IEHLE 1 s DPPT-TT 5% A 20 (8] T (MEWD )R -5 X R 9K E /S o A S R i A i 24 B
NEZIML T RED SGIAKE ] m-n AERAROOALS, RSB R SRR 508 A RRITTEE %, K
ML R . MIREA . S5 MR g R T T, WnEE 1 Bk, DPPT-TT LR &0 1
B DR S = MERGIKE . DPPT-TT & H [M05 &I i 5EAKRE R K E o-n AHEAER, IKBI3LHE
REW o T RO TR Bl e BEAT G P BT, ATE I F R e MG E G 451 . TRITPKE
FHEHHAXT R ARG T MR R E R . WS IIRE, MEE BEAK/ N, DPPT-
TT 5 F4EIIZIEE S 1A 238 ks, HdQ, 9Bk E 8 &5k RS A IRK, X3 69.905
A; 16, 0)HRIATE 54, PR TFRABAPKE R SRR MBS AT 480, H_#8E&ETHHIE, 25
N 69.441 5 69.455 A X —E5 R, RYUKE EARIIE R, AR T DPPT-TT ARSI UK 2
FURB IR RS B, 1T/ ELAR MR TEBR 9K ) 2> B BURG VIIB I R SR I R BE N 1%, g Ja] A A
K. MR T DPPT-TT MEHeguSe ) R H IR B, BUEMEET 90°, RAWMSEF . HEFI M
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Figure 5. Composite structure of DPPT-TT/(2, 4) SWCNT
5. DPPT-TT/(2, 4) SWCNT & & 444

69.445A

Figure 6. Composite structure of DPPT-TT/(4, 4) SWCNT
6. DPPT-TT/(4, 4) SWCNT E& 4514

Table 1. Effect of carbon nanotube type on the morphology of conjugated polymer wrapping around carbon nanotubes

1. BRAREE SHHIER SMERRARETIRNZ 0

BRAKE RS BRAKE AR (A) gESEFIYI(A) FrifEE R (A) AR AI()
(2,4) SWCNT 4.143 69.905 2.385 82.663
(6,0) SWCNT 4.967 69.441 1.876 87.260
(4,4) SWCNT 5.424 69.445 1.691 80.991
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Table 2. Final dynamics of composite structures of conjugated polymers with three types of carbon nanotubes

2. HMREYE ZMIRAKE S SEBNRLENTS

YK E T 5 2,4 (6,0) 4.4)
&g (kcal/mol) 64294.917 55277.859 71295.772
4t (keal/mol) 61944.790 53026.109 68755.312
Bt (keal/mol) 2350.128 2251.750 2540.460
R EK) 294.187 299.768 300.202

RER O HTA LRI, A E & RN RER 53 GE ML T FE T 2 RSt R &s TR,
WESEE A A MR R e S SR FE P S T RE R ARAL, TR T IR EME SR PR R &R
BRI KE, SR BRERE. B 2 “DPPT-TT/(4, HZKE >DPPT-TT/(2, 449K % >DPPT-
TT/A6, )K" IR, 1 RIGBIRE S PR R GUK T BRI K 2 FS T mEa . 454
T 8 AR AR T 0, IX — RE R AARAE YR T oK AR K SR I L - MHELAE PGSR Tgh
KEHBLBA, HRE T SREY S ERAENEHIEEN S E, TR AR 8k, 2w
BRI FIEEHRE S EIRTE, MAERSHA R T & .

4. Z5ig

g L RTYR, HHEER AW DPPT-TT 4 1852 3 r- H EAE FH RS LA TEA R 4> ARG T4, 4) (2, 4)-
HI(6, 0) SWCNT =Fh -1 FEEGRAUKETE e = FhAR € 4544, [RIINF3RAF T = b 25 46 1y W T Jol 00 R0 5 1 JLART
ZH, XESHRAOC A B8 S 5 .
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