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Morphological Tuning and Mechanism Study of the
Self-Assembly of Cationic Surfactants

Ma Yunyun (Materials Engineering)
Directed by A. Prof. Yan Youguo

Abstract

Surfactant can from a variety of morphologies spontaneously because of its
unique molecular structure, and these morphologies will be advantageous for practical
applications depending on the nature of the various morphologies, such as, vesicles
can serve as the intermediary of carrying drugs, worm-like micelles can be used to
improve the viscoelasticity of surfactant solution and has been used in the cleaning
fracturing fluid. If the further study of the self-assembly mechanism of surfactant can
be paid more attention, we will use surfactant more freely. However, the research on
the self-assembly mechanism of surfactant is weak, and in determining the essential
information of the surfactant micelle, such as molecular arrangement and interaction,
is still experimentally challenging. In this thesis, we adopt coarse-grained molecular
dynamics simulation (CGMD) to study the self-assembly of cationic surfactant in
different surfactant concentration, different salts, and different proportion of mixed
surfactant.

Surfactant micelle morphology and size will vary as the change of its
concentration. In our work, we got a series of different shape and different size
micelles by changing the concentration of the surfactant CTAC. With the increase of
concentration, we got spherical micelles, rod-shaped micelle, worm-like micelles in
order. Ionic surfactant micelle are charged body, the electrostatic interaction distance
in different surfactant concentration is the reason why the micelles can’t fusion.

If there are some salts in the urfactant system, the surfactant consumption can be
reduced effectively, and at the same time, we can get the same configurations which
can be formed under higher concentration. In this work, we studied the effect of
different salts (organic salt NaSal and inorganic salt NaCl) and different salt

concentration on the surfactant self-assembly, we found that, the morphology is more

il



rich in the surfactant system which was added NaSal than that in added NaCl system,
it is the different participant modes between NaSal and that lead to this result. NaSal
can be embedded into the micelle, but NaCl can’t.

Mixtures which are composed of two or more surfactants have the properties that
a single type of surfactant can’t be obtained, and the self-assembled morphologies are
more rich than single surfactant system. In our thesis, coarse-grained molecular
dynamics simulation was carried out to study the micelles formation in a cationic
cetyltrimethylammonium chloride (CTAC) and anionic sodium dodecyl sulfate (SDS)
system. In the mixtures, as the mixed ratio changed, a series of morphologies was
obtained than the system added salt, such as dis-like micelle, vesicle. When the ratio
of SDS was equal to that of CTAC, a vesicle was formed by disk-like bilayer curling
and the entropy was the driving force.

In this paper, we make full use of the advantages of coarse-grained molecular
dynamics simulation which can study large-scale systems and provide microscopic
details, and it makes up for shortcomings on the experiment, at the same time, this
study bright to a new light for a further understanding of the microscopic mechanism
of surfactant self-assembly.

Key words: Surfactant, Self-assembly, Molecular Dynamics Simulation,

surfactants composite system
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Figure 1-1 The process of surfactant adsorbed in the surface and gathered in the water
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Figure 1-2 The surfactant aggregates structure in different concentration
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AR TR T AT P B P SR I 15T AL AERDRLRE 20730 705 BLIK — A R 5
AL, — A TUAN T B LA T AR XAk, — Nt LA BR R
JUTFAERTRERS, BRSO AV h RIS ERE, &R NIRRT 2k,
XEPE AR THAR T NRER SR BT XA, 2R 1R
AL A Tl B, BB TH SR IR DA M vy T BRARDRLIE 731 30 J1 2438 00 1 fi A
(EEAIIRE a5 77318 15 AR AR SR, AUREAE B BR T8 [R) R A 42 i - 1
T

X3 T 1 AAIOR YR, BRI AE RIEASIER, REARFESEbR, HOCHD
AAETHM AR K135, “ 7137w EUEE R TT SORE RS R F5 Be e
o MABRT Z IR FIA AR th 2 M Re st FAE ISR, s e e 1
fefEHIRE . AR AR BESE . AP 2L 7137 02 X S8 2 P e B 5 R 20 &
e FEHEATRURLEE 73 13 ) AR R A3 S PR . 588 1 RERS AR I AT A 25
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TR B BAE I 13955

LR Bk (1021 7 A AR AR 2L A 1) B2 B F e A1 B AR e 1, AR K Y
RGN, HAFRA TR LK 3 K G TAE N — A BT, WA BAE DA K7 24 E—
ANIKERT, Bk, U3 RRRLEE R 5 RIS, HER T 280 %
TEPEAT R RL K SO o AEFRAT BT RO BE UL 2 1T, 26— Pt R SR E 1n S
B, T E S0 i S R A BCE BRI AL 2, B B R F 1 5 PR T
REEM = L

FREURLEE L AR, A W 372 H TR R s s 1 s MRS, A Tk
& Shinoda 7737 Pl Matini 773%", Shinoda /73%1°& B Shinoda % A JF & Hi ok
(¥, J&—FhEE X LB SR R RE 708, e H A2 0t 0 IR D B 3R A S AR Tk 25 1
R T KB WA R o TEXA 137 R 3RATRE DS B Bk T LA AS R 28 L,
—MRAET 3K FIKERT, RN 7S F0 R AZ R TS PR A R4
TX LORH L FEE B ol a2k 1) 4 Ji A TR R R 1Y) ST AU I 45 SRR SR 1 K
B L s, IR R R AR AN Bk T AR A0 I 25, AR P AT 4 5,
RE A BERT— LURF i 1K 43 T BEAT AL

FEEZ T, Martini Jj3g" 0 B3 LA MRS, E 2 Siewert J. Marrink
FENWPR M. Martini 773 TR Bk T IEAN TR FEAD B e (4, BAT AR
JBR S R FRATIAE T LUK — Pk 7ok R, N REAR S AR TR, Hrh
HUYREERT: Ht(polar-P). JEF M (apolar-C). JEAk M (nonpolar-N)Al7 H,
(charged-Q), T —2KEkT AT ABETAN 5y, BOG/FE] 18 FERT, B MERFF
K FE, Martini 77375 FH G Bl gk 25 LE Shinoda 71378 £, X 18 MR [HHIER T
Z A VE S 2] T Martini /13%. {H/2 Martini 137 AF0EE — 2 AL, Xt
SRR 2, RUONEAREMENE Shinoda J13 IR R AR #8 B R 4L, BTLA,
A BT — L S S HIE I & A L2 .

Bk, BIHATALE, BAEF 1 IR SART . BRI IS AR FE )
Wi A TR R, B39 %2 2/ DEMEAEIX — SR R AL, B RRDRLRE
T3 R — A EER TAE. RE W, Martini 773%H1 Shinoda 773711 B FH 16 2
FEH Tz p2,
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B E RIS 5 E

22 MR FE
2.2.1 RIR BRI IER

& 2-1 () B & TR IEE L SDS &R T4 HAERL (b) FHE T RIEWEMEN CTAC 2R T4
FPRRIAL (c)/KIERHN NaSal &R F 45 RRAL
Figure 2-1 Coarse-grain mapping for SDS (a) - CTAC (b) and NaSal (c). Four hydrophobic
alkyl groups were set as a single type C1 CG bead (blue), and three hydrophobic alkyl
groups were treated as C2 CG bead (blue), two hydrophobic alkyl groups were treated as
SC4 CG bead (blue). Trimethylammonium head group was represented by a Q0 CG bead
(red) with a positive charge, and sulphate head group was represented by a Qa CG bead
(yellow) with a negative charge, the head group of NaSal was represented by a Qa CG bead

(yellow) with a negative charge.

FEARW SR IRA TR /1377 Matini® 11375, HR4E Matini 7737 (198173 HL0
A3 TS50, FRATTHE 0 SO TR 00 B B 1 2 TV 1 7)1 7S e Ak = R S B
CTAC. FH & 73R MEE VAT Z he 2R N SDS LA LA HLER KR 4M NaSal 4%
B 2-1 FoniEAT S5 MLk . Forh CLMDRIEE SR T IS (030, FRIUAN Bk R ik
BERAR, 1M C2 BRFHEANBUKEEEEER AT, SDS HIB/KZEEZH 3 4
Cl BT, &l 2-1(a), CTAC WIEi/KERERZH 2 /4> C1 BRI 2 4> C2 BT
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A, WPl 2-1(b)o SDS L5 KIRIRLAL AR i ACURHRE R k4T, HoraK kA
(-SO4)Hi Qu Bk T3, & — /Ml S LI BR T . CTAC A RLAL A5 1R F Sangwail™
%53 7730, SRRk EE Qo A& HI = FH LS B 1) Sk B LA R 55 AR AT IR A 2 P
K, AL IE AT, B 2-1(c) /KRNI RLRLAL A 02, HDRLAL 5 1)
Sal 77 &I L =¥ Matini IHIHFFIARE, HEKHN 027nm, H—4 Sal
Matini I3 FERIBRF 11352884350 SC4, /KRB Ha 1 Sk 2 2 5 ik 4]
O=C-O M /IHEALN Qu, A —AFAALM G AT . KRBT TV P K R 4
MERFIRGSTFHEB, ERPEPFOKIEE, —2 W, —42 BW, Hif
W AR IEH MKER T, BW AETENLR N T H BRI T 48— RN R g 4L
BRI B KT A P 25k, DRI T SRR FA B R, K45 B d 7K
BRI 10%. ORI CIE—A CIRI 3 MK FAR, /132K Qo [F
L, HRLAGE Na & 1 —A Na™f1 3 AR TR, 71335808 Q. %3
B P AR 0 BAR A SR T BRI SR 2-1 FoR, AMURLEEBR 710 AR BLAE F B 505 %
Matini 7737
% 2-1 Matin /33 HIZRTFRE R E X

Table2-1 The bead type list of Matin force field

2 LY i T Ik ]
W (H20)4
BW (H20)4
Cl CH3CH2CH2 CH2—/—CH2CH2CH2 CH2—
C2 —CH2CH2CH2—
SC4 —CHCH-

Q" (CTAY) (CH3)sNCH2CH2—
Qa SO

Q a (Sal) O=C-O
Q'd Na*
Qa Cr

222 RIS HIEE
AWK Gromacs 4.5.553F FPALSZHLR) . AITASIUL ) 28 THI VG 14 77 4 R &R
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AE—LTTRE T, ST REATT IR AL S, & IaK
2004, W& 2-2 fivs. fE—MEA RIE) ) Fd FRER A NPT #R2%, R
BN 298K, JE5RA latm, BEHURINARDKBCE Y 20fs, REEHIFEIR T IERH]
Berendsen®*, %% 777K H Berendsen. JE8#EAH HAE AW 21N 12 A, KH
Gromacs FRAERS T R EL I 2 BUARERIA 735, WHGAEAEAE FTEARHER A 142 0.9 F)
BT 1.20m Z [EIIAFE ALK EL, # A BAE R AE 0-1.2nm 2 [8], HALFEA)
I P B AR A PR B SRS o T IR TR EREADL T 1 AR DLIR BISPAORES o X T A 2
(K AT AR AL 8 i VMD(Visual Molecular Dynamics)P>SZHL] .

K 2-2 WMEEHERRE

Fig2-2 The initial model for studying the self-assembly of surfactants

K 2-2 B—MIABAR R E B, RIEMEAEK BN, BN

i 2-1, BWEBRTRE CTAC BHE, 4 EaZkT10%R CTAC kEE Qo, HEIRkT

REET PIMas OB sk 3t, — A2 B 7 RIENETER SDS Skik, —AM2KBIR

BASEE, AKERT SRR (R T SO 30 R S PR R A B A T o

FEAVRSCHR, FRATTIA Sy S T ¥ 4 79 /K R A v PO 3 L 2 D PR 2 5 /N
T 0.70mbP0), X PANBRF PR IR ISV 2 5 AT DB AE— DN
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BE=E FREIRE CTAC ARBEITAHNHAR

SR PR PR L PSR PR RES AE VR KT CMC IR IR A, JF HBEE IR
ALY ARSI RS 57 (IR, Uil HORER . SRR S o XT3 7 AR
FE b A EATE AR RN O E

S b AN RIR R TS T KE U R AT N E & AT 7 e 778,
(EX LE ST 70 R REIE I RN, #RASBE BV FR 7 R T 0 1R 1 P SR SR AL
110 RIS 7 —ASFRL AT, o] LLAGIOUL S B AT FE R T 1 57 SR AT
B IR AE AL B A REOR,  IE RENS 45 21 B B AL A5 St BN & 1045 2.
CAT W ST B I 70 5 AUV T 1 R Xk 38 I i M 7 B oA (R s mig 22901, (B T
VEAE 21, AAF T EANRNRIE T, 1 A R 2R v P77 SR AR A5, W] LA
BE— 2B I HABTT T IR TR B X SRS T A BAT — e R 2

AR 2 SR FURDRL BE RSSO 7 ¥ BE 5 CTAC SR FEAS [F) R P RIS I 5
ATy, I LR AR I RE BT FUI RS 2 T v 77 SR AR IR

3.1 1R

B 3-1 RNEWEREEMEF CTAC 4 ZVIMHHME K
Fig3-1 The initial model for the system of effect of concentration of CTAC
AT R, JATKH Gromacs 4.5.5P 2 BT T A FKE THE T
RIMEHERIREAT N, P @R S 7R &1 R 200%200x200 A3, %

ST RAT IV A, R R TR T S HOY 69600 A, HSUR R TS T
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B AFEKE CTAC T RERET NI

CTAC KINEIM: 600, 1200, 2400, 3600, 4800 6000, FAH M EE /R
JZ°N 108.8mmol/L. 254.5mmol/L. 385.6mmol/L. 685.3mmol/L. 932.1mmol/L.
1187.4mmol/L. N5 EHEA, FATE L 1-VI AR A MER . Kl 3-1 LL 600
ANPH B TR ME M CTAC M R A0 R T HIURHRARL , T E R AITE K Hh BEAL 43
i, Hp OB FAGRKER T, B4R T CTAC, B LA RIS
RIS B, BRI CTASR AR AR, HOEk TR, a6
PR skdk e HX JIANBORM BRUE I P MBS T UE IR 2B R, %
YT 2 F BB R

3.2 2T
FARWIBGN ST . BIISEORE S 2.2 /NI 4.

3.3 ER511e
3.3.1 FEIAEFREELFIRE TRRMBERS

(a) (b) (©)

Y

(d) (e) ®
Bl 3-2 ANIRIR T ¥ A HR B  J SR T i Ay 2
Figure 3-2 The snapshot of equilibrium morphologies of surfactant aggregates in simulation
systems I-VI. The water beads are hidden in order to observe conveniently. (a) system i,
Ncrac=600. (b) system ii, Nctac=1200. (c) system iii, NcTac=2400. (d) system iv, Nctac=3600.

(e) system v, Nctac=4800. (f) system vi, Nctac=6000.
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I CTAC MIREE, ARSI T AR T IRR P, i 3-2
Fin. BEEWREESGI, BORRSHBIER K. K 3-2(a) ik & H 600 4~ CTAC,
MR EEIRE] CMC B, R EE R KAE P HAE BLR AR, W68 5K mdfl, AT TR
JCT R, BEAR TR R AR AR, AR R AR g0 2 M AN BN
1200 /M(&l 3-2(b)), ATEAURBURHRIIANEIE 2, BOR WA IR, AR Z
BY, M@MERE. 4k838m CTAC KM 4(E 3-2(c)), RGN Z, HIBIR
51200 /NI ZRL A ECR, WA BEERIR . 24 CTAC NG IR 3600 M (3-2(d)),
FATTAT LB 210G B4 R TG R IR IR, VR BE 386 DR S, 77 M REROIR 2 IR (1
AR o X5 7N B AR AL E S50 5 SEARAL, TR PRI e AR i R 02 AERARTF 46,
2 BRI A RE, RN BIRAR IR o gk 2R3 R T vE 14570, 7218 3-2(e)
HORIL T BRI IR, Bk 2 i ORI T o 4 2 TV 14 75 S 5056 T 6000 AN
BAGT LT HE SRR 780, & 3-2(D)

& 3-1 NFEREEEFRE TRREREES NN EKBIRREEEENY)

Table 3-1 The numbers of clusters (N) and max cluster sizes (N) at different concentration

of surfactant
K % i ii iii iv \Y% vi
CTAC ™M 600 1200 2400 3600 4800 6000
AR R EEL(N) 8 12 21 24 21 10

B RN R R HTE AN (Nm) 106 145 194 358 702 1840

FAIE L AL CTAC IR EESKIL 1 A ERCHR R 2B PO R i 216 HUIR R
FeAz, AP ERRBIMRR I AL R i B AR ORI TR RIS, oA & ii AIPR R
il BEEIREERIIGIN, AT DURBUECR A Bt IR A4, o8 1 3E— B,
FATFEIL T A AR TR E N A KR R T PE AR N, 058 3-1 o A
R3-1ALLEH, MER i 2R R vi, BE%E CTAC DNEHEIN, N AWIHEZ, 1N
ML R, A v XYM R, RS di PR R iv 1O R N (1 5
2o MR R iv BIK R v, S KA i PEFFIEU S G n 1 ok S AR A 1
H1 24 J/b 2 21, KR TR v A R ECR Bl a7 B T S A R —— i 1
WA . A& vi BRI EORR IS VRIS AR R P 2 00, 47 1840 4>, MR
REEAH 104>, BHIFERTNE 79 6000 AN I I A K SR AR BE 1 T o8, IR
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= REWREE CTAC 1k 2B ELT NI

RER G RE, BT ERIEEH, FATI IR BRI R A 5 2 R s 1k
FIS , R PR A B K R B RO S5, A SRR R, £5 B iR, CTAC
WK, TR AR, TR A BT /5 221K CTAC i %, R R R e
J PR R AN R S 4 K R b o

0 2 4 6 8 10
distance to sphere COM/nm

Y0 2 4 6 8 10
distance to sphere COM/nm

B 3-3 RABABRRREEERZ DM (2) BRREGH; (b)) HREH;
Figure 3-3 The density distribution of different micelle aggregations. (a) spherical

micelle (b) rod-like micelle

N T2 T RBR I ROR 5K, BR TN 75> 8070730 600 1 3600
A 28, B R TR R S5 1 73 il FE BRI I AR AR R, SR EBGX 3 i o AN [ 288
RUBRF- VR BE 3 AT, 40 ] 3-3 Fi 7 o 2% 18 Bl HUIR KR AT A R K BRI
FT LA B B8 T RRIR IR o BRCIR I AR A2 W A ) (R85 FE 20 A1, BRAR S5 4 A2 W il )
I A . ALK T CTAC kI, N T SRR RER MRS, B
KRS BRI B AR B AR TR, 1 R B EEAR I AN Bk T, FEIR IR AL T
A o
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K 3-3 Elflh Qo FonkEE, C RonbiKERE, CIHUER TP a1,
W AREK. WEFRTIEH, KOHEEZEET 1 gom®, AHZRE T KK
FEREIE, BUKEERBIMHEERILT 0.7 g/em®, SAMAEE0.7 glem® A7),
XU B KER T R DX IR AR EAR Y T2l A, s et B R B L ik P
LA RE, TLWERIRI AL 2 AR I A, 7K 32 B A IR AR 1) 7K Sk B LAAR 1 X
o, BRI X IR AN A K . XAy CTAC SkEE /K ISR A 58, TR EE 6T
K, KSR SRR S, AT IR AR, FRER R, CTAC MK
WA ELIRAE, (RBEE NS, SEACKIETEINT, BiKIER 2 CTAC fE/KA i
T RSB SR (R AR A Ji R 620,

X LG B 3-3(a) AL 3-3(b) T LA /K 185 BE 4 A il 2 22 K, BRI AR 1Y
A KAEALE , THAEBROR AR /D, 3% 5 AT T 4589 OC A 4RE Israelachvili
RIS S HRD, Wk THARES SRS P A5, ua
X 3-1 fiow

Y
AL
BRIEIR h R G EA 7 7450 R B, MRS P /DT 173, WE 3-4(a)
RN (R B0 43, T E R IR ARORG HUIR IR SR b i R s 77 2 T i 2 IR SR,
W 3-4) i, HHERSE P EKRT 13 /AT 120 5T F—FhR sk
Yo, HOGEZ MR AR & —E R, M 3-4 /A, 3 CTACHZ, KRR
OB AL T HRR,  REEZ MR B 2 R AR, kIR AR B TSR AN
RN, XSRS R MM AR, BEEHFAIA RS, KyTihs
HES N, XS] 3-3 th s AR % BE 3 AT AN, bR I AR A P
IR, KIEANILEZ .

it o
= e

B 3-4 REFHEFENRRRRR T OHA R @IREBR; (1) BRI

P 3-1)

Figure 3-3 Configuration of surfactant micelle in different shapes. (a) spherical micelle (b)

rod-like micelle

19



FE=5 ANEIKE CTAC 1K R BET N

3.3.2 NEIBERSHIRAF AT TE

N7 TR R R AR AR TSR AR A, FRATTEFR L 1 AN [R) 2 v 1 741
WRPE TR R AR (N5 R PR 2 T 37 1 77 B (N ) 7E SRR R AR A8 4k,
3-5 Fiono

(a)
Z 600} ' S
g E 120 —A—!u
g 450 i § 90;\ —o—:,r
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Q 2 T T ST C e r T
'-65 300¢+ E 33- :j“.,u:uu:uo:::
O | 2 glassssesessaseais i
Boasof T s 0
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(b) Time/ns
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S 600f Rr——
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& 3-5 RREEH N)FHEKBRREEERH N HERLE
Figure 3-5 Evolution of the Number of clusters (a) and max cluster size (b) at different

concentration

ME3-5@)hE H, AR — TR R i-iv BRI IR T F%, 3
AE X — i BER TS PR 5K AF FHHH, A & v AME & vi
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AR HABTIAME R, R R vi FIAE AT, AT X EE
AV R IR, — A A rh R T VS PR B AL oy A 1, A0SR IS5 o A vl e 4
THBRIX PRI G, R R R IS RIS 2, RIEVER 7T R BB EUDN,
AP AR Hh AT T B K R B AT R AN Bk Z I BE RS /N T 0. 7nm ISR TG
VAR — MR, REEEFIE 2, BN, PR B K R 8 ik 2k
FZ AR B AR 21T 0.70m, RV — DR HSEFR b THIMh 4k R K
TG 2 HR B a1 52 IR, R RE-5 BT 2 s 1 A BRI, AN RESs & TR URR,
S ECRA O R W IR ZE, BEE AT, RIS TEAZ WS AE, AT
Z AN BE B WA R T, TE AR IR RIS K 3-5(b) s 14 5 b 4 Rl i R I AR
RHEHEAOEH, WEFRATLUE HAR R i-iv ORISR, Mtk R v Al
RR vi WL T MRS, R v FERKRAER/N ORISR, &R vi
() 5 A2 AR U — BV /N B J T ) 7 AR, XA e R R S T % 2 1

3-5 (b) /& N BRI IR, BATAT UM 122 ih 2 1 AR 54 i
HOY UL AR 73 3 A B

WATLME R i ], 7ER 3-5(b)h R R R . TEVITAM B, RIS 5
TH A N ROX R AE R BB K VE R TR, X —id AR R o, e
BB, i 2B ERARARAL, X2 PR — B BUR R AT B B T
IR IR A, B R ARG, 1 28 T ORI /N Bt sk, 1 PR ) P 2 384
BN T R AR A BE Ay, X — I BT FH T (R B A o B R — AN B IR AR AR E B
B, W ZRAN TR A AR A, 4 RE 281 (2 TS PR 25 B K ISR (i AR I PR
TERHOE R W] R EE R AR, MR RPIEBUNR R G, N RIEEITIA
REMKIRH, HSIFERIFERES.

3-6 2 AN RIR BEAR R IR RS B A B, X BLIRATT A Nx s i
IEAH) CTAC IIANH, R EERURRT, W& 3-6(a)f 600 R VER], Nx7E
40-100 2 [7], RN 1200 > CTAC, N AN, WEFELEe/N, gkatidin
CTAC, Wi 3-6(c)fizn, LAk MEH U B2, B4k 2 Hh 5 o () Bl e
i Nx 30>, 7E 60-200 18], Nm EH 150 3403 200 4. CTAC #h1%] 3600 4>
I, Nx K273 A e 100-400 Z (8], Nm BIRIEZ, XFNE 3-2(d) I bR IR R
IR R, BB 2R TS PR R BRI 22, Nx ARGBOR,  an &l 3-6(e)FA(f), JUH:
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P 3-6(0) LI 2., M ST A A /SR A ST A T K 0 ORI K
e A Bt 0

»1(a) ol (b)
53
E
5 1 1
Z ‘ }
0 WU B Y S 1 N 0 : :
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ol (c) 21(d)
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& 3-6 NREIVREE T4 R IRR T A E
Figure 3-6 cluster size and cluster number in six different systems. (a) system i, Nctac=600.
(b) system ii, Nctac=1200. (c) system iii, Ncrac=2400. (d) system iv, Nctac=3600. (e) system v,
Nerac=4800. (f) system vi, Nctac=6000.
3.3.3 FREEMFIRESH AR N
B R BE R I, BT DAS B RIAR BRR, 102 B TR EESE I, R[]
RSP RE BN, T B3 R 3380, T BT 2 R T VR, /i

22



EA RS (FBZR) TR 22 AR S

KL AR RS, PLRRRIE R iaE R, A BORMZ 1) CTAC, HRIERHRBZ
RETERARIR, 2T RE R

1.5
600+ ° i
g \.
o —m— AVG cluster size
§ 450 + —®=Dyater 11.0
2 i
3 3
& 300+ =Y
>
= 1 0.5
150 +

1000

logC mmol/L

B 3-3 R PR AR T Bk BT i R SR 24 il 4
Figure 3-3 The curve about average cluster size and water diffusion coefficient with

concentration

SCHRE TR R, e PR A BAT RS R N i, ORGSRk

VR S5 R AR IR s FRR R 2 T8 AR LA R B T 23 18] IR A Y i e A1 5t —
DT AR T IR R PRI AR ST URASRRRE T BIZK 3T BOR 2
K 3-3 o AT DU B AT =AM &R 1 2 dii PR R R BN, X5
AR 3-1 PO AR T PR R 28 DUMA & v PR R A2 K,
I 3-2 R IR A A i AERTE IR AR B T 1R 2% iv H OHRARIEOR, 5 1
AR NERBP BB RT R, T 2B A . Mackintosh 25 A9k 3l
CTAC XA 8 5~ Y 2 T 14 710 % B ) A R o P s ORI, 3R i ey AN A
XAELE AR I AR Ty L, AN D) R AR R B, AN 2 e JUIR R K K
b A BB AT IR R BE R A W] A2 3 AN X, — AR AR X, BEmA
HEAR BRI, A 3-3 A ] a 3 b AKX, ARz X, PEASAE I BE RS R
TIPS, AR Z AN i 57 SE e T OB R EOR, ANk 32
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5RO, Rk, A] LRG0 AR 3 T HLAe7 J2 5% ool A &R A g
BGIN, SO, W R AR EOE D . B AR HRIERIX, i 3-3
I ¢ FTIEIREE X, IRHORSHARIG N, e o 2 AR B ACHG,  PEAS YR F B S /N
TIRH MR, HEFREA AR R S A, IRRA S REA K. =4
IRAE LB AR, RWIEIRIX, 5RO A AR B 5%, HESI %,
T R RER R B TR, BRI T HERAE R RS S, X TE IR F g
B TUESE . AR RTKIIY BOR B W3 K RO T R fads, IR, TR
FROBR 7 5 XA R A B ERTI R R B HOR B A, IR SRR AR /N R, e 15 1
R AEAN AR K, R RKH) H Y ERE N, 3-3 4 a F1 b, HiK
JEFRR, TERUIR HOR R BE K, A EACHE, (8 T 2SR R &, Koy
F R RRTEIX SE IR 45 M 1 2 BR8N, BRIOK 9 SR B0 — D R T HRHL
AT DU MR R R B, TR s BUIR SR, K7 B R Bt N, DR ey P kG
I 2 L BRI R K

3.4 KEIN

A F K] TORURLEE 7378 ) AN T R AT T IR X CTAC SRR . 3=
TR SR AR DL SOK I B R BT AT L. 13 I R E e

(1) FE%E CTAC WREEIIGIN, HH AR ITESR AL AA  ARIKE T TR
B, WETheE, FEIREAR, )5 Xk SR AL .

(2) BHRITE LR LRGN 3 DM B, BB — M Bod ik, RIETE 7
M IRERTE B MIRHR, B8 AN BORIRORRE S0 B, R RAE B £ 2R oy, 28
EAMrBOE AR E B, TEIX B BURRANE R A, R Rk B4 .

(3) BEHEWELRIIEIN, &R oK BRI AR N, P9 287 B e
WIRH, R A, 4 7 ORE 22 0], 7344 &K B fis sh i
/DN, TR0 N A U HOIRAA Z0RG FE EEBRIR AR FORE BN R

(4) CTAC AR IR A7 FELAar, A R B2 N M oA 1 e Fi A P P A 2 S M IR
A R A
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ZFPUE NaCl/CTAC AH 5 NaSal/CTAC AR EB&EIT R
5‘?.

AL —Ph R TG A 70 RT3 T 594 P v LA 380 = TS, b — ek
() B E S o AR T R A TEAR R (RS A, 9] i ORI R, R 4 A 4K A
AELATY S IR AR G5 4 (AR A R i, 78 R ARV A D BB T2 1Y
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Figd-1 The initial model for the system of CTAC / NaSal
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Figure 4-2 The snapshots of equilibrium morphologies of surfactant aggregates in simulation
systems i’-vii’. The water beads are hidden in order to observe conveniently. (a)i’ system ,

CTAC: NaSal=600:0. (b) ii’ system , CTAC: NaSal=600:200. (c)iii’ system , CTAC:

NaSal=600:400. (d)iv’ system , CTAC: NaSal=600:600. (e)v’ system , CTAC: NaSal=600:800.
(f)vi’ system , CTAC: NaSal=600:1000. (g)vii’ system , CTAC: NaSal=600:1200.
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Figure 4-3 The snapshots of equilibrium morphologies of surfactant aggregates in simulation
systems i”-vii”’. The water beads are hidden in order to observe conveniently. (a) i’ system ,
CTAC: NaCl=600:0. (b) ii”’system , CTAC: NaCl =600:200. (¢) ii” system , CTAC: NaCl
=600:400. (d)iv” system , CTAC: NaCl =600:600. (e)v”’ system , CTAC: NaCl =600:800. (f) vi”

system , CTAC: NaCl =600:1000. (g) vii” system , CTAC: NaCl =600:1200.

R 4-1 AFEAHLEE NaSal IRE T RETEHEFIBRELES NARAR AR EE HEFI B (Nw)

Table 4-1 The numbers of clusters (N) and max cluster sizes (Nm) at different concentration

of NaSal
& % i i v v vit il
NaSal 44 0 200 400 600 800 1000 1200
REHWN) 8 6 2 3 5 9 12

R RERIEEFE (Nm) 106 145 490 402 314 108 109
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Table 4-1 The numbers of clusters (N) and max cluster sizes (N) at different concentration

of NaCl
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Figure 4-4 Evolution of the Number of clusters (a) and max cluster size (b) at different

concentration
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Figure 4-5 Evolution of the Number of clusters (a) and max cluster size (b) at different

concentration
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Figure 4-6 The radial distribution functions g(r) of C. Q0. Cl-. Na+. Qa+. SA. water beads
as a function of distance from the sphere's center of mass. (a)600 cationic surfactants (b) 600

cationic surfactants and 200 NaSal (c) 600 cationic surfactants and 200 NaCl

33



5 P0E NaCl/CTAC & & 5 NaSal/CTAC 1k ZRBEIT NI

(b)

B 4-7 ARPEBEFTEREAERE (a)T6lik NaCl (b)F 2R NaSal

Figure 4-7 The schematic diagram of the micelle at different salt ions system (a) NaCl (b)
NaSal
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Figure 4-8 (a) The radial distribution function between total hydrophobic bead (Q0) of the
CTAB system added NaSal. (b) The radial distribution function between total head group
(C1) of the CTAB system added NaSal .
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Figure 4-9 (a) The radial distribution function between total hydrophobic bead (Q0) of the

CTAB system added NaSCIl. (b) The radial distribution function between total head group

(C1) of the CTAB system added NaCl.
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Fig5-1 The initial model for the system of CTAC / SDS
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Figure 5-2 The snapshot of equilibrium morphologies of surfactant aggregates in simulation
systems I- IX. The bottom panels show the cross-sections of the max aggregates in each
system. The water beads are hidden in order to observe conveniently. (a) system I,
CTAC:SDS=6:0. (b) system II, CTAC:SDS=5:1. (c) system III, CTAC:SDS=3:1. (d) system
IV, CTAC:SDS=2:1. (e) system V, CTAC:SDS=1:1. (f) system VI, CTAC:SDS=1:2. (g) system
VII, CTAC:SDS=1:3. (h) system VIII, CTAC:SDS=1:5. (i) system IX, CTAC:SDS=0:6.
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Figure 5-6 (a) A schematic representation of the structure of vesicle. (b) The radial
distribution functions g(r) of Qo, Q., C1,C2 and water beads as a function of distance from
the vesicle's center of mass.
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Figure 5-7 The evolution of the total energy (black line) and the solvent accessible surface
area (SASA) (bule line-suqares) in the process of bilayer-vesicle transition. And the total
energy processed by the linear regress (red line). The diagram embedded is the sketch map

of excluded volume (V) and excluded radius (r).
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Figure 8 (a) The pre-assembled structure of disk-like bilayer membrane (the green points
are water beads); (b) the top view of the disk-like bilayer membrane; (c) the side view of
disk-like bilayer membrane.
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Figure 5-9 The equilibrium morphology of the pre-assembled disk-like bilayer membrane at
different ratios. (a) the ratio of CTAC/SDS is 3:1 (b) the ratio of CTAC/SDS is 1:1 (c) the
ratio of CTAC/SDSis 1:3
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Figure 5-10 Segmentation map of disk-like bilayer membrane. (a) the top view of the
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Figure 5-11 The evolution of mole fraction of SDS at different disk-like bilayer membrane

parts for different CTAC/SDS aggregates. (a) the ratio of CTAC/SDS is 3:1 (b) the ratio of

CTAC/SDS is 1:1 (c) the ratio of CTAC/SDS is 1:3.
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