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Tuning and Designing the Self-Assembly of Surfactants

by the Confinement of Carbon Nanotube Arrays

Li Zhen (Materials Science and Engineering)

Directed by Prof. Zhang Jun

Abstract

Surfactants can self-assemble into well-ordered structures such as micelle, liquid crystal
phase and vesicle. The property of self-assembled systems varies because of their difference
in morphology, thus leading to extensive applications. Recently, tuning the self-assembly of
surfactants, to obtain targeted morphology, has attracted great interests. However, the study of
self-assembly is still in its infancy. This issue is still challenging because that our
understanding on self-assembly is sparse, that our capability on tuning self-assembly is
limited, and that the self-assembly morphology we got is simple. Obviously, insights into the
self-assembly of surfactants are urgently needed. In this work, with the coarse-grained
molecular dynamics approach, we carried out investigations on tuning and designing the
self-assembly of surfactants by the confinement of carbon nanotube arrays.

By studying self-assembled morphology with and without confinement, we found that
the characteristic of the self-assembled structures cannot be changed by the confinement. At
50 wt %, surfactants self-assembled into rod, double helix, hexagonal phase, and “drill bit”
with varying size and shape of confining space. These self-assembled structures maintain the
characteristic of worm-like micelle, we call them the variants of worm-like micelle. Likewise,
under confinement, the self-assembled structures of surfactants at 70 wt % maintain the
characteristic of what we obtain with no confinement, the lamellar phase.

The formation of lamellar phase variant under confinement was demonstrated to be an
unfamiliar “successive self-assembly process”, that the bilayer fragments merge into complete
structures one by one, from outside to inside. Inspired by the “successive self-assembly
process”, we developed strategies to tune the self-assembly of lamellar phase variants, and we
obtained polymorphic bilayer nano-tubes and nano-scrolls.

In summary, we gave insights into the self-assembly of surfactants under confinement,

which could benefit the development of self-assembly theories. We obtained series of novel
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self-assembled structures that is expected to facilitate the preparation of nano-materials.
Furthermore, the strategies developed in this work to tune the self-assembly of surfactants
could provide clues for further studies on tuning and designing self-assembly.

Key words: Self-Assembly, Surfactant, Confinement, Carbon Nanotube, Molecular

Dynamics Simulation
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Fig3-2 The self-assembly morphology of surfactants with varying the concentration

(a) 10 %; (b) 20 %; (¢) 30 %; (d) 40 %; (e) 50 %; (f) 60 %; (g) 70 %; (h) 80 %

19



S AR IR A A B 2

3.3 Zth5ide

M 3-2 o PR BRI RD, AR BERCINES , T RS BRI AR A5 4 BEVR BEHE K,
BRCIR M AR S5 A8 T iy HUIR I AR o IR PEARSEIE KB — € fH, IR RIEE LR C/Es
Iy TAEAEZ IR (F] rh i B30 R A X = Fh: BRI % SRR R . 7R
FATIEIR) )\ AL G 5 i, BRI AR BRI R IR IE Y 10 wt %A1 20 wt %, i HUIR
AR S IR E N 50 wt Yo, JERAHIS BLFIKEE N 70 wt %o BRIXEEIRFZSL, HABIKIE &
AR A B EEAR 30 wt %A1 40 wt Y% ¥I44 28 H T B IR) 1 2H 25 5 48] 2 BROIR M oRORT G
JUIRBR TR, R BRI SRR A Tal A 60 wt % fRR R Ui SRR 5
JEARAR AT HTEIAR s 80 wt %14 28 8 2 A ) S JBCARAR R 2 o 18] 3-3 Jiéors 1 BE IR 3 K,
C7E; 731 HAE SR AL o

X =R B AR A R Oy LR R TS VT B AL SR (il -1, 1B 3-3 PRk
T 1 711 A T B I B s A R 0 B AR A ) &, X BRI 7 AR AR PR 1
BAUTHEN 1 P AE 1 o X =Mt AR 5 BTS00 )y Jm 8232 BR 2 18] o 1) B 26T T
HEXT 2R .

R
20 wt % 50 wt % 70 wt %

B 3-3 BAREHMERENERE

Fig3-3 The morphology transition of surfactants with increasing the concentration
3.4 KENG

AT R B 72 T AR 32 BR8] PR NS TR C/Bs I B4, #Eiy
S PR ) B AT R S EE AT IR R o IZE AN E A 2.2.3 A
AR ST 7T B R B — 2D

XHF CoEs IXPN R A L 70 7, I, AL 1 =R SR ) 5 2454,

20



T E AR (AR il 22001

I3 AN ERIRIBE AR s FECIR I ARORJZ A X IS (18 2 3 P RV VBRI VR FEE 73331 A 20 wit o
50 wt %A1 70 wt %o FE4E R RAVITFUH, AT LUK =R R A, i e A2 R =S
[A] 1) B LRAT O, 3R S I = A R A B EAT XS b, T EATZ R XA SR, IR
2R S [V BIR 1 FH 6 T 3 V57 B 4 2R AT D R R

21



VU NIRRT S 32 R 2 R ) B 412

WS A HREMTIR RS E S AL

fEE—=rh, AT TR, JEZBR A R EEE R CEs o0 ] HARTE M=
PSR S5 R BRI L S HURIR IR . ZARAH, X LR A 5 rb R TR 77 231 PRI VR B
G358 20 wt % 50 wt %A 70 wt Yoo AR 2 I 5T B 52 IR 2% 8] o 1) B ZH 2R AT A S AR AH
AR KRR A, EZRaE S, MERKET, BOZ2E2BIA
[FIR) B S Me ? anRw LA, SRR AT A WE 23X 5 W SR R e AN B M AT T T g 5t
DAFI R ? X 2ehE ], AR T AERRE.

AT L= CAN A, EARTIESY, SZIRAER HBRKE RS = . BEE TR
WM R RE, BT TR ARG Bk B AR, L anBRan oK A K ¥ 75 1] A 2
FERR EARKIEIZR, XEHEAR A DUOYRATR B S AR o FER F B 41 1) 72 1)
BRI F 25 14 RIS T B AT, ATRERIREMT IR 3 2 = A B FE g
TEARS BRETIEE . RIEEVEFIREE . Fordr, SRMEE TR B IR EE ), HEIk
JERHIY 20 wt % 50 wt %1 70 wt %o BRULZ AL, Wi R [E I 25 SRR FE A A1 T AR AN
BB FEENAN R, TAEEARERER, MLRIE, KHBOuESEH —, MRS —RB=R
fE5E . BB EIBE PV RPN — R AT B acs, AT 1 2R 8] X —
IR, TAERFORE FE S TR .

FEARFF, TATIER T /N AEEE MRS, 8 i E, WE 20 wt % 50 wt %
70 wt %=L s R ENEVER B HFTEIN A . AR 6] 1 5 A3 TS0
ATRTEE, A3 AR B 510k R TG 1R 70 2R AT D IR s A, R IR 2 € R 43 3R TS
PR B AT N7

4.1 ¥iaRE

KPR, BATOLH =T T i, B 41 AARRMAERR TA
R MIAIAEIA . BROUKE T AT HRI I A AR IS PR, N, &
ABRE ST . ARREPY AR E R [ B SON SR d, FHORBRIE 52 IR 1A RH R
/0Ny AT BAUE R 2 B BR 1 1 9 5 o 4R 52 BR 22 8] (R T LT AR e oK 8 458 2x il 5
B RE AR AN S R AEAR AR A . BRIKAE K EN 100 A, BIG ¥ z J7 ALK
100 Ao &7 x Ay i —FE, b d ERARmAR . ST I=105 0 B
Jn A AR S A BT AR E AR TG BR A, ¥ 2 7 TR JEBR A A o 2R T 1 1) P )

22



T E AR (AR B2 A0S

W8 20 wt %+ 50 wt %F1 70 wt %, K 4-1 PR K, WEMOEHHHE
RGN IR /K 3 B RIS KSR ], BRAKRE K BB R o BN ELAR (A5 70 2 500 LB
o

B 4-1 BERSIZRZ A B AR ER
() “FHEFE; (b) SLAEMLE

Fig4-1 The initial model for the self-assembly of surfactants under confinement
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Figd-3 The adsorption of surfactants on the surface of carbon nanotube
(a) the top view; (b) the lateral view
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Figd-4 The interference of carbon nanotubes on the lamellar phase
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Figd-5 The inducement of carbon nanotube on self-assembled structures
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Figd-6 The self-assembled double helices of surfactants
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Figd-7 The conical carbon nanotube array and the self-assembled drill-like structure
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Fig4-8 The cylindrical carbon nanotube array and the self-assembled “annual ring”
(a) the top view and the lateral view of the carbon nanotube array; (b) the top view of the “annual

ring”; (c) the lateral view of the bilayers of the “annual ring”
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Fig5-1 The lamellar phase and the variant of lamellar phase
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Fig5-2 The tubular variants of lamellar phase with different number of bilayer
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