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Designing and Tuning the Emulsions by the pH-responsive Surfactants

Liu Zhibin (Materials Science and Engineering)

Directed by Prof. Zhang Jun

Abstract

Emulsions are well-known as metastable dispersion systems, which have been widely
used in many fields (eg., food, material preparation, and drug delivery). The forming process
of emulsions is called as emulsification, and the phase separation process of emulsions is
known as demulsification. Up to now, demulsification has been realized by adding chemical
or by physical methods, which both have their defections. Stimuli-responsive surfactants,
which has attracted great attention, can adjust their structures and properties in response to
small external signals. Based on these, in our work, the pH-induced mechanisms of
cetyltrimethylammonium bromide (CTAB) and potassium phthalic acid (PPA) mixtures were
studied by coarse-grained (CG) molecular dynamics (MD) simulation, and finally we
designed the pH-responsive oil-in-water emulsions and their pH-induced demulsification and
re-emulsification behaviors was investigated.

CTAB is a common surfactant. When the CTAB was used by emulsifier, itself has no
responsive properties.

The CTAB/PPA mixtures have pH-responsibility, but the pH-respsonsive mechanism is
still in its infancy. In our simulation, under different pH value and PPA/CTAB ratio, the
spherical, rod-like, and threadlike micelles are observed. Besides, the length of rod-like
micelles fluctuated with the increasing of PPA/CTAB ratio, and that the self-assembling
morphology transitions between rod-like and threadlike micelles were realized by varying the
pH when the PPA/CTAB ratio is fixed at 4:6. Through analyzing the net charge number
around the CTAB micelles, the arrangement and distribution of CTAB and PPA molecules in
micelles, we found that the electrostatic shielding and space location-obstruct of PPA were
key factors on the pH-induced self-assembly.

The pH-responsive CTAB/PPA mixtures were applied to the emlusions as surfactants. We
simulated the stability of emulsions of n-octane and aqueous CTAB/PPA mixtures under

different pH, and found that the stability of emulsions had obvious differences (the low,
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middle, and high pH, successively). Based on these variation, the pH-responsive behavior was
designed and the emulsion stable at low pH was selected and it became demulsification at
middle and high pH. Furthermore, the whole demulsification processes could be clearly
divided into three stages: film rupture, film fusion and stabilization, and the reasons on
pH-induced demulsification were the electrostatic repulsion among emulsions and space
location-obstruct from the formed film itself by analyzing the structure of the emulsions and
the molecule number around the emulsions. Through our experiments, the differences on
stability of emulsions had been proofed and the reversible emulsification and demulsification
processes by changing pH values had been observed, which agreed well with our simulations.

In this work, we revealed molecular-level information and mechanisms of the
pH-responsiveness of CTAB/PPA mixtures, which is used to design pH-responsive emulsions.
Their pH-induced demulsification and re-emulsification was investigated by simulation and
experiment. The methodological exploration of CG MD approach on the pH-responsive
behavior is expected to provide clues for further studies.

Key words: pH-responsive, Surfactant, Emulsion, Molecular Dynamics Simulation
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Figl-1 The structural representation of surfactant.

RMTEVEFI A P SEAMIVETT, 55— AERAR T, 3RS R (I B R Tl 7
BRI LIS, RIS PERIRE B R R E CUR“ AL A Fr 4 H, Bk, Fek
iR AR SRR, 5 TR AR A AL, SR R RENS A Rt B AR P R AR B
VA E AR 2 18] (R R 5K A0, (845 =38 Z R i v o AR W R AR AL, DR R T 1
AT AR RLALTR S BT PR IR AR 2 HGH D
112 FLRBE LA

FUIRWBR — PR S M 2 M A B AR 2, e AR D9 70 BUs PA/INBGR 1R 300 |
FE 55— T 5 A B RIAE CrioRD RN, GIanKAw . # WSRO AT B
Iy N =2 KA CO/W, JITEZK 3L i EL/K B (W/O, AKAEH D 2 LR (W/O/W
O/W/0) Mo i1 T-IARAE > BUR BU/NBOR B R, 2 S EUMAR AN /KA Z T8) f T 5K /)
B0, DIUEFUIRBOE IR A ARE 1Y, 2 BRI B R RERC N5 FEEAT, BN R
TR, T2 SEIMK Y 2 o ATTHEMZKIR S TR RFUIRB RS, o<l 18
FURERIF ORI « AT K B RE, FROv Bl B S LA™, i 1-2
Fs e H TR sV R A7 R Bkl K I K At sk 77, BRI AL R b, WA
NFFIIAR R, ISR LRI R SE T o BEXTRTL,  H TR A AR BT
e — RPN NBGR I R IE, SEBLEL, sl AL 8L s
PR, RIS, BOREA AR, SERURREL, st L SR



AR (A 2083

QAo N
T AT

K12 IAMNEArEE
Figl-2 The emulsification and demulsification of emulsions.
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Figl-3 The photo-induced demulsification of emulsions.
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Sabatino %5 N\ I REIIRFL AR 7 CTAB 5 28My 4L i) pH MR A &R, R ILAE
P pH (6.70) B, KMo+ FELE PR ARG KEIF AL, 114 pH 1A% 9.94 i), i
A 2K By 4y F B ON A ZOIR IR R A s Sreejith A5 N BTV 4B B2 KR A AR R
ortho-coumaric acid (OCA)ifi 15 CTAB % I¥) H A3 72, @il pH i+ S il (e oIk
5 R BRIP4, TR SRR ARG HI¥): Bahadur 6 A*I7E CTAB
RRAE R IR KRR, KIBEE pH EMNNBIRBA, BRMRARS) 15 B 2
AN G R By, RIS f i S R N BR 5 AR [ e . o g v 5 A\ 149
PR ZHER PPA 51\ CTAB ¥HT, 4% 1 R IR ORI AR &, 8 SO i
¥ pH A, SEIL T RLfEDIR 5 2RISR I AT i 48 . Hassan 58 APOYE CTAB (A & 5N T
SRR TR T ERVE N BKIET, SCBLT pH W% SR 4 1 H .

KR REAL (R N 5 MR R 2 L ik Dk, AR AR . ORI S AT AT
MARERPEFEY. HEl, LA CTAB AEFIFTIR TN pH WS [ HBeR &R, B R
RS TES, $RAF BA pH i J32 ) B P 6% SEOPR I PR, T DAJSE FH ZE PRSI 35 R 2 )
DI IR ARSI . BEE T TR, LA CTAB LTS I6) pH Wi 5 412585 1 52 7
SRR ITE S 2 1, PR AnFLAIE L PRI R S R S5 A, X Se R R B AT —
SRR AR I HAl, ©F %% CTAB ERECAR RIS BARAT A IHRIED> 3, (HK
SCR 3 FH T pH Wi LA LRI BIF 5 1 R R I o
1.3.3 SRR D4R

It 2 N AT ER S 0 SR SRR R DG, KRR 22 R T B R e A T AR R B, A
K, BEXTRENEVER] pH MR 7T ARG T A MRVER I H . B TR
IR

(D fEEA MR R T, INRA R IR /N7 B, REf (45 )5
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GIRARBEAMNINEE. M2 BN FAREE S, DR R R AR R,
TSR TSR T 2

(2) S FHATCA WM& T 25 pH RN AR, #ili0, CTAB BERT LAFIAL 2K
THREMEN, XAV RPRRAEENAC, (EN N A R LI

(3D MIT—EAE Sk i Sk 212 B 2 BAR RS2 bR R o, 451 G B 1) 25 4 508
FUACHEAL I R 2OREE U (Ht H BTk UG, X877 IR HTRAR D, B Bopd S
I A ik — PR &

1.4 5> FHRIUTE pH Mo B2 55 Y B2 AR

PR, AR T A R BT AL R SER, 2 —R AT EOAR O A
R ARV BA A B T . EBEA R BRIG, WAL, 7RSSR 2 1A %
DRI RPN, th T TR R MBONGE R, Kby Tigshid i, R E s
IR, W0 TIEXKE R SO AR AL M LB e o A B A A0 %S, 1523
Bk KR HAT, BEEFHEIBER KGRI, 0 PR EORAE A IR0 1)
BT AR ) AR AR o R, 0 RAUALE pH i E 3R 7T AN o

W T7E pH M N A RE T, @R AR LA T (W1-COOH, -NH2 55) [y
PR BTG AR 54D AR, RIAERS R I R o, 3%
HE pH U7k IR & pH 70 T, WAL I8 S0 I IS AU AT R 2 1R e (RS
REERTT FORAERAUNS, SKHER A A f A0 (RIUEZZATT), BRI 710 (k2%
PERD, Bl FLlR RS AU AR AL AR Y 205 iR I e K IR s A2 RES
SEMEE BT SO 45 pHAE T, PR THIE AR, KISt A& s
K P ARFESC L pH B ENEAA. HAT, W& pH BN IE Dagir £ Bt LIRS
PSR o

Han 55 NPOER 73 ALK AW ST A R K BE 2K BEAGI T 5 ek IR ik R 5 4L ol (1 X
TIERIRENE, KOBEE MR S L EI B, X1 2R R, X1 )= ffae
AR « R £k 5 A I S 1 B A AT B S DR & A, Tieleman 58 ABTRTHLEL
BT a1 AN T3, BT T MERAEANR] pH E T 1) B AATESL,  [RIFER R 15 i
PR PR 56 A9 ) DT R RARAI pH A AR AL, RCDIARAM < JR AR B8 IAR TS,
XL IR G SR I R T — 20 Morrow 58 APSER 42 Ji1 70 18 J) s 7572
WHFC pH 753 N T EERR H AU IEIR GS HAT 2RSS ARt I /e, R BLAE = pH AE T

9



F= 5l

hafl3

TERERIRIRH,  TEAS pH H TR RZIREE M, I HSDil 7 AR A8 r.

Moore %5 NG HI et FORDRLEE R, 30 T —HRBUCR &%) PAA-PBD i pH fE !
Ca? IRFEARAL AR, 5B as RAEIRIF XTI, HARBIERIE ., IR, ERZ
() HH A% AR, Sk ] 1) 7 B) HE R BEAEIX — I R rhie 21 1 OCHEE AT s Hall 2800 N [RIFER H
FORLEERLALL I T70, A 9E TIR-G IR BRI 7 B %, R IAEAIS pH R EEHE pH 2%
TF N R 5 SEUMAH > B s Fazli 8 NCUBEFE [ pH (EX = MR & TR L Ik EAK16
TEBKR I H HSAT NN, KIARLETA pH 2644 T EAK16- [ A1 EAK16- 11 #RE
[ 225 IR S5 M, T EAK16-1VRSTE = pH AU pH AT RGHIRGE M, 7E Rk pH 25 1F
T RBIRGER . P, BEBEARTEER I pH W N O AE, 38 LBy A
HERTAI Ny

HRE pH 2r TR 772 eI 45 BOREE ARSI — B, IEBUONHEFS pH R R
— A W7 BT, AR, A T ERAUECRTIT R pH W SR ST A LT
JURALH: (1) BARBERSA, fema R/ mseinry, JRAMEAE K E 2 i A
A, T ELERER pH (SEE, fAEEE R ERRE, (FRH S TEI ISR AAAE
IXAE IR s (2D fARE o JBL R BOULBIL B, 38 S o0 ) i ) B 0T ARSADLE I [R] B mT A
JUANRD SRR LD, 2 (B) BT DU SR 7 B L E GoKEE R ROk . BRI & e A BT TN
SFRIR EARMEEIAA . FRREWORALER, FRATTE & Hb 1 f# pH i B (1 A B F it T
TH: (3) BESLi s T8 . TSI R/, SeTT R IT, KB4
KAG G LI A R, TR I BIAG, HhAh, BT B, RERT SLIRRE L AT L
BIATHIAIRL, KK RA. BT U Emhes, o FREEREH T pH m S it
Foo AHFI WAFEE A H: 56—, HEAUEAR RG], 2N TR, Bt Te
IR BRI R A s 36 =, JIANBE R, HEAELETTREM /13, JCHAEI & pH
WL, BB E I iR

1.5 KM HIFR A B FE X

Li BRIk, xbT pH i AL R T E PR A PRV I RN, AT BAEE O AR LA
Jim: (1) ZRIENE TR BAT AR K I Re 71, eV BIRa € FURBIITE T, FLALRk
FLEZE . MR RS A RN AT (2) SEGRmEEETIAREL,
N2 PR T PR TR RS B X A TR S IR NAS 5, WDl IR pH 5%, KBRS AR R,
RN SEOLFLIRV SR AR ROIT s (3D BT, S Eo2it w2 pH MR AR, H
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o S LRI AN B, AR UG LU S AR /D, DU B X /N1 2 T T 77 14
HHRAER: (4 5 FEIEAR CE RN pH W R 7L+ 1) — G 3F B, ATTRE @
Or FREANER, fEHT pH WS ROR AL, TR SIS ORISR, X TR TIT R
pH M S P LA FL A FR BT 3 R

FEARWRSCH, FATR R 7> 58 ) B 7%, DAt e dk = R iR A i
(CTAB) NEFH, WG 5 Bh&ER — HERE S (PPA), 5T CTAB Al PPA
FITRE S FG) pHL M) 2 2% TV R ) A R TR P AL, PR 2R L i S BRI AT LB R T 300 A8 1 R4
L% pH. Wi LR THVE T AR 2T OG, vk HOBn e pH mi SR FUORAAR &, AT SEIRAL
HFIRE L -

KRFE LI WA EER: 5—, MRORKAE, K5 CTAB # PPA &
TR MR 2R 1) pH W SISy ) R4 ik REEHEHR R 0; 55 =, Bl CTAB 1 PPA
TP, Bevt HBT e S A ORI A 2R, SEBU FLARIR ) pH 4%

11



B MIATRETR

BE MIRFESHR

WS TR AT, o FARSUEORTEIT I pH MR BB U A R — T AR
o B TENSFRNR D) TRMBAR I — A EZFB, LB REAR, ATy
NAR TR, DRI EERI . A RSSO, By, e R AL ADL A HE 08 A S50 2
TRIANER, R T R REE A S, (HIERDy i, a i R IE S
FOA A RPEEBOR S I 1A R A 2 s Ao WL L TR0 AR R IT A, BEAR L3t
SR R I EEARAR A, EHD R DR RE B . 2% 2T I A0 1545 B SEI I o REDRL FEASEAL63]
AT I — oy 78 12 U, BEReA ROt it SRR, REE—E
FEIE Bt oy 7 RIAITE R, ARFIE AT FREAR WNRARKKER. B, JATK
FIAURLEE 70530 T3 2B 753, SRIT & pHL i 82 R AH SR 7T

2.1 MRE S FEhF1FEI

FURLEE 7373 T A B R R R RE ™, A T & i1 7 73 2 dthn 5 1. 72
T TR, ERAR R T R T IMONEEE M BRI AL TR T
ref /MO SR, BN T RS s R R 2 St AU S i, AR BB AT 5
AR BB RFT AR T E R E RGN GHEE, BXRGETRE—HTA
b WRIEETg, SREZIE T 0 P27y (5T RERIREEE ) FRARHE - s — &
SRR S5 G9Ia6EE (T ENUEE e B -BUR L2 0 BN T 1A
VR CRAPL B B I R0, TR At 3h 5 R Ry SR T — I 221 J5L 7 10 o7 B A
B ik R PR R T, BRI 4G SR R i A - 2 ad — NI a] TR R A AR R .
BEE R, wtnl DS RIS R G B T OIS SRS GRE R RR)
BAIPIEPY, Kt A AT > T Al AR SR A S B, R )T B ) AR A
T TR AN R AC R B EoR e e — 2. ME— AR, BRI 71 3h )2 p
PP < BR T g 22 M AU S E

A EEAR AU 42 Jo 5 BB e K DX e T < BR 7 A08E 1J8 77 il 2k 1,
oSt — B AR IR, 7R 4 U ARAUL A 2 At b R R (R T LA AR A 110 i B A
AR — A B, BRI —NERT. B, #£ Shinoda J337rffs 3 ANk 731 ALkE
WA TAIKERT . R, AR A I BR TR R T B JE 71
N B LA R T R BRI i, Ttk TR, b TassE R, KOE T

12



AR (A il 218 5

SN2 Ui RN VAN

IS > AR A JF AR, MRS 5, 5 RSN e A
HEYIRZR, WIS & B g5 RAA A 2 R E BRI, S AR, Hak
HAABRERBINBCEERIEA . BRERECH ZMRAL, WnAEgaishae. BmgsAae. B
Tl ae. A Re . B IEIRS AR RO R BRI AL A FRALN R,
A DL A 5] ¥ 34 bR Ok o, i LIV AR B 465 & 4 BE 11878 3K Lennard-Jones (L-J)#
T &AL AL R B2 0, H R Bh S 815250 . MR,
HFBR 7 H5IN, A5 T ZHAHIAGE. BRI HAESER A, R 2
Wi iR Bk, TEFFRAKLEE 253 ) BN /T, FRATTE & SR A 2R 1 1)
171324

RRERTF 1S5 = AR IR ARTHE I o B B SCrT o, B T4 R 7,
FRATT AT AU LA AR SR 0 57 B B — N BR T, AT RN ER T IR R A A
FTERVEYE . B, FRATEERT AR =ANK TR — R T, A DB AN K F A —
ANERT . AR TR, S NERNRK %S, Bk, I RRRLEE 7>T317)%
B Z |, AT Jed AT BR R4 CHLRLALD, BN ER P ITARER I & o R IXHE,
ARk EHI 1S5

H i, 7E T R RERLEE 43T R 40L e, 5 F IR 9 73 4% 202 Shinoda /3% %1 Martini
713%'%). Shinoda /)32 1 Shinoda % AJF KM, /& —FhEE xR 5814 1137 T 2,
BT FE I 6 R 3 B R T B R AR SR (R R D MK, 1
Shinoda /3, —3LkI4rH W. CT. CM. CT2. EOT. EO 1 OA 3t 7 PRI Bk T
W AR 3 KT, Hoal 6 FhBRT 70 AR AR T B 5 4 LItk b 1) 3 — v B, R b i
XARIERT, AT DRI AT 2 BB (V1 58 A8 L R 1 K PR . bl T X AR R T
FITAR 2 1 5L 7 32k [ 2 M — B /2 1, 49140 CT 483 CH3CH2CHa-+ CM X3 -CH2CH2CHa-
5, HABRFIRIREARE ) AR & e (4, FBTid Shinoda JJ3 R A MK . HIE
PRyttt & s L 2

5 Shinoda /J¥#LE, Martini 13 H %5 L&, €2 H Siewert J. Marrink 55
NFLRIFFR K Martini 73 2R, HEARE R JEFIEE, i RARE AT
AR —383E [, 7E Martini 73, BR7H ADURSE: etk (polar-P) BRT-. JAEMME
(apolar-C) ¥k¥ Jo#fE (nonpolar-N) k- Al47HL (charged-Q) Efk+. 1MixX Y KK
PRy, SCRTLARIRAH BLAE I 555, 4 sE 4B 73 18 Fho 18 FhERFIL[FIZL A T Martini
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B MIATRETR

N1y, X 18 MR FH MM R IR BAEA, 28T 10 MAERER, B4R
RIS ZH8AE .. BT Martini 15 ER T AR AR EER], RERAEME AR
Hromgs, PR R EEBAELL, la] OISR B BR 7KK 7R . 0 Martini 7737 B 1R 4T
S PR, (HX WAl s T RIS AR, V250 R e R i, AR R
HATIEIE, RERTEBTHFRIIY.

AR WL, AL Shinoda 7137, &4 Martini /137, #4% H ORI, WEHE
H AR . ESEBRIRERUERE AP,k 75 B R (R 705 RAAT 00T, A g 1Y
15, FERATIE LB IERNTT K o B ALRLEE 45T 801 7 2 AU A I 58 AU R 1 B
T HIT R E R R — Mg KIS RE . RAE M, S Martini /13 98 TAERITRE,
Rt T REFMBORZERFIFE SEH

22 ARFR
22.1 MRMREAARLIRE

FEARTRITEH, BTl R BIT S R E G T/ ik = IR 8 (CTABD. 4R —
IR (PPA) FIIESELSE (n-octane) =Fh, fHH1) 13 R bRl Martini 7137, 4%
Martini /33 Bk %53 77 30, BATREAH FXE RIEAT T AH L ORURLAY, , 2257 T HDRLAL A2
Wi 2-1 Fis o

(a) A
Cl1 C1 C2 C2 Q0

(b) coo- Qa ©
o NN T
SC4 C[COOHP;; C1 Cl
B 2-1 (a) CTAB HIHRALAREL, (b) PPA KIFLRIALIEEL; () n-octane FIFERIALAR AL
Fig2-1 The coarse-grain mapping of (a) CTAB, (b) PPA and (c) n-octane.
CTAB & —#H WHIMHE 7 RUR & 57, 728 2-1(a), CTAB 7r THOH KA %
C1-C1-C2-C2-Q0 &5y, FHrr, FHOHE C1 M C2 Bk T, AOARERAKLE. B 2-1(b)
Y5H T PPA WUMDRIALBIAY, 3 NaRfh) SC4 ZR1. 1 DM EH Qa Al 1 MEEGH P3

R, ARATIRLRLAL 7 2K H T Sangwai 25 A1 TAECT, 7EE 2-1(c)H, IEFkit
Rty C1-C1 4544 o Le At HURAL IR /KRR 4 AN IK 031, A7 AR 1 3 P4 Al BP4,
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73 i BEAR R IKET 90%A 10%, HH BP4 BRI N AR EE AL K B 45 il 2« By
IEHIE A Fr gty 51T, RORLAG R s A R AL 35 1 MR 1A 3 Ak 7, ]
PR ARAH 1ANMIETR 3 ANK I T AR BN B R S R R ) 4 T
LRI R R AR R 2-1 1, B ER T A AT F 2 08 AE Martini /1375

R 2-1 HRALE Martini J13% 3k B Ho0 B 4 R 7 454

Table2-1 The bead type list from Martini.

B A FK EolL e
P4 (H20)4
BP4 (H20)4
Cl CH3CH2CH2CH2>—/—CH2CH2CH2CH2—
C2 —CH2CH2CH2—
QO"(CTA") (CH3)sNCH2CH2-
SC4 —CHCH-
Qa(CO0) O=C-Or
P3 O=C-OH
EO —CH>—O—CH>—
Qa Br—(H20)3
Qd* K'~(H20)3

2.2.2 pH Mo 2 B9AERL L F13%

CTAB A& I ARA pH WM HThEE, (FRE PPA 1E/NaF IR, MANIRAEE R
JG, T TEANEECAR R pH R IIRE . HeA) iR, AT pH RAEBKES, 7E CTAB
A PPA IR AA R T, BANERASAL K fE PPA 731, B 512 PPA 4 TR TALIR S 141
HiF PPA A7 PN AL, BT A pKafd, XAEA PPA BAT =R AR B 11k
REW, FEEET, 24 pHAENT 2.9 B, PIASSkEE2ER 740 PPA (SLFR“PA™) 15
FERSy: 2 pHETE 2.9 F1 5.4 Z [EF, PPA (“-COOH”, “-COO™) HE5; 14 pH
ERT 548, KIEAEWERTE PPA (HBIY“DPPA™) BLAEE M), Kk, N7
BT, AR & pH 2 PRI 57, EEER AR R RS ¥ PPA 7313k
PRI pH 24k 7E pH /NT 2.9 B, FRATIE A K72 425 4L 1) PPA #5%4(“-COOH”,
“.COOH”), WK 2-2(a)fr, kA AN P3 Bk 108 ; pH & 2.9 f1 5.4 Z [AlK,
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ffiH—“-COOH” F1—2f“-COO™ [ PPA #iR!, Wi 2-2(b)Fr7~; 4 pH KT 5.4 B,
i F Sk FE AT R LI PPA B (<-COO™, “-CO0™), WK 2-2(c)fi7n, SkI:4HR A &
1 Qa BRFAE . MITERAMBBLIRE S, 2 pH AR AR, FATE @ %
A% PPA SKEEMITE, SRAETL pH 1284k . ALl b2 77 :07E Choon-Peng Chng %5 \Fiff 5T
L FEE T Tl I A 2R ) B A AR TR s P e A RS0, kg, AT R B A E
SRAEFFAI Pt . & Bk T (AR BRI 1 /3% 2 50846 Martini /137103 AR 2K

P3 Qa Qa
[:::I:ZOOH CcoOr oo
X @CL,
OOH OOH 00"
P3 P3 Qa
(a) (b) (¢)

B 2-2 RFE pH &4 T PPA HI=FiR%& () 1K pHRE T PPA LBk FHEL: (b) # pHRET
PPA ISk ZZRTFHEL; () & pHIRE T PPA HILE Bk 1282
Fig2-2 Three states of PPA at different pH. The bead type of head group of PPA under low pH state
(a), middle pH state (b), and high pH state (c).

223 EMSHIKE

FEAWEFCH, AR 77 8 1 AR B 5 1) 73 #8238 1 GROMACS 4.5.5 B
AU . BRI NPT #R45%, A Berendsen #I 4% 7705, Kol L4 il £E
298K, R R aAE A 1 SRR U e BATE A R =4 RIIE R & 7, TR &
2, AR AUR R R & T RS IR, AR BRI vl . B
IR E O 20fs, BAUAEI A Tus, DA OREE ME A AR EIs 2P AIRAS . AR
HAEFR RN EER 12 A, IHEFIFHER GROMACS AL R HORBEAT 7 BAb B, L]
A9 AR 12 A Z (AT HAEIE, FEC/EIZE 0 A 21 12 A iy Bl N BEAT AR A2 IR
RSV RE AR D45 R AU % A S i T AL 3K VMID(Visual Molecular Dynamics) 3 fF
PRASEEL I o
2.2.4 HHRBE

ARSCHEFUR) H B2 T pH M R NS PR B — R R R FRBR &R, 2 pH K
AR, FLPORBE U SCEL AL AN FL R D RE . T I pHL A 823 T 3 1 ) 9 AR B —
Wi, T IEILAE CTAB SR R E: A PPA BRECITEMIN . Hik, AT 875 PPA 5
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NJE B R I UBTE, A 0B R4 e 4l CTAB R & MEFI AL B FLRE f1, XAFEA
BET M S5 3RAT G ST IR RIEATHLRT . BEAh, PPA RI CTABIRG G, TEAE pH % 4F
, EATR RSB RAT A2 B A ALK TV R A 5T PPA I CTAB A RAT 9 ?
BATHEAT N, R, 7B I — R R pH i S E RIS TR R . S
SR PLiZ% pH W RIHLEE Y FERY, FIFH CTAB A1 PPA ¥ it HBr B (SR A 2

S, FRATHIRE A BT LAY N PR = AN B

%—, LL CTAB AFMAI, BT CTAB S5y /KT = AR AR FURRITES, &
B LRV G5 A s MRS EVE, N e St S iR i 1R

%, & PPA 5| N\ CTAB /K&, 5 CTAB I PPA fEAN[H pH 214 T I B 3547
N, WFEC TN pH 264 T A5 R 22 57, 45 1 pH ML AgHLEE, XF CTAB 1 PPA
TRA RGP RIR R STIE ) 1 4%, (R S0 UE R KL S0 7 iR 7ERF 7 CTAB 1 PPA
M 7 A 2R BT 1143 o 5

%=, R CTAB Ml PPA iX—Ef pH WM Ih AR &K 5, N 2 ZLACRIFL AT,
5l KRG, PFARFURBMEREYE, AR N, I E i S T B AT
BOAIE, AT DRERA TR E AT 4 R 0 IR A

BT =AMB, AR RERSIE = . iE.
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H=F FURR AR R E T

F=F ANENIAUESEREREN

AT N LRI —Fh 2 AR A 1 70 BUR &R, — g s /N0 1R 2K o BB
OIHUE S AW —Fhiik (8D TR RS A R . WL RE A e
Ky KM Z ER GURE AT R IR RS AR e A 1E, AR hFaE”, R
FURIEAETE B B B R L, AR Z AR e sem LR e MR Z G IR %,
PCAnIEE . SRR O RN

N T pH RIETT IR RIAS EVE, RISt pH i R R FUIRB MR &R, S8 pH
AL DR, BRATEAR: B — e WIR AR CTAB, @i 4N+
PPA (W75, Rk, AT 5f pH FFB FLRBAT AT LG, fEA R,
K FRERLEE 73130 D5 A J7 v, W 9E4E A4 CTAB AN PPA 15 TZ T, CTAB. il
FIK Z AR A B FURR I A TERS , FHExd FLRIB I a5 M RIS 8 M T b R R . TEIX L
f A T IE £ ¢ (n-octane) RARER .

3.1 #iptRE

B 3-1 A [RIRRH P70 R EE 51 R FLAL TR S AT A6 R R
Fig3-1 The initial model for the emulsions of the different CTAB/oil ratio.

AEF, FAWF CTAB. IEFHAMKEA R LGN LR AL . ki,
PRATRA A 1y = 4 S8 AP B (K72 100x100x100 A%, TEEEBLL FErh, [E 8 &1
FIER T B (8364 M), 70 i) ESCAR R T 1 70 RO 80 H AN I S e O 80 H BEAT R R
VA PEAR R H AR UL 1804 360+ 540 F1 720, IE-LelI% H 43 HI%EFE 3304 660+ 990,
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1320 1 1650 4>, B 5 1H5E AT BT HK > T H . P PACKMOL A7 3%
TR S ST B8 5 MK BEL 7 BOE &P o HIan OREG BL an 18] 3-1 fro, CTAB
I oy B 5 AN ER T, AR 4 NEEMBUKER TR 1 AL SRR T,
AL T (/N SRR, KER TP 5 R E . 7ERI AT DUE S, RISV
FTKAZBEHL A0 1) o

3.2 R TS

VIR R 0 I, 4% 2.2 /N 3R R A SR B VAT B, AU Lps I
], MEFVIRBIIA LA .

3.3 BR51HE
3.3.1 REEMFIFHEN AR BA LSRN

FEAN TR 1 2 T EVE R R A N IT RN, BRI 2 MBS ML, il 3-2 B
Ne TEEIH, AT EWER, FRATBRI T /KR, (HATLUE CTAB 41 [ 1) SR &
WKPAH, 55 EBKER AR, 54 aRKBR Al i W& KA.

M 3-2 HIATAT A Y, AER TS PR A & EE BRI, (2 180 AT 360D, Wi AnA
MR, STEBUKA MR BEEM S TREMNEZ, DRIRIEENAE
BE AR A7 (10 A LR AR DR T AR T 43 8, B K XGE S, H & Bl K 2 E LA ;
fifi 2 Ak S 2 F A, R K KRR, SR EK B AR, KA
TEARSCH I S0 A5 R /KL Y, AT DATEIX BLOR AR FR IR o 24 3R THI I 1A 710 4 2 L 2 s b
540 F1 7200, I B MR, 23 T8 B2 A /K AL A FUIR VR S5 4 s k23 i 2> 740
JUI T2yt B eh 7K R B P 454 o

7 P 3-2 W ml LRI, 2490 431 (1) B8R 330 i, 2 T 9 P4 771 & B (it 180 A1 360,
ST K AL FLRIE A, BB RTIEERIIE 2, 2RI 2NN FUIRE,
FRERIR, P o IR TENE P BT SN R IO 24l 5y 78 1650 I, 2
BRMEMERIIIE 2, oK o2 S5 A8 Bl KBS 450 78 FAI 70 T = 115
LN, FUIRI AT 25 22 B 2 2 TS V77 B I AR A2

LA 3-2 WE, BATATLEH, FURBAIAAES S5 R iE R CTAB M
Mo EEANET R AR, RIENETEFIN SRR E, W7 kD, BRE 5Bk ail
MR ZE R . BT O/W BLFUIRR TE 3 WL BRI E V2, BRI IRATTE AU 58 O/W 2
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H=F FURR AR R E T

FUR . FATTELE 3-2(b) IR BRI K B S5 H ], fil—Le PR m It 5 B

1320

Bl 3-2 N [RISRIENE 57 ANH H] T 2RISR A
Fig3-2 The varieties of emulsions with varying the ratio of ctab/oil.

LA 3-2(b) () O/W FUIRI A B LN JR AL 20 AR AR 70 7. CTAB 1) C2 ik
Bk CTAB HH) QO R/ACKENIKH 42 /3 AT %L (RDF), Wi 3-3 fis. fEEHEK
TR AUREL, BEE SRS RN, W27 FERZ). C2 2k (SEL) M
QO (ZLtAf¥IZk) 1) RDF £k S )m tBLUEAE , X R W] IR He AR i 171 CTAB £E O/W
FURBEA AT ATTE DL AR e PG, RIENEVEFRI K (C2 BRTHIALED fhA
FAR R, TSRKER (QO BRT) MIAL TG ANE, BEiE 5K, @ O/w
FUIRTR A B, KA BT BATIAE ) PR R A LT Jee ZLARRS € PRI 7T o X b
MARAE B SREEVEAE SN K LSS R, RENS B i P S AL KA R T R RE 7T
AL FT A 251 <5 SUsAT 25 T I X L F A 52020,
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Fig3-3 The radical distribution functions (RDFs) of O/W emulsions.

3.3.20/W FLRBBIFR E 14

FUIRTAE A2 2 AFAE ST R FLRVBIN. FH B AT 3, W SR A FLIR VR BE W6 15 S T AH EL £
FEMAL, AR R RS EAFAER): MR, QR IR ARt E, A AN
fagE, RU@EEFrirail. # R, R CTAB AT O/W FLIREM AR e . Eid
32 PR IFRIAAIERS, FTLUR I FEMMARE 2 0y 330 I, 43R HNE MY
BRZILE 0 ) 360 X[AII, 255 B KB R ORI SE 1) o IR, A A ] 7
1F 330, BUR S 7715514 0,60,120,150,180,210,240,270,360 F1 400 B AT B D 7K AL i
SERy, SR O/W FLARR A e Tk

0 60 122: T:]](_:';(nz)w 300 360
B 3-4 O/W FLIRWASEERE CTAB 5 H 24k
Fig3-4 The stability of O/W emulsions with increasing CTAB number.
SEHUAE R AN R R G PR A H N TR R O/W FUIRTR BN S5 R, 70 4
GROMACS %+ ) GENBOX 14, 4 100x100x100 A® & ¥4 x M7 iy gk
200x100x100 A’ 4R &, PSS — RSB E, B 1ps, MEFE—& TP m
MBI E N, BARRITREAE S T h vy ] . il 3-4 PR, BRG]
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e tba> OhT 1800 I, F—& M ANFUIRBOF SRR E A, SRAMET
BN BERBIFUIR: TR s MR R CORF 2100 |, F—& 7w
FUREATS AR BE W ORI AH TS, RIFUIRVBURMSZAR B AFAE R . IX3RY], B RV
HH MG 2, O/W FUIR 2 AR AF ORISR SE X+ CTAB IXM 1 B (R 3R 1 TE IR A3
HAE Mg S R T B M s 55—, CTAB kAR IEHLIN, BEAE 2R TS P77 10 1Y
%, FASFULIRBER T A IR R S H S, ARR, [ 7 A FUIR B 18] O HE
TEFRLSE 5, PRIMIAGSE: 28—, M TRmEEVETIRIE 2, MoK S i AL 25 He 2 5
BOH, RS PR A DR VR Bt s . X R RS R PR IE. B,
2l CTAB P K @b LR =i — €, B CTAB B H IS 2, FLIRBHIAE
SEVE BTG5, AR E IR RS IRAS, B A 2 3 i i V5770 P 7R B LR 4
P RSE o

3.4 KRENGE

A FERT T H R I RE pH i R LRI 2 I 7T B8 BL il RSB Re A
£ CTAB 1E 9 FLALTIR , CTAB 5l AKBEAT = AR & I SR FLAL T3S S H A e 1,
5 5 SN PPA J& BT I ZUARBCEEAT XS B, AR BERAT TR A s

AT AU LU I, FURB R AR SRS TR AR EH B EY)
IR . FEARREEVER . WKEEE T, 2B ARBAMELS, W o/w B, i
IRXCESA . WK RS B adrRH T O/W BFLPORM S H4s rl, HAREN,
FTE B K IR A A, SRR 5K Bl . XS SE M AT (5 BN ERA TR R 4k
FRIBIE 7E Hh Ak FH TR R A AR SR e A s PRI U PR AL T RS - AR, P IR R T 41 CTAB
TEFLALTIRY O/W REFUIRWRAIARE 1, AEMAH—EIRTHR F, M RIS TEF %,
FITHE I FLARBOBAS RE XN R SR T ST R pHL Wi S 2R f PLALRREFL A 2R S it 17 XL
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$ME pH MR REEFIARNR

1E b—3, AT T RA CTAB FEAATIR TE B R - FURIR AR bl
RIE MG 2 g, BAR TR AT s, CTAB {ER—FE WLIARH &1 4L
RIEVEHER], ARG I LG AR KRS (HiH T CTAB 717 B RIFME A, &8
W ST BB PIREEER B T B, B ] DUENAE CTAB R 1HVE
PEFR A N pH R BRSNS IR R B pH R L D) g

Hil, B&BERZ/NDTFREMBIRT CTAB /K& pH WM I IRE, WZKm 1. KH
MRy 1 MR . AR —HIREAMSE, BEVIAIRAN, SBREZ 1L, CTAB
DNEEFN pH WA R R S HEFRIR R TT R H ATEEST pH e R R 8 R TETE S0
A% b, Bl Huang 55 NJEIE [0 CTAB Hin4R 2K — HI RS PPA 7572, WiT T pH
JSLFR IR ORI, 24 PPA FIl CTAB FELBIE 4:6 IF, Gn SR pH 2648, A4 34
WIKH (pH A 3.90) FFEHERH (pH N 5.35) Z [\ EEA, (HE T NTARE K
HE AR 2 S AR R T Rl R W AR ? AR I O I R SRAT A RE 2 R R
Feo IXELICEE M N HLEE, HOLFATITRE pH 0 RAHSC R 1 ER S . A TR s A
PR pH M BRI, 2% R B S 8 A S S A M BR ], FRATTH I 2 AL R
TR,

FEARTE Y, FATKRH BRI 57830 )12 A J7 %, 5INEIZN 52 PPA, HiF
FAEBA WAL R, CTAB M1 PPA 113 & IS M4 R I S HLER, $R5T1%
IREEREAR pH ZHFIANFE ) PPA/CTAB HLFI i H 4SS 22 7. Bt by
B, I T BRI IZAR RAE pH 753 N BRI TONNLE], 45t S, PASi
Xt CTAB M1 PPA YR &1 R HUSE M T, I NG S0 124K 5 8 H SR AL AL AR 2R bR it
SR HER . (RN A BRI AR F (AT AT, FEEOHDRLRE 431 3l ) 2 DR i R [ 2H 2% 4
BRERE, NIRRT R IR RIS

4.1 ¥IRtEE

AT R, FATHTL T CTAB Al PPA WG R, E=FAET pH ZAFFIARI
CTAB/PPA LU R E 24T N, HIRE pH B Sk R RERFZLINEE, bTFLE
BRI ET AR T RATH AABTEIRINEE, FIUTEX E, AV 0 =48 FA &
T 200%200x200 A3 f. @RS 3.1 PRTEALL. AL, KE T HIER TR
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[ EALE 63300 . SRLEES, [EEREEIER CTAB M H (540 1), [HIREAR
HAr A IIN 90,180,270,360 F1 450 /> PPA 43 1. Bb4h, %08 pH 244-HIANE, BJ PPA sk
B FACRESIZES, WWATIARPE S 7 KR, BETHEH/KERFIEE (90%
f1 P4 Bk A1 10%f) BP4 Bk 1), )i il PACKMOL A7 5% 41 43 34 5 s o B B & 1
W, AT RIEB A & 4-1 fizs. CTAB FKH 4 NMEEBUKERTA 1 ML
R KERFRIRG, PPA EMH 3 NMREERTH 1 MG, | ADNEEZR TR (JRIEH pH
HIFE 2.9 3] 5.4 Z MIFPRES) . 7EE] 4-1 Rl UGB, AR R 1% 4o #2 BENL 2 A0 19 6

9 -,“ 8‘,.

';-5 & Bl ok {8
TR e |
"""" £ s |72

A

".

Foo

3 DL A

® " 208 o

8 g R N\

K 4-1 fEAF pH 8t CTAB/PPA LB TR A REWEHERMA R B AT AR PIREE!
Fig4-1 The initial model for the self-assembly of CTAB/PPA mixtures under different pH or the

CTAB/PPA ratio.
4.2 1EHEATS

Wi by Je, A6 FH 2.2.2 g 21 pH i B RLREAL 380 2.2.3 w28
BE, BRERER 1ps (IFE], WER G RE=FAFER pH 25 A R &
(RIS RS 278

43 ER5VHL
43.1 A6 pH &%~ CTAB/PPA SRAA R BHLE

N TR CTAB Fl PPA 1R AR R 1 pH WA N AT A, 45 AR BE 2+ 3l J1 2R 3L
%, fE=A pH X[AIJF B & pH X (pH KT 54). HpH X (pHTE2.9 Al 54 2
D). & pH X (pH /NT- 2.9). BT AR aa B R #R H BE AL /- B . CTAB 4>
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THH [F 2 7E 5404, 155 PPA % H , 13175 PPA 5 CTAB I ELI M 1:6 284451 2:6,3:6,4:6
1 5:6,
43.1.1 HHZERIS5HT

1:6

— — _'_ li

Middle pH

(2.9~54) L

&l 4-2 CTAB/PPARE1RRIERF pH THE PPA % H AL P A4 2
Fig4-2 The equilibrium morphologies of the CTAB/PPA surfactant mixture systems with increasing
the number of PPA molecules at different pH. The number of CTAB molecules is fixed at 540 in all
simulations. Water, K* ion, CI- ion and no adsorption of PPA are not shown for clarity.
fE B4R, BATKIL: EANF pH A1 PPA/CTAB UG T2 LR ##
LA F MTEST, i (B EE B & 4-2 iR« A 1B MR, BATR T8 &1
FE T KRR B PPA 531 AEBA AN PPA MR, AR ) pH 24T 44K
A, CTAB 70T HARREM BB, W 4-2()fr. /£H 42 FE—1TH, A
4-2(b)F| 4-2(f), JE/R 17 pH X, BE# PPA HH B2, CTAB RIRMITEHALIE
Blo WML, PPA RN, RERSF A CTAB AR MIRIEEOR MR R A4S . 81, 1E
AR PPA 7375, BITEA[F ] PPA/CTAB LU N, BRIRIER K A% R KA
4 PPA Fl CTAB [ LLI2 2:6 i, RITERE 4-2(c)r, BERF AOBRIR IR RO Sk ¥ AR I
&, {E PPA/CTAB MILLBI/N T 2:6 B, HRRIAUKEOZRES PPA BAIHINMAZL, 14
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PPA/CTAB HJELGIR T 2:6 I, BRI BB PPA BRI HN . 72 pH X
tek, BIE 4-2 55 AT 4-2(g) 3 4-2() i, [RIFF: BE A% I 52 B BROIR IR AR BIHIR B R K2
SR, i pH 26 T K IFRIREC R HIWAE 2:6 (PPA/CTAB) ARIZ, K
B & B ILTE PPA A1 CTAB FILLGIA 4:6 IF, Wil 4-2(), It H&o &7 RIEEY &L
J&, ATLAR IR — LR 2RI . [FIREHE, 7E PPA #1 CTAB fILLBI/NT 4:6 B,
PRI R I B 2 B PPA SRS INMEH a beliEsd 4:6, HACRERERIR )
K 4-2 55 =47 R /R K2 7EK pH XN, I RE 358 PPA/CTAB LU A AT AR AL [R5 5L o
FEAR pH X3, 7EE] 4-2(1) (m). (n)F, FrE IR AR AR R BRIE 454, A7 PPA/CTAB
ELBEE] 4:6 (WP 4-2(0)) F15:6 CWIE 4-2(p)) B, STERVFZ IEH FHIFRIRSEH .

3.0
251 ‘Short Rod-like
] Micelles
£2.0r ¥(140,2)
= 1 Spherical ‘Long Rod-like
2154 Micelles © Micelles
- ;
1.0 ; ! l'
0.5 1 L i 1 x n
0 40 80 120 160 200

The Aggregation Number (N)

& 4-3 BRI BEROR H CTAB % H Bl

Fig4-3 The ratio of long and short axes against the aggregation number of CTAB micelles.

N T EBEMX ) & 4-2 FPERCIRBE R ATRRARBOR 5 i it S MR BRI A5 ARSI, 3.
AT BRI (Tma) AL (Tmin) 2 FERFRIR o B 4-3 JEIR 17 JRAAR 14K el A1 2
Z HEBEBCR T CTAB REAHH (ND MR S RAHH N<80 i), KAl (Tma)
AFER (Imin) Z HOAE 1.0 247, BERME IR EIE B 2 80sSN<140 I, AHR,
1O<Tmax/Imin<2.0, WL RERUPRRIRBCATIC G M0 N=>140 B, K2 KT 2.0, it
I FATHE A e SO K IIERIRIR AR . T REE R, iR ORI ROR & i iy R 2 5
FEVESEN], BN R EREOR . I KA S b, FATTE SCT BRI . BRI AN
ZORIRA . BJm, BATER 4-2 B98P T, SRR A R R R SR B AR P B 2
) CTAB HI7» 74(H, W3R 4-1 Prx. B, 2 TRATEHN E CMEABRGH
CTAB RAEHH , B 4-2 T BrA B AR Z 1 Re 8 08 B R7s oK. 721 4-2(a) B 4-2(1)
By, RAEERIE: 1ER] 4-2(b) 4-2(D)« 4-2(g)~ 4-2(0)Fl 4-2(p)Hh, AU FIHER 1)+
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EE 4-2(c)F(e)~ 4-2(h)s 4-2()F1 4-2(k)F, A ZEKEIRM . Falig sz, E4-23)
HH PR PR A 2R IR S5 4
#£4-1 EARFEpH T, BEE PPA BT ARILAIR AR+ CTAB #H

Table4-1 The aggregation number of micelles with increasing the PPA at different pH.

0:6 1:6 2:6 3:6 4:6 5:6

High pH 60 135 540 270 180 108
Middle pH 60 135 180 180 270 270
Low pH 60 77 77 77 90 90

I A A R A R IR, FRATTREASIE I b RESE I, PPA MR pH ¥
RE RS RERTEIEA CER F . AL, 24 PPA I CTAB [ Ef— &,
= pH XA pH X8l A7 R T BRI R R B . FRlde )72, 4 PPA FIl CTAB 11
el 4:6 B, 7E=Fh pH 20 TRAUATIRG I 22, FIgii, 2 lunE 4-2(e). K&
4-2()FE 4-2(0)fi7n, 5 Huang 55 NHWISZEG S 211 R 4 00 2 — B0 . b4k, B
I EEEE, 24 pH — el BRIR AR HIE 7 PPA F1 CTAB LB N 2:6 F 4:6 (XN X [H]
WL, I B R A R 2 B LU AN (R T 7= A 9k 3. B: T ARl PPA/CTAB LL A3
A pH %A4F, RHRIEHBEEI S RAEDN. X—HERIEF B, B2 Nask
AARAETE ? BRI A R, TR B ZAIBUR o AR
4.3.1.2 PPA TERRIRFE AR I R P 1 A 2

FEE 42 v, IERWT PPA I, A AR M BRI R R A b R, (A1
PPA i€ (EBR B AR 1) R rh P30 1 S A (0 (H 2 9t 4 PPA BENS 5 R BRI HE AL e ?
X HHEMREEAIRE, E5UAEN . BT PPA BERRIISEK, EERHEK pH
FAT, KBS RAEARFRE R0, BIAEAFEEH 1<-CO0™, ATRE 0 4~ (K pHD.
1A (fpH) B2 A (B pHD. %35/ PPA H SIS HIBI R IEREEREAS, I 2R A
S HEA PRSI R WE? S TRFST PPA B B Z5HIIEM, 55 SeHEBR<“-COO 1y HLME i 1)
s, K pH I, JE“-COO0™, MUkt XK pH 448 1 B 42 BT /0T, 4R
IV S AL I .

PPA 7 F1EIE HHH BIHEA 1% 50, 1% BE AT 1HEA# PPA TEBRRHL AR o i) fg R flt
TUEE. Bk, BATMEGEA BRI E S, SR TS CTAB Al PPA f1#&/M4H
YIRS AT R (RDFs)o A 7 HEHURA AT 1007 18, FRATT R 4-2(m) (1 — AN BRI
FONH. B 4-4(a) T JE7R T CTAB [I3k3E (QO) BT AR BE (C2) Bk T PPA 193k 3 (P3)
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R RIB K SC4 Bk JKEE B IR O IR A st 42 . 7EEIT 4-4(a)F, RATA
MERIL, BEESFOEBEREA, C2 BT, SC4 BT\ QO BT P3 Bk FIIfEM 0
ks fa HEgE . B, QO k11 P3 Bk 1 LA M4 B &+ Bl i), XKW
PPA [J2R7K I A CTAB HIR K B LT A AE R B[R] — 7K~ A B . A C2 Bk SC4
PR-T1) RDF W2k n] LUK I, CTAB [ /KH 70 A EL PPA [RBR K R3A 5 44 2 BN SR I i
GO 1) o S I X 23T HEAT AR B AL S, FRATHEN CTAB-PPA 7310 & — AN 1] 4-4(b)
BTN IR S5 40 o ARULI SO A At BLEE Jia S5 AU AR R B4, SRR pH
AR, CTAB-PPA 731X A HA ML S, 1K 4-4(c) M 4-4(d) 7373 JE 7 1 7E /& pH %A
AU pH 2641 T % BB 450 . 72 HAR MBI, SR, CTAB 1 PPA 475 HHALIHE
5, TEIXEIFRER.

K 4-4 PPAEREBEEZIETHENAR

Fig4-4 (a) The radial distribution functions g(r) of C2 (cyan line), SC4 (green line), P3 (orange line),

QO (red line), and water (black line) as a function of distance from micelle center of mass. (b) The
structure standing for the extracted three molecules from the rod-like micelle. (c) The partly
cross-sectional view in a system of molar ratio PPA/CTAB = 2:6 under high pH. (d) The partly
cross-sectional view in a system of molar ratio PPA/CTAB = 3:6 under middle pH.

T LLHE E 152, 1 CTAB-PPA 731X TR KT G Kt B R R T e 1
VKRR —BORYE, RIE TR B AT 5T DOl s S HERR S P R AT ik
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AHEN o I SR HER S P I AEP =Y, Hrp v ZoR BEEMBUK IR, 1o RomEiK

al,’
JEAE A KA K B a0 8 AN R T 1 750 1 T R L T Ak (T3 A T AR TS, SR i
FHERSH P<1/3 I, RIEVEMEFIGED B KRBT ML A: ZH 13<P<121f, &
HIBRIREZARI R T 12<P<<1 i, SHIEREORECE T, Kk, BRORREM
PRIR I TR 2 [B] )6 A8 ] OB I S HERR S8 P A SR gEAT Tl o S8 I % 1] 4-4 1) 43 iy
i, PPA 5 CTAB &JBRr T4, TABIRR . BT I Fpf AW aity, REAS
TR N PR B AR B S 2 3 K, I3 B0 S HERA S 4 P RS K, fi7e
P EA ] 1/3, T SRILERAR IR R FIHR IR R AR

SRTMT, SESEIFARAILL, [FIFEHSE PPA A5, AHELT & pH X A1 pH X 1)
AR (& 4-2(0) B FTR) KAVIRERERAR, E8 pH X3 CAnEl 4-2(DF(p) oir
) T, BCREORBIFRIRE R A2 AN R, A5 PPA Il CTAB LB 4:6 Al
5:6 BF, A ox AR R IERIR A . X PR L R AU : 1XF PPA 4 N CTAB 145
), SiFHE<-COO™ 4L, WHERISE P e mEIER /MY, HARESERERE
AR OGN R . L, #EFHIUE, PPA X FPE AN S5 A R A PPA F1 CTAB
P Sk 2 (4L B 30T P B Ak (RO
4.3.1.3 5 HL 57 A AE BB AR R o ) A £

H T PPA 73 F#EAN A pH 24 T A EAE M HARES, B CTAB A & ket 247 iE
HifF), Rk, PPA A CTAB Z[AIfF /R R TR 51 R ERFR AR 7 — 3R . B R,
Xt EEAEAR pH 2644 N AE BRI B HR IR (& 4-2()2l(p)Fras ), fE s pH X5
A pH X3 (WE 4-2(0) 2D, B2 PPA kI 4304 a7 FR R, BEfS
WS B SRR IR AR . BT LA, JRATHE TSRk d@ad 70 A CTAB JIRAR A [l 4 iy ) 5 H
AL, RIRIT CTAB FI PPA Z[A] )i F A FH R BRAR 2 A TR 5 01

WRFEAI>T5 CTAB 13k QO [AIFIEEES /N T 0.70m, AT XA 104
WRHTERR R b, BB R — 37 o ARFEIGE S, FRATTAT LAGT T H BB % I B 72 15 B
8Pty BRSO H B S oK H o B )3 e A B H R AR 4-5. 18] 4-5 T
HfEos 7 AEANE pH N, BEAE PPA ZH G0, R A i i B0 H AR 2. 7EAIG
pH 5FF R, 1 i A I B IR 2R FREEAI N AR E IRIRES . K& 400 N EAALIIE LA, 7E
Bl T B it bt o SR, 7EF pH 2 (ALEHIZR) R pH % 4F (REML T,
B PPA HCH BB N, JRA A 49 s far 5 H BT/ . 24 PPA A CTAB I EEBIAE 5:6
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i, 0 opH B, IRAREEARTT 140 DAL IE AT, = pH I, HEEARAN 150 AN HLA
BT . 75 EAF A48 &, 7F PPA Al CTAB [IELHIN 3:6 I, 7 pHOIRZES FEBEAMK T
Sk, BEARANHTH

S 400 i

=

£

=]

Z 200}
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=1]
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=

I | S e i, S et

@) —=— High pH (>5.4)

: t  —e— Middle pH (2.9-5.4)
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Bl 4-5 FEAR pH &4 FBEE PPA I3 N R A Bl 1 A i 4 B
Fig4-5 The net charge number around the micelles with the increasing of PPA under different pH.
We define that one molecule bound to the micelle if the distance between the molecule and head
group (QO) of CTAB is shorter than a cutoff (0.7nm).

FEAR pH 2505 N, I FrNAK PPA 73 7 AN AR HLAT, Jir A CTAB i Hi Sk 2 [A]
IR L HE ST A T AR AR 28 AFAE (R o TP Sk B 8] (i R e VR I BEAS T BRI JEOR K3t — 20
HERKR. Bk, 7EMK pH X3, W 4-20)2(p)FiR, RERGER—MIREE” . 2R
M, i) PPA #5INR R, BT PPA A G A ALAT, REWS SR CTAB k2 [f]
I L HE R o CTAB Sk (8] HEF1F gt ik m £ 2 W7 e . — 5, 4
BUEPI AR 8], B RS MECR AR B, i DA/ AR B 18] (A EL AR 2=
kg, DA RENS et N AR Z MR 3 — 5, PRBUAE AN B R, TSk 2R A Y
HERRAE RIS, EFR—ER T, CTAB HSkFE A8 /)N, PRI BN 2 i 7 £ R
RIEATE) AT a0 Blh, RIEIRFHERSE P AN, a ll/Ne, KSR —E
K PAE, MRS EKIEIRIR R E5 1 . AHEL PPA AN HLEPIRES (K pH X380, 1E
H pH Flisr pH I, #RIRIRHRER 53k . BRI, i i e micrE F 2 JF o B2 0 — A5
K=

(B2, AMADIRARE ST G f bF dcE AR ER R AR TR K52 . 15 55, #E pH
AN, FEE 4-5 R, L A H AN, IF BN R B B H 2+ 140,
BUFE PPA 1 CTAB HILLBIDN 5:6 BTG DL A, USRS Rt v B e P X B b e 42
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g, S me KRB L AR B9 Ry 5:6 FOmIs, (RS b, SRR R H I
£ PPA 5 CTAB HIELAE A 4:6 B, Wil 4-2() Tz~ . 2K, 785 pH X1k, 24 PPA f1 CTAB
FIELE A 3:6 BF, BN LFAGR A B, (R IR EN HILTE T LBy 2:6 1)
5, B 4-2(c) . BA)TEDEL, ROARBE IR F 2 AR T RO B, Brbl i
KH RN HBLAE PPA/CTAB 4 5:6 (1 pH, K 4-2(k)) 1 3:6 (7 pH, K 4-2(d))
I, SERTZEARIE pH 2600, R A B Al (i e B0 H b . AESE IR, oK
KER R A 2 3 HILE T 4:6 (fpHD 1 2:6 (/& pHD Ko IXSREA, BT B il
EHILLE, WEf BRI R R R AR by T HEE A,
4.3.1.4 AR BHAEBR R AR R R 1) A £

1E 4.3.1.2 /N5, BATKILT PPA 43T 724d N3] CTAB Bi/K BHE 1, 11Kl 4-4(b)
Fizs e & T IXFRER I N NG5, BESS PPA 2 FEMIIEIN, CTAB 2 F1EHR AR H 1)
I A AR a0 1 sE SAEIRRIREE BB, 7E 43.1.3 /N, FATCE K,
MHTHLE) PPA 3 FRESING, CTAB SkE:IIFIH s HE R 1R REW 4 A Rt bRk, BT LA
CTAB [k B[ EE 220k, AT — DTN a0, MITTSCEHERA S 4 P HOME, SEIEREE
Ao BRI, FREVERMSE, fE PPA MUIXFHEANRLE T, B PPA SERx @A T-AHAR)
CTAB X [f], 41k CTAB Z [AIf77E%E K& PPA 401, BT PPA H & 1= (B FHAEFH
T REAE K CTAB ISk R A]EE, FE—ANTE KM ao. A T 90 iE 2 AL FHAE A O AEAE, 5
TR, IRATLAE pH & AFI I — RIVESE LTS 6], IR T CTAB 455K
JHE QO Z A AR Z3 A B A, SREGUEFRATTIK AL

4-6 &7~ T CTAB 255 /K Sk E: QO Z [A) (4% ) 4341 BR KR, A 17 Sl 1 SE I b
FRATHG b (R i s WA AT T BOK, VR 4-6 . R PPA S FEAR, R
ANAIH PPA AT CTAB R& LB, (HAZ BT THOL T H QO kA i) RDF i Z&#(4 45 P4 B
IR, ELP NI I A B e A A [F) 1, 43 J3UHE 0.54nm 1 0.92nm 4b o A [F 2
TAIESL T RDF M2 im s (AR, 45 RRE, WeAB T % MR BN T
RUGE I IVL Vo DL VI Lo 4200 70 A7 B AL g(reo-qo) W AR 8y, 2R BHAEAR A ) BE
BYEEAN, HILRkEE QO MBI H Atk , Xl MRAETER SRR, HA RIS
P A AR 2R, B ao B/ o AR I SRS, TERXPMENL R, Mk
(EL NI

FEVE 4-6 1, T ASCVE FI A 2 (AL AL BELAE T ao (ISR ABE I e I o B (23, %
LB F AP 2 R T3R8 — AT/ ao fE 1. AR, 22 BHVE & 53 ao 1

31



SEPUE pH Wi B IS PET AR R it

K. PSR —BKRIEZE. B, ATAA, 2 PPA IELE/DE, EYIAR B
it FL O A A FH A2 R BR AR AR 1 2 22 K] 3%, 7 PPA A CTAB 9 E 5] 7 7913 21 2:6 i pHD
46 (K pH) ZHT, BRI R BE R AR IZWIG K1 o 3K P AR 50T A 3E [ PR Ry 250k
J2 B FEL AT A IE FLRT (1) LU AL TS & #BTE 4:6 BF o 24 PPA I H MEGXAME, 52 205 7 1) 51
fif 51 R ER EHE R RIS B PPA [ SISEMATS, PPA IS [MAEBEAVE I IR R I, X 53K
J A A B SCZ M N o

r (nm)

&l 4-6 i pH %M T CTAB 14 #8 Q0 kR i) RDF %%

Figd-6 The RDFs between total head group (QO0) of CTAB in high pH solutions. | (black line)
represents CTAB system without PPA. 11 (red line), 111 (blue line), IV (pink line), V (green line) to VI
(purple line) are on behalf of these six mixed system: 1:6, 2:6, 3:6, 4:6, 5:6 at high pH, respectively.
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Fig4-7 (a) The evolution of the number of clusters during the simulations. (b) The evolution of the
max cluster size during the simulations.
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Fig4-8 The shape transformation under alternately changing pH.
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Figh-1 The building process of initial models. (a) the pre-assembled oil drop; (b) the initial model of
two pre-assembled O/W emulsion.
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Fig5-3 The differences of phase diagram among three pH states. The intersection region of three
lines was selected as the pH-responsive designing region.
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Fig5-4 The snapshots of pH-induced demulsification processes at different times.
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Fig5-5 The radial distribution functions g(r) of different beads of molecules in single emulsion
under three pH states as a function of distance from oil drop center of mass: (a) high pH (b) middle
pH (c) low pH. (d) The relative location of PPA and CTAB in single emulsion under different pH
states, respectively.
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Fig5-6 The molecule numbers around the single emulsion under different pH (CTAB=180, PPA=90).

Red, dark red and green bar graphs represent the change of number at the high, middle, and low pH,
respectively.
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A . BRI, 7K pH 264 N RFLIROZ ZL LA pH Al pH B BEINAS e 1. Bk, FLIR
IR L HE R AR FAE pH B SO R b, PHE T B X EEMA A,

(a) (b) The change of film under three pH states

[ High pH | Middle pH | Low pH
AR/nm 0.8 0.78 0.72

N/nm3 0.763 0.769 0.839

Bl 57 FLIRMBAISE M 2 B R I 22 4L
Figs-7 (@) The schematic representation of one emulsion. (b) The change of film under three pH
states.

FEE] 5-5 s FUIRTRE A EAT A OIS e, RATVANE, RS 177 CTAB A1 PPA 7
T BERAMFERSE, NRE— 2R, WE 5-7(@FR. BRAE, Hntbhaxtil
PR AREE M2 — € IS, ARG pH R AEAALS , R A A AL e 2 &
T ST 5 TR (AR, WK 5-7(b). 7Efm pH 1, HE/EEY 0.80 nm; 7 H
pH B, RN 0.78 nm; 7RI pH B, HEEJEAE N 0.72 nm. R, 7E/ pH I,
JERE R R TR b R LA R, B A2 R R 5-6 4R 2 )R
WV PPA 7 REZES, R AAARR N R EE TER T 8OH . W& 5-7(b)
Pz, AR IR TE A, W75, BAEREERN. f£&5. T K
pH T, 2 TZEH4 0763, 0.769 1 0.839. X LAFH, 7 pH Airf pH X, #
T B P 3 R RARAH A 1, TIAEAR pH I, 2073 LB LU AT AR il T F B ) £
£, PrAERSEAIRHAE T, REWS BELAS P9 AN i 2 1) e A i, AT 3 e FLAARIR I A g 1k
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ZIRIPIRES, ()BT B/ 25 FPIRES

K 5-8 AHE pH TIREBHIFRE

Fig5-8 The stability of emulsions under different pH condition. Group A: the emulsions consisting

only CTAB solution and octane. The emulsion from Group B, Group C and Group D include
CTAB/PPA solution and octane, but the pH values of solution are different: pH =7 (Group B), pH =4
(Group C) and pH =1 (Group D). (a), (b) and (c) represent mixture surfactant solutions before
homogenization, after homogenization and after standing two hours.
N 5-8 o, ZiAT PPA A BIRRIENE TEFIR R R, RERAT CTAB 1E v FLAG
if, 7E Group A 1, KEIIFALTE A FLIRIE (Group A(b)) F#E, BERIIFUG KA 735
MR, THE 42 e rmt e B A] 58 2528l K93 2 (Group A(c)). FHAIHL, 7E Group B
1 Group C H, #IIAT 0.10 g ) PPA BEAFLIRBA R, (HAZS 4L T pH=7 Al pH=4
FPRZETS, XA MFEIRE AR T BT . P Z A 2 53 5 EAR A 5¢ it K 73
RIS RIAE, fER pH 24F N, MUXFEEE 4 28, siaTblsgen &, B4EF pH
FAEN, SR BT 50 o Ph. SR, fE pH=1 I, RIMK pHOIRZS, R K
HIFLIRIB (Group D(b)) ##E 2 /NiFJE, IRGRRFFVIRBIPIRZS, IFBRA KM BAT
Mo RLX PUMRT HESCES, AXERIL, PPA RN SE 20 FUR IR KRS E P77 A2 52,
FERARI pH 2646 F, FAFMFLRIBCEE AR E . RFERISLIREE R, SIAVEATHIILIASS
RgE e 8. B pH XMFUIRBIRE EA 2w, 4B R pH e ezl
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AL FEE 7 BATHE EHEAT T — I R IE

B 5-9 pH IRZEKAMMBIL

Figh-9 The changes of emulsions consisting of octane/aqueous surfactant solutions (PPA and CTAB)

via alternating pH values. (a) Mixture of octane and surfactant solutions at pH =1 before
homogenization, (b) stable emulsions after homogenization and standing, and (c) macroscopic
demulsification when the pH values of the emulsion shown in (b) was transferred to 7. (d) The
restored emulsion through adjusting to pH =1 again.
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