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Stability of Pickering emulsion based on polymer particles

Tan Jialin (Materials Engineering)

Directed by Prof. Zhang Jun

Abstract

Pickering emulsion is characterized by low amount of emulsifier, low toxicity and high
stability, so it has great potential application value in papermaking, medicine, cosmetics,
materials and sewage treatment. Polymer particle emulsifiers are favored by scientists due to
their diverse types, easy to control structure, adjustable hydrophilic and hydrophobic
properties, higher emulsification performance and environmental responsiveness. At present,
most polymer particles reported in the literature are prepared by emulsion polymerization,
precipitation polymerization and self-assembly of polymer in selective solvent. However,
particle size and morphology prepared by emulsion polymerization and precipitation
polymerization are relatively simple, the preparation process of self-assembly method is
complex, post-treatment is difficult, and the concentration of dispersion solution is low.
Polymerization induced self - assembly is a new method to prepare polymer nanomaterials.
And it has obvious advantages, for example, one-pot preparation, simple operation, high solid
content, especially in polymer particle size control.

Therefore, in this paper, polymer nanoparticles with different particle sizes and
hydrophilicity were prepared by polymerization induced self-assembly method and used as
particle emulsifier to study the influence of the addition of crosslinking agents, particle
concentration, particle size and hydrophilicity on the emulsification performance. We hope
that by exploring simple and fast preparation methods of polymer particle emulsifier, and the
influencing factors of stable polymer particle emulsifier Pickering emulsion, so as to further
improve the emulsification mechanism of polymer particle emulsifier and provide guidance
for the preparation of Pickering emulsion.

First of all, we prepared macromolecular chain transfer agents mPEG-DMP by RAFT
polymerization, amphiphilic polymer nanoparticles PEG-b-PHPMA by polymerization -

induced self — assembly. And the polymer nanoparticles were characterized by nuclear



magnetic resonance hydrogen spectroscopy(H! NMR), nano-laser particle size meter(DLS)
and transmission electron microscope (TEM) . The results showed that the polymer
nanoparticles with different sizes of PEG-b-PHPMA were obtained by adjusting the
concentration and feeding proportion of the reaction system, and the polymer particles with
weaker hydrophilicity PGMA-b-PHPMA were obtained by changing the macromolecular
chain transfer agent.

Then, The resulting polymer particles were used as emulsifiers to prepare Pickering
emulsion, and the emulsion was characterized by optical microscope, interfacial tensiometer
and uv-vis spectrophotometer. The results show that: 1) The formation of crosslinking
structure is a necessary condition for preventing polymer particles from being dispersed into
polymer chains in high shear to the successful configuration of Pickering emulsion; 2)
Increasing the concentration of polymer particles can make the distribution of emulsion
particles more uniform and smaller; 3) Compared with the large-particle emulsifier, the
small-particle emulsifier has lower interfacial tension, can move to the oil-water interface
more quickly and has higher adsorption efficiency, so that when used as the emulsifier, the
emulsion particles obtained are smaller and more stable; 4) Compared with PEG-b-PHPMA
particles, the weak hydrophilic PGMA-b-PHPMA particles have lower interfacial tension,
faster movement to the oil-water interface, higher adsorption efficiency, smaller latex particles
and better emulsion stability; 5) In the experiment of ibuprofen release, the release rate can be
effectively adjusted by changing the pH of the system, and the release rate of Pickering
emulsion is slower than that of pure oil phase, indicating that particles adsorbed at the
oil-water interface play a certain blocking effect.

Key words: Pickering emulsion, Polymer particles, Polymerization Induced Self-Assembly,

Adsorption efficiency, Emulsification efficiency
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Fig.1-6 Schematic diagram of pH-responsive cross-link micelle as particle emulsifier to induce
emulsification and demulsification!®!
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Fig.1-7 Schematic diagram of preparation of multiple emulsions with vermicular polymer
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Fig.1-8 Schematic diagram of influence of polymer particle emulsifier morphology on emulsion(72
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Fig.1-10 Schematic diagram of transparent emulsion prepared by polymer particle emulsifier(s!
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Fig.1-14 Schematic diagram of polymerization induced self-assembly process!®
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Fig.1-15 Schematic diagram of temperature responsive lamellar particles prepared by
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Pickering FLit K H BA AMFHEME. FFHAG. FBoethmSsr s, K& at. 2
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Yoo S PRV K AL BRAE DT AR 3 T Tz o, B RSN A E . A
XF T B AT TR A WU A AR IBRL,  SEE PR LA R R 2 FE,
iR oy THEM, SREUKIMERT I, e AetkRe, PR, E2 H RS VBRI
&7 AT B AP IRES, SN, I HIE R E SIS ERE A E, R LR
T ERAVIBURLLE Pickering FLIRH I — DN . Bk, BRZE MR REE MRS VBURL
LA T £ 720 T 2R A D RTORL LA R — 25 B R e B EE 3L

REHT AU TNER IR K AR I — i % R A WAKAMRIF 772 B
2006 4Fi, Pan 45 NIEILE T F AR IR A TR IR B I 70 b i) 25 SR PR IR BOIR SR Y, RIS
ROHMAEER TER. &, TASES, MRS TRAFETAAEX MBS, EET
KB+ U HL, S.PArmes, SKEATE, 2P ISR X — 7l TR
SRS AR . I HIR G753 B 4207 10 HAT ) 4% 77 057 8 L T3 R 42 8 0 0
R RSH AT TR A, A X 4 77V 15 T LU Tl %% Pickering
TR SR W RIORE LA 70 AR v Lt — 20 S RT R e ?

ETFU, RCRHEEGES BN TG RS WK BRAE 7L 6 &
Pickering FLI, FFCAAKIBURL ST L I B DA R RIORE FR) 516 7 1 588 55 48 8] 3 0 FLIR I e RO 52
Wi, AR EE Pickering FLIR B PRI 2, 9l 4% s Pickering FLAL ISR fiE—
LLfif i
(1) FRARTRLFLA 1 ) 2%

KRGS BHEER & T PR R G WK BUR 5 £ —Rg-b- 58 H L U A 1R 72
PiliE (PEG-b-PHPMA), i idh {75 s N4 & B B2 . BOREEG 1145 21 BoA A [ RSHIY
PEG-b-PHPMA Z&5 AN AKM0KL , 3885 e 38 K43 1 B e R4S B A Sk MESE 95 I 2R CHF
TR PRIRER) -b- KRN IGIRE AR (PGMA-b-PHPMA) &Mk FF|H
BHEFLIRETE (HENMR) . 9KBOGRLEEAL (DLS) FIZE S i i (TEM) S53RAE
FBOG BT 11 23R S A K BRI A T R AL
(2) PEG-b-PHPMA ZE&VIRURLAS € LR AR E PERT 7T

PL (L) Fl 4% (0 B RFER S PEG-b-PHPMA 584 Wk Jy B0k 3L 4k 771 e B
Pickering FLifi, @I IR KN FLHITK S1. WP AR SRR AR . Bk
WP L R R~ IR 30T FLIBURR e T B
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BoE e

(3) JOURLSE 7K P 5 55 0 LB R 8 T 7

PL (D il B AR SR K 35519 PEG-b-PHPMA #1 PGMA-b-PHPMA &
PR R AL AGTRIEC B Pickering PR, RIS FUBKIR/N . FHITR J) . WRPH AR R
TP SRR 3% 7K M 58 5 56 7L R et o T PR S0
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F_E BEYMNABRNATE
21 3|5

R EWBRFAL I T R ELAE Pickering FLEILH B RKIN AT, [k
BT B R ) % 7 VE— B RPFEF I LR AL LS, A MARIURL (1 1) 4% 7 1 &
LARFBAMRES . TUERE . WRBAREULREG RS AHEES. i, R615ES
HH B R PR PR RS ik, BURRIRINETR, REVI, Fra iR R
WRIE T, IR, BEERERMNWBT, BEMNEEEEI S, HT
RETWTEE R VA e, JUREB 2 B R SRR B R AR FREEE R R e 3R
BIVINRR IR EOR, SR REE G I B e — BT, AT B L)t — 2
R, BB RAUEETATEE , whos K AR A ] ) S BE A P AL 38 T2 il o5 P R 2 TSR I 4 K
Mok B, AHLE T AT LR R S Ak B i & 07k, REHS BAR AR
AHAERE, BT E . FOP PR & BRSNS, BRRERGMRA, BEFES
[ 2H 6 T VAR R I PO ARR (14 R e e — b 4% 52 W H IR

PRl 5 n] DL I SR A5 5 B I & O 2%, 0 58 AL R FoTa e . eIk
FURI B %, A4 R Pickering FLAL TSR 3T 1 B 2% .

fFEARFES, PLHPMA ARG K, mPEG-DMP N k4 P BFIEE REHTH
HEITVEM % R O IR NG IRFL Il (PEG-b-PHPMA) S WAk, B
JEE I AR R RE L R A A DR 3R A A AT AN IR RS B SRS A oKk, i 2R
Koy FHREF 2718 PGMA il % A A FSE/KYER PGMA-b-PHPMA ZE& W4 KBk,
Heit— Pl @S AR A . Bh AU FE S AR S0 IR S A TR T 35
AT RAIE

2.2 SCIGERY

2.2.1 SEIGHmMINEE

ST 5 24 W3R 2-1:
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BE REWAKBRL I ] &

F2-1 SERFTHZM

Table2-1 List of experimental materials

2yl K S CRIIE

T A 98% [ 254 e 2l A IR A =
=M AL S A B 99.8% BERIALE A IR A7

AR et [ 24 Bk 2 R A R A 7

R et R T AR IR A F

WRERLIR et EpE ST A wilE S ) A

(- Pe 98% BTz T A A BR A 7]

INER ik gl K RbE B AL 2 G A R A 7
RO ZEE (Mws000) srifrat 2 7 AL ST TR
FE S PR 1 e A et 2 7 AL ST TR

2,2-f R 5 T Rk — Eh R et 2 7 A ST TR

I A R T et BTz T A A BR A 7]

SE6 P 5 A A% WA 2-2:
K22 SKRPTAGE

Table2-2 List of experimental instruments

BEE S LIRS G
Jig e 78 RAX RE-52AA ¥ SRAX S H R A
TR IR LA SHz-1II g T BT PR A
FLETRAE DZX-2 (6050B) AR SEIR B A A PR A ]
OB AR IR SZCL-1 FiE TR AR A
PR TR FD-1 Ab Rt KA R R A IR A
AAKBOCHLFZAL Nano S90 e T R SO PR A 7
WM SRS AX AVANCE III 78[5 Bruke A 7
Wy R E S H - R JEM-2100F H A< B Pkt et
EEIRB T TDA 302 e [ T AR SOA A B N F

SCIGAPRIBAL B BE 5 T (AIBN) 1E LR s 45 =, BT UK P A7
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“RHEE (CHCl) AT e KOH TP R, SRJ5 48 CaHy mlyitja 28 ks, Witk
JaEE A WK (THF) iAo S A AL TR %, F FH B9/ — 2 H I [
B OJRAREREL WREEH SN PRGN (HPMA) 208k 25185,
WSEE B ] 2- e ik g AL i -2- AL PR (DMP) #2IROCHOT IR B G TR %%
N ffAEs HeErmBIRaAE, BERREH.

2222t iR EEE-2-FERERSEITIZERSER (Z28) (MPEG-DMP)
A& R

# DMP (0.8 g, 4.4 mmol) JAEMRAE 25 mL T451) CHoClo, ARJGTE N2 B R T,
K EBEA (0.310 mL, 3.56 mmol) ZHAS KIS ZAE R b, RN —BIEE, fETkR
2% CH2Clp R 5 1 R S o 45 21 1 ] 4% =BT B 31 15 mL () CH2Cl W, 2 5 mPEG
(5.09, 1 mmobl) & T7£ 10 mL CHoClo A RIZAE £ o 1R BIE AR =360 T ik
24 /NI, RGRSETES B CBERUTTE, TS R B A A .
HSCHMSES%OH %chﬁh’s‘gsgu o H3CHIES\IS]'S7€LO/\'(O\AP/

24h, RT

2-1 KRATFEH-RH) mPEG-DMP &M A TR

Fig.2-1 Reaction equation of macromolecular chain transfer agent mMPEG-DMP
2.2.3 PEG-b-PHPMA B&IKBRIAH] &

10 mL A&t RN —E &1 HPMA, mPEG-DMP, V-50 #15gH,0 (.3
2-3) . REEALWAR GG, WET, WHMAE, TR ER-hE R ERIE 3k, Kk
RE T 50°C TN 8he BEEMALIKIPLARBL, FIET CBEITIE 4 AR SN )
AR, =i N RS TRES &L

OH
0 /’kn‘o‘/\ s g&# ‘%%
0 2N

iyt — e I et = T
w V-50, 323.15K g 070 Lk T
W g,

10 &

mPEG-DMP HPMA PEG-b-PHPMA

& 2-2 BBEEY PEG-b-PHPMA KRG ER
Fig.2-2 Reaction equation of block polymer PEG-b-PHPMA
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R 2-3 RMNYIEHHE

Table2-3 List of reactant amount

R BoRL L] HPMA (mL) mPEG-DMP (mg) V-50 (mg)
5 Wt% 100:1 0.165 70.9 1.20
5 Wt% 120:1 0.170 61.8 1.05
5 wt% 140:1 0.175 54.8 0.931
5 wt% 160:1 0.180 49.2 0.840
5 wt% 180:1 0.185 44.6 0.762
10 wt% 100:1 0.345 149.4 2.54
10 wit% 120:1 0.36 130.2 2.22
10 Wt% 140:1 0.375 115.4 1.9
10 wit% 160:1 0.385 103.7 1.75
10 wt% 180:1 0.39 94.2 1.6

224 B (HhERERGEL) (PGMA-DMP) &K

10 mL BEEJ, YA GMA (2.0 g, 12.49 mmol) , DMP (0.092 g, 0.25 mmol) ,
AIBN (8.0 mg, 0.049 mmol) , EtOH (5 mL) . B&EELWMEAEG, WES, Hl
R, TEA UR-fh - RERE 3 IR, MR RE T 80C B 5 hoe RAEEMAA KT
bR, PR OB TIE 23 AR RS AR, SR T LS T RS B B & )

(0]
OH 10 \n/
/)\WOWOH > > «P‘)f’\%
(6] AIBN, 353.15K ‘g

HO

GMA DMP PGMA-DMP

B 2-3 K-TEHBH PGMA-DMP KRR TR

Fig.2-3 Reaction equation of macromolecular chain transfer agent mMPGMA-DMP
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2.2.5 PGMA-b-PHPMA B &44hK Bk 1Y% %

10 mL BE&EH, MmN PGMA (91.68 mg, 1.22 mmol) , HPMA (0.176 g, 0.122
mol) , V-50 (2.3 mg, 0.244 mmol) , H.0 (5mL) . RAEAMEL GG, A=,
PR, TEIRA VRS- E 3 I, R REBE T 50C TR 7 he REEMAL
KL, PRV CTRITTE Z 4R SN I AR, IR B TR AR B B 2 ) .

i om g — % o T OH
0, V-50, 323.15K i om/=onm
, 323. 0
o o
HO
‘g HO"{HO
HO
HO
PGMA-DMP HPMA PGMA-b-PHPMA

B 2-4 BBERAEY PGMA-b-PHPMA 1 B 5 R

Fig.2-4 Reaction equation of block polymer PGMA-b-PHPMA
2.3 RIEFRE

(1) 'HNMR
TH NMR it A2 58 i B 1) 4575 21 i) PEG-DMP Al PEG-b-PHPMA % 5 mg /& 47 & i T
0.5 mL A&, E£H1£5 31 PGMA-DMP #l PGMA-b-PHPMA % 5 mg /45 15 1i#
T 0.5 mL /74X DMSO 1, 7£ 400 MHz f¥) Bruker Ascend TM 400 St 1A% 1 H 458 .
(2) BANEHUN (DLS)
YR A 7S B AR R R AP IR 5 SRR 2] — e f2 8, HIECE 4mw,
633 nm He-Ne BO'G#3A1 173 S A )t H AR PRI 28 1) Malver Zetasizer Nano-ZS {34
K7 BEATBIACHUR (DLS) &
(3) BB A
it & PEG-b-PHPMA #1 PGMA-b-PHPMA VU Sk 1mg/mL, &5 1%
IR S FEM T2

Gl
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2.4 ZER5VS
2.4.1 PEG-b-PHPMA R &4 5 Bk SR F=AE

(1 REMREHIRAL

Chemical Shift ( ppm)

2-5 mMPEG-DMP # PEG-b-PHPMA HIA%REE &
Fig.2-5 The 'H NMR of mPEG-DMP and PEG-b-PHPMA

FRE IR 1) mPEG-DMP ] *H NMR i B #r il 15, 6= 0.82 ppm (a) [HRHIEIE R T
o & &, 8= 1.28 ppm (b) AbHFFAEIE)E T- (CH2) 10- 1 HFEHIE, 8=1.70 ppm (d)
J&F-C (CHs) »-f&, 8=3.25 ppm (c) A1 §=3.38 ppm (g) 43 %J& T-CH,S-F1-OCH;s
FHIE, §=3.42-3.91 ppm () J&TF- (O CH2CH2) n-ib4, 8=4.25 (e) J&T-COOCH,-
5. FA1iEE 0.82 ppm (a) il 3.42-3.91 ppm () AL R AR 43 HUAE 115 mPEG-DMP
H 3 3im 3% 0 100%

R4 PEG-b-PHPMA ] *H NMR % & AT %1, 6=3.97-4.11 ppm (1) 2&J&F —CH (OH)
CH3 &, 6=3.77-3.97 ppm (j) J&TF-CH.CH (OH) CHs IV HJE F4(, §=3.52-3.74 ppm

(f) J&TF- (OCHCH2) 112- EA, 6=1.85-2.13 ppm (i) J&F F4%-CH,-CCH;3 (COO0-) -

A, §=1.20-1.29 ppm (h) #&-CH (OH) CHs &, i 1.85-2.13 pp (i) #13.52-3.74

ppm (f) ALHJIE IR LTS HPMA I3 85%.
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(2) REVIRURLI L SR AL

a b

HPMA:PEG=180: 1 HPMA:PEG=180: 1
HPMA:PEG=160: 1 /\ HPMA:PEG=160: 1
HPMA:PEG=140: 1 /\ HPMA:PEG=140: 1

HPMA:PEG=120 : 1/\ HPMA:PEG=120: 1 /\
HPMA:PEG=100 : 1,/\ HPMA:PEG=100: 1 /L

1 10 100 1000 1 0 100 1000
Diameter/nm Diameter/nm
™~
Ce o d . »

» . . ‘

K]
§ » . “le
7. " .
. - ° '~* * »
i . . - b
200 nm : 1 pm .

2-6 AFEWE TERRZBE BB LRI (a5 Wi%IREE, bR 10 wi%edREE) AR FB
LA/ TEM BBA (e o4 80 nm B0kE, d >4 680 nm kD)

Fig.2-6 The changes of particle size with proportion of block at different concentrations (a = 5 wt%
concentration, b = 10 wt% concentration) and TEM photos of different particle sizes (¢ = 80 nm
particle, d = 680 nm particle)

M 2-6 HRTLUE Y, B PEG-DMP K THEF A7, HPMA Dy |k, {£50°CF
HTREHETEAR, HIKEN 5 wiwlf, F§%E HPMA:PEG-DMP ELfi A 100:1-180:1,
FURLA /N A\ 80 nm 3N E 400 nm; 49K JZ0N 10 wioel, [ LB A 100:1-180:1, HK&
PIRITRL R /N AL 680 nm 4 1% 1100 nm.

WS R, REiET BRI AR SRR R RSP arfation, B5 e A
AR HEALAR, AR5 = TR seia b, DA 195 S VIR0R Rk 2L, BC & Pickering
FLA, WEFCACHREE R ORI /IN R B =N DR 306 SR W ks L AL 75 LA P e ) s
BRI, B H 7> 04 5 wi% M 10 wt% ik JE T & E 4N 80 nm Al 680 nm

PEG112-b-PHPMAgs U 4y AL I EREAT XS b, LB 5 Hh i) ¢ A d EIFTLAE HY, AR
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BRI A ER TSR
2.4.2 PGMA-b-PHPMA &4 5 Bni fi2 3R F=AE

(1 REMREHIRAL

( b,b’,a)

S

5 4 3 2
Chemical Shift ( ppm)

2-7  PGMA-DMP il PGMA-b-PHPMA [ R
Fig.2-7 The 'H NMR of PGMA-DMP and PGMA-b-PHPMA
R iR ) PGMA-DMP ) 'H NMR 3 B4 HTaT 18, 6= 1.13-1.27 ppm (&) HIRHE

W J& T- (CHp) n-WHREA, 6= 0.46-1.01 ppm (b) AbFFIE)E T - (CH3) m-FUA,
8=1.56-2.15 ppm (¢) J&T- (CCH2) m-fJ&, 6=3.83-4.14 ppm (d) F11 §=3.60-3.81 ppm

(e) 4r5JEF- (OCH.CH (OH)) m-Fl1- (CH2CH (OH)) m- EHIA, §=3.36-3.61 ppm

(f) J&T- (CH (OH) CH20H) m-AbE . FATiEIE 6= 0.46-1.01 ppm (b) £ 1.13-1.27 ppm

(a) AL RS EAE T Y PGMA RIEE1L3 N 90 %, AN 45.

R4 PGMA-b-PHPMA ] *H NMR % 7] 41, 6=0.47-1.02 ppm (a,b,b” ) HIRHIEIEE &
T PGMA £ [ff]- (CH3) m-FIE A PHPMA 55 L ff)- (CH3) n-Z LA S~ (CH2) 11-VF FHJE
P&, 8=1.02-1.21 ppm (D) J&7T PHPMA %% L1f)- (CH (OH) CH3) n E&(, 6=1.57-2.20
ppm (c,c’) KL JE T PGMA 8 {1 F- (CCH) m-I1ZE A1 PHPMA %% L[] F- (CCHy)
A, 8=3.74-3.97 ppm (ke f) FiElEJE T PGMA # - (CH (OH) CH20H) m-Fil-
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(CH2CH (OHY) m-HIE LA S PHPMA % E1f]- (CHOH (CH) 3) oY%, 6=4.50-4.95 ppm
(d,j) PGMA % LfJ- (OCH2CH (OH)) m-f{J&A1 PHPMA 5% L [f)- (CH2CHOH) o-if
A it 6=1.57-2.20 ppm (c,c’) HFAEIEAT 6=4.50-4.95 ppm (d,j) AL AR 53 ELAE
HH HPMA 3463y 90%.
(2) A YRR Y3 RAL

e 4
a b » L
»
! ® .
2
PGMA-5-PHPMA * « &
L * . .-
.’ - ®
3 )
.
PEG-5-PHPMA ' *a
» *e
1 10 100 1000 *T & . 2-®
Diameter/nm 20‘(rnm A0 A

& 2-8 PGMA-b-PHPMA & WIFHRIRAE KF TEM A
Fig.2-8 PGMA-b-PHPMA polymer particle size and TEM photos
TSR, FATIFFR G YRRLRK RS %T Pickering FLyBH € (52 m,
N L FR AW K o T 8 ¥ 8 71) mPEG-DMP 4t /% PGMA-DMP, UL HPMA >y i,
HPMA:PGMA-DMP=100:1, 7£50 CN#TREH FHHL, WK 2-8 A LIEH, 17
3| 1 F1 PEGu12-b-PHPMAgs FL A7 AH [F] K/ AH [EE SR 52 /K PEAN R 1 80 nm I ERTEZ SR o

2.5 IhNgg

AT LAMPEG-DMP KA FHER R, LAHPMANBAR, FIF R &S B 430007
VI YR AR R IR BRI % T — R B A AR RS (80 nm-1000 nm) [
PEG-b-PHPMAR G MAUKTIRL, 33— 08Il W Ko TR F2 T IPGMAT & T Bf
AR K PEHIPGMA-b-PHPMA SR SV KRk, JERIH &% Hi. DLS. BERZIE ik
SERAE )7 2o F M ABUR AT T 3RAE . SRIRIEN, RAHS A AL 7 R R A B
JUSF T LT R
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=% PEG-b-PHPMA K& WHikifa5E Pickering FLR FFR 2 HEF T

=5 PEG-b-PHPMA B & ¥ F2 € Pickering FLi& VA E M

'/\
2N
3.1 5|8

RURLFLALTR AL FLR IR ey — AR M 0 S, AP SR A ) (K TEH UBORE e
B4 B S BRI AT ZE S VIR S, (BRI FE RN R T R . IR, BEE YK
FHEIR . JREPIRRLFL A A ARy AR S5 51 1 KA R AT o, MIX T8
PFUBTRLFLALTR, SRS PRURFLAG T BA g il e . DL i LA PE RE L R 3R I
Wi L o L T 3R A DR LA T A ) 2 0 2 PR R o, PR 0 2D N, HAT
WS EA I TERE, SR TREMEEFIEEF PN B 4%, arpikh
4 75 92 B AR AT DLK BRI 1) 46 SRS ER (B RAEAEAF AL 1] 25 107 W0 Jm AL B ARG LE A A
S TRERT HAR, I FEE IR S IR | AR 59k BROR AT AR 3 AN TR I S S A
ER X A 7 ik AR, AR Imgiml, B RIX S AN 2 BRI T 3R A 1 kL L 7E
Pickering FLB A IR AT, FIUREFL AL 7RG E FLB R 2 i A 3R DA S LER B AR AN AT 17— 48
WA T o

5 F, BATEE RG-S B HRS% 7 A R RS R S9N,
FFUESE T2 B R A AER R EHFE . RS B .

BRI AEA B, DL % ) PEG-b-PHPMA ZE& YRR N FLAL I & Pickering FLIR,
I FEASIRTRI TN « S WDRURLIAR 58 AR R /NS5 PR 300 SLBARR E T sl , W SL R &1
RURIESE 1) Pickering FLMRIUSZME R, 7R T2t — 0 588 S MBTRLFL AL I A FLAE AL
H, N Pickering FLifU il % $2 fitHi T

3.2 SLEGERSY
3.2.1 LI M RN S

S T 5 24 i WA 3-1:
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R 31 LT

Table3-1 List of experimental materials

2yl A4 R A% AR

i3 25% [ 24 [k 2 aln A R A A
R I hrat [ 245 4R A4 27 3R A BR A )

WERTR A iE 24 £ A Al A PR A 7]

IRERIR Iy b2t 24 4R A Al A PR A 7]

1B vagiELt [ 24k Bk 2 ol R A R A 7
TR — S vagiELt [ 244 Bk 2l R A R A

AALHH Iy Hrat 25 R b R A IR A 7

AL Iy Hrat 25 R b R A IR A 7
PRAEPR S — 4 Iy Hrat 25 4R b R A IR A 7

K6 P 5 A A% WA 3-2:
®3-2 SERFTAMNE
Table3-2 List of experimental instruments
P& EN 5 AR
PR T AL104 HHRF LR 2 A R A W]
Fz b A0 =AY OCA-20 f# ¥ Dataphysics 2
65 R Motic 2z o, Bt SV AR A PR A 7]
EVARIBG el 47y U-300 HAHAL A w
HUB -4 3-1 I EFAE

WL (PBS): FREUBEIREA —4h 1429, MR 547 0.279, &1b418.0g, &
L1 0.2g, T 1000 mL £ -7/K, F 0.1 mol ) HCI A1 0.1 mol ) NaOH & i
%1 pH 4514 3.0, 7.4 1 10.0,

3.2.2 Pickering #LiZRVEC &

TEREFEZ AT, K PEG-b-PHPMA 9K BURL I 1 280K MR 21 2.5 witvo, kA

25 %% VAT (400 pl), A H2SO4 % pH A5 H 2-4, £ 50°C FHitHE 12 /NS Bk
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=% PEG-b-PHPMA K& WHikifa5E Pickering FLR FFR 2 HEF T

HYX 2 mL 0.05-2.50 wt% PEG-b-PHPMA gh K ok 73 B 2 mL IEEReiR A&, 7/£25 CF
L 3000 rpm HLBEHHEEE 20 min, 53054 E /) O/W LK.

N

;éi %ﬁ% * * Water
% IR & E%ﬁ\ﬁ% @
[b s N Y % ctane
T G « S T A 3;..0

& 3-1 FMREE

Fig.3-1 Emulsification diagram
3.2.3 MR BB

10 mg A& 5B T 5 mL IE=EkeH, SRJE AT 2 mL 2.5 WtObSZ I (1) 44 K RIORL 73 i 4
7t 3000 rpm FHEFE 20 438h, HL 2 mL ZLEENENT IS . K ETRUTIRAE 100 mL B
A (pH =3.0,7.4,10,0), 7£37°C. BEII LA FREAT R 76 15052 i ) Py B
— B RRURE TR T b 78 55 R T B R 2 PR

KFLESEG: K 2.86mg A& SFAET 2mL IE¥EkEH, BFiENSH, 78 100mL [
PR h 22 B TR BEA TR

3.3 RIEFZE

(D JeF R

Pickering LA ¥ 't 27 S A B MR AT FH P B 585 Sk (1 Motic R iBRic s, JHEEH
Motic images 2.0 ML #AFiE4T 73 #r
(2) Frmsk

W TEA MDD IR M 2.5 wtdoRi BEE] 0.0195 wt%, K H OCA20 5K 7111 i il
VRO, MRE T R AN OK RURE 7 B B RO AR B T, IE R B Y 0.75
mg/mL, & E N5 E Y 10 min.
(3) G WRURL B B R

FIURL PR W RS 20026 22 SR FH SR A0 1) DL 43 6 6 FE T U-3900 434, 383 400-800 nm A [k
JEE R AE RN K FIORE 73 B B AT RSO G 1, 435 1 450 nm AL AR E &, SR

bR AT FLAL R SR AR PR SR SRR, I T 45 2 40 K UL £ ok 7K 57 T A PR B 2
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HHE AR (R A A8 3

.
(@) AR

A 25 EE AR SEUIE P RO 2 RS 5T WA E R U-3900 17, i
I 200-800 nim NI 04 35 2L A1 PTG, 440 2800m i b
. NIRRT R S GOV T B S5 R

3.4 R 578
3.4.1 BRIz BT EL iR AY =2

M 3-2 Ak 3-3 rhal LU, AL T RACHR R S VIRORL AR & 2L ISR
Ja B il 26 B FLIRFL R RE OREAR EU A N, 0A 2], AR, FLACTERESR My I8 BRX
— IR R A AR AT IR I 2R B WD RTRLAE FLAG I 32 258 0 U AT, 5 TAE MK A
AT A4 73 BB E B B S, RN T PSR R A R AR T A2 711, 10 A P B [ A
ERAIR U A ERRTE R Pickering FLIR AL E25 A, RIS 150 W 2R & M0 B0kL i) FLAG 12
AE o T — R E S

Bl 3-2  ANFEPRLARHIR SSBAIZE BRI 5R-A W0ni ) 2 i FLIFLIBORL IR J1 (a SRAZEK, 680 nm; b oR3E
B%, 80 nm; c 2Bk, 680 nm; d ZZEX, 80 nm)
Fig.3-2 Photos of emulsion particles prepared by uncrosslinked and crosslinked polymer particles
of different particle sizes (a, uncrosslinked, 680 nm; b, uncrosslinked, 80 nm; C crosslinking, 680 nm;

D crosslinking, 80 nm)
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¥ = PEG-b-PHPMA A V)HkifaE Pickering FLR 1% & A 7L

R 33 RIEERERE S YRR E IR BRI

Table3-3 Latex particle sizes of stabilized emulsion without cross-linking and cross-linking particles

s a b c d
FORLRSE (nm) 680 80 680 80
T BBk NAZIR NAZI ATHR ATHR
FHEA (um) 58.17 63.31 18.03 15.52
AR (um) 180.26 205.83 31.99 25.86
Be/MRifE (um) 18.14 24.74 12.36 9.17

3.4.2 BEYMIFRLR X FLiRAI# M0

0%
.40 60 20 40 60 80
Size um Size um

Y 0
3 5§ 75 100 125 50 _, 100 150
ize um Size um

3-3 ANRWERRESVHRL (d=680 nm) FBOKMHS]ZHABKICERHMERE (138,
REVTRIREKIA 2.5 Wt%. 2.0 wt%. 1.75wtd%. 1.5wt%. 1.25wt%. 1.0 wt%. 0.75wt%
#10.5 wt%)

Fig.3-3 Optical microscope images of emulsion prepared with polymer particles of different
concentrations (d=680nm) in aqueous phase (from 1 to 8, polymer particle concentrations were 2.5
wt%, 2.0 wt%, 1.75 wt%, 1.5 wt%, 1.25 wt%, 1.0 wt%, 0.75 wt% and 0.5 wt% respectively)

KM 680 nm (IR E VIR E N AALFINS, AFRVKET (0.5 wt%-2.5 wt%) K&
UKL A E /K FIBC S Pickering FLBR,  FLIBAR FLIBSREREAR K /DNl A /KRR VA BE ) AR A 4
3-3 fivR . B AKFHBRLIR FE 3G K, 680 nm ¥ RIURL It s (1) LI L RERL BE 2 98]~

M 6737 pm IZHIENE 1843 pm, HFLBRK/N AT, 242K 80 nm IR &
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PYRURLAE J FLALTRI R RE A L IBORDA A B UL LA 7 IAC FSE 18 v 1 s e 9 ] 3-4
Fizs, BEEYIRURLRE Y 2.5 wt%-0.5 wtdblt, 80 nm ZE-& WUk il 24 ) LR FLIRRL-F-
BPRIAR A 2712 pum ZHTR/N A 15.52 pme X ] AE R BT BEE BORLZLAGRIR FE I
FHE TR I, BT A A B 2 [ 3R A YRR R REE FLIRG A AR T K DA 5 1
SEONBUR R ORAF IR, X 2 RORL I BE A 8 B LE FLIOROH R A, TR /N AL
JEORE,  FLIR RS E VEAB TGS, 1 OREFL A PR AR, B ARAR N AT A2 06 1 LA
RLF RASE FU, TVRMERF RO I RE, P EH 7 7 REA R, ALMNFErEd
AL FE

0% :
% =0 F T 100 15, 20 25 30 SRR 10, 20 .20
ize um Size um Al Size nm Size um

o
20

20 .30 40 50 | g Sine m%’ 80

B 3-4 ARRERRSYHRL (d=680 nm) EBONKAERI&MZLBKOCFEEMER (N 138,
REYBRIRBEKIUCHN 2.5 wt%, 2.0 wt%. 1.75wt%. 1.5wt%. 1.25wt%. 1.0 wt%. 0.75wt%
A1 0.5 wt%)
Fig.3-4 Optical microscope images of emulsion prepared with polymer particles of different
concentrations (d=80nm) in aqueous phase (from 1 to 8, polymer particle concentrations were 2.5

wit%, 2.0 wt%, 1.75 wt%o, 1.5 wt%o, 1.25 wt%, 1.0 wt%, 0.75 wt% and 0.5 wt% respectively)
3.4.3 BEMBRR 1329520

Wik 3-5 o, X EEAR IR EE R 80 nm 5 680 nm [ 5 A R0k il £ 11 FLK, 680 nm
AW RIORLH 28 1 FLI A L BERL )P XA 00458 K T 80 nm 5B W Rk il % 11 LR ) LB Rz
PP AR, BEE BN KA 2.5 WOk, PR SR G 4000k ] £ 10 LU R R /N A 22
MR/ T H 2R H 680 nm A WRUR A FUAGTIRS,  FLIR KRR 52 500 R B B 52 550N
HIE, BEE SRS YIRR K AR B IR, R PR A R .
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1204 = 680nm
—_ 1 e 80nNm
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— 404
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[ ]
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5 |

O T T
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Bl 35 AEBRLRN T PRAAREKRERNL (B, d=680nm; 4L, d=80 nm)
Fig.3-5 Average particle size changes with concentration under different particle sizes (black,
d=680 nm; red, d=80 nm)

TESLIG R AR R IR R AP B ¥ Pickering FLiK F2 A /KELSAM, A
IKELER FEAS RG0S RIVEM, X A AT 00 S0RL 8 5 B 213k 7K
FrAL; T HORRURL PTG & ) Pickering FLIE IR T E /KA VR B B2 B vy, X 3R WK BIRL
3 7K ST Ak RO B AR T /I o DR AT T3 L b SRk T 00K B R PR 5% . 1 S i
SR P P R LE S [ VR BE N AE 400-800 nm (¥ 48 Zhmf WL, #7450 nm KbIROG B
SERRHERTZE (P 3-6 BT ). FEBL B AL B 1h J5 /K AR o A PR Y
VR, R F LA 2 T SRR (R PR S

A PDFTORLAE I 7K S TH A AR PR 83 a0 ) 3-7 BT, BB R B RO A1, 00 1 0
BB K, Horh 80 nm FIURLFE & <A 2.5 Wt%-0.05 wt%, HoI B 2% M 75 %
K% 87 %, i 680 nm FHUHL 1IN B RCRAE 2.5 widerm ik BEI A 53% /47, 7E 0.05 wit%
PRI IS EL R PR R AT 4%, X Ui BN RS SR W BIoRL B A7 TE S IR BT RE 0, A
T A AT S v R PR 2%, TR /NSRS E 1) Pickering FLIBRFLIERLEE /N, BEIK BE
IS/, AR e VLT
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El3-6 REWBRLIEA00-800 nmK ] 6RO BE AR FLAE450 nmAbndE 1 4% (a, 80 nm; b, 680 nm)
Fig.3-6 The visible light absorbance of polymer particles at 400-800 nm and its standard curve at

450 nm (a, 80 nm; b, 680 nm)
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Fig.3-7 Influence of particle size on adsorption efficiency
FATHE— S 80 nm FUKLIAT 680 nm BURLX /K gk 77 B2 . I 3-8 )
DB H, IEEEM/KPFETEK SN 47.67 mNim, KM REDERLE, 70L&
IR K gk 7, ELRERURLIR L RIS sk Jll), - S 5K 7 sk 1l Rk
53 5t BA R (SR A, AR T e S B, T B ARSI E B RERIER,
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FHHIGK A T00N s S8 HH I BN T RG SE 1R K ST 5K A 5 /T RN RG E 1 7
T 5K A7, /NRORE B R0, B AT 5 5im (1 B S i 5K A aE 75 1y H A B sh s S i sk 7 v
WRILAE R FEIRIE S, ANBORIA] DA RR A B AP A, IR H/INEURL T DL
PRGN BK F AL, BA S BE Tk . BRIAEAR RIS TR, 2 58 22 (/N TKE
FLACTIRE B 2 K S AL, FHURL IR IR B R B 2 36K, FLIA FLIBORERE 2 o)y, LR
Fe € Ve B AT

507 a = 80 nm
45 * 680nm 44
404 ,
=~ 3] " 401
£ £
£
Z 309 E
c 36
S 254 1S
'_ ~
o =
L 204 i
HEC == 329
154 :
2 R
104 28
0.0006 0.0049 0.0391 03125 2.5 0 100 200 300 400 500 600 O 100 200 300 400 500 600
Concentration(w/w%) Time(sec) Time(sec)

& 3-8 WRLA/NIHHAKSFE K AKIEZE (2); 0.0012ww% (b) Fl25ww% () IKETFHIEE
FHETK S
Fig 3-8 Influence of particle size on oil-water interfacial tension (a); dynamic interfacial tension at

concentrations of 0.0012 w/w% (b) and 2.5 w/w% (c)
3.4.4 WIRTFHIEEAEE

TERE R RMRIG @I A1 570 T2k, Bl G 7E R RR G2 WP I Hh EAT BRI
T el PR AT S E R R FE R AE 200-350 nm 48 A AT LGS, #57 220 nm AR 6
FERR ST ARE T ZE (] 3-9 s ),

R AE RAan& 3-10 o, BEAE S pH BIFEMG, Amig 25 Btk az 12 . 42l
pH >4 10.0 i, 7E 150 min N, BRI CIAE] 90%, 7E 300 min BCRIAE] 99%; 4
ZIPR pH v 7.4 I8, £ 210 min N, BEIERIA F] 90%, £E 420 min BRE A 1A F] 99%
DL b 22l pH v 3.0 1), 4B [a] 9 600 min B, A& 5- RERAR IA A A
20% /5 A5 o 3% WA P A S LA pH B AT A SR AR AT 9% 25 RO TG

FEALMAH VR IRCEL IR R B, BARGE MM pH v 7.4, {HAE 90 min PN, ARi&SF IR
R C 4 TAF) 90%, £ 180 min HiAF) 99%LL . HMELT Pickering FLik, Aii& s

U PP RO DR o X3RRI E Yok 7K S T AR R SR S PR I e 1 — = [ A ROk S
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AR BN PHAFROR,  BH L T A& 25 A Pickering FLI A 8 1) 2 KeAH BI7KAH I)IE 5

25 ——0.05mg/ml
— 0.025mg/ml £ 5
204 ——0.0125mg/ml c ]
c ——0.00625mg/ml IS4
.g 15 ——0.00312mg/ml N
s —— 0.00156mg/ml ©
S ——0.00078mg/ml 5 .
2 10 —— 0.00039mg/ml =
< £
05 3
) 8
= <
0.0 & 0
200 300 0.00 001 002 003 004 005
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BI3-9 AR¥EZFFE200-350 nmE RSN AT OGIRIBE (a) BAKRILAE220 nmibirHErZ (b)
Fig.3-9 The ultraviolet and visible light absorbance of IBU at 200-350 nm (a) and its standard curve

at 220 nm (b)
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& 3-10 AW&3F M Pickering FLIB AR pH SZM BRI (a); ¥ Mg pH7.4 &
MR HTRETRIZR (b)
Fig.3-10 lIbuprofen release curve from Pickering emulsion to different pH buffers (a); release curve

of ibuprofen from pure oil phase to pH7.4 buffer (b)
3.5 N

A 5 VIPEG-b-PHPMA SR &R0k A LA I I (I BC & T A2 € FIO/WFLIEL,  ska
RIL e SZRGEHE TR 2 By Lk 2 S W URLAE v BY D) N 1 7 OS5, 16E E Pickering
FLR AL B AT BRA BRI IR LBy, K ST 7K BRI, LRk N, A2 5E 1
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s I LS AT, /NBURE T LS PRI A S B i AL, B AR S sk /)
AN B s ERO VB B 288, T e 1 DA LA A I 453 28] B0 LR R FLIRORE BE S, A 1k B 4
ATV T3 WP ISR B0 A B, 388 5 42 1) 2 b R A pHEL RT LA 28 1R 15 41 45 25 M Pickering L
7 28 Y AVRE TG EE 5 170 EL Pickering L ¥ A A Yo 7 5t ] AR PR B 1) SR S R A 1 17—
JEEARBURLIE, AN RIBEAG R, BHAE T A0 ¥ 25 AAPickering LI A #8 1) < e AH ) 7K
ISR, MITIER 1 A7 9 25 IR TR 18]

44



RS (RO B 22 AR S

FNE BEYIBRFE/KMEESEXF RTRE MHRIZ Y
41 315

WEFCR I, BORLFLA AR KM (B IE) SRESAEEHGHSRT Pickering FLIR A0S

TR AV . BRI B A & Bk M (BB KD A R 6 A e R B 380 e -
FK G, MTTTA 2k AR 2 FLIR, 12 R R 24 R K TR A BT T B VR 7E e 21 AH HR 23 8
KRR T oK A A, TR 7 R4 B HAE, AT HHE R, aUR R
G AR, EAVRAESTRAAE L, NBERARNLEHEE, Bt L, R4%H
FHBE AR Ak 2 B BRI S5 K M (BRI M) BRI FT U E 1 SRBe b R B, 40kl Ak 771
R T AT R 2 TV KB I HEAL GRS v, PTG B FL A s 4, XA T
FURLFLAFR R B R AT REMIAALE, SN 7 B0RLFL A FRIFT AR ) 2 R R SR, BRI AE
FUATFR R, UKL LA ) 2 BE 25 5 W PR B K LT, LA G B0 o R LA 2 1 B 1)
SRR LA R 1 45 TR B2 O T B ATRFE A TR FEH R, R ORL LA 7R 55
KR 55 A1 FLRR 8 PR IR 08 R B — B R X

HF M, A sl R AYIE S A A T B MR SE MRS
AN R A A K ik PEG-b-PHPMA fil PGMA-b-PHPMA,, i % ik £ 13
G WIRORLFLAG TR SR 5K 7+ RRORLAE I 7K 57T PR PR 28038 A B AT s 23 1 0, TR T8 5
SIS LU T 5RA RO L AR R (4 538 7K A 5 55 0T LR 5 1 R 5 )

4.2 SEEGERSY

4.2.1 LW AMBALER

A EE v it FH SR 56 24 i AN R TR 26 =2 3.2.1 719,
4.2.2 Pickering ZLiGHVEL B

TEFEZ BT, # PGMA-b-PHPMA Gl KBURL A 5 B F /KB BE 2l 2.5 wit%, Bk
FEN 25 % BV W (400 pl), 3 HaSO4 ¥ pH ™1 2 2-4, 75 50°C R i 5 A2 Bk
HX 2 mL 0.05-2.50 wt% PGMA-b-PHPMA 44K S50k 20 B0 2 mL IEE kiR &, £ 25 C

LA 3000 rpm MLk FE 20 min, 15 2F8E B O/W FLK -
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4.2.3 %S BERFFER

¥ 10 mg V& 559 T 5 mL IE=EkiH, 285 A1 2 mL 2.5 wt% LBk ) PGMA-b-PHPMA
YRR 73 AR LE 3000 rpm FHHE 20 708, B2 mL FLBER NS R T . KE T8t
IRAE 100 mL pH7.4 [EERRER 2P, 1 37°C. W Imi bk R AT R, 75 T0E I
(1] P X — S AR ARRE TR I 78 56 B S IR 22 R

4.3 TRIEFZE

(L B:fibfd
W T 185 1 5 A AR ORI R R MU, SR 4 3 e i 31 B A SR, s
OCA20 5K Sy vk it S H A A
(2) TRAWDFTORL I W B 2 2
TURE RIS Bt 28 2 SR 28 A0 R DL 23 G BE T U-3900 4347, dd i 400-800 nm AN [k
JEHIZZ I PGMA-b-PHPMA K BURL 73 HA 1 AT DRSO G, 7521 1 450 nm AL 2tk
b B, AR JE R b o T LA S E S A AR R R A IR B, T A5
PGMA-b-PHPMA Z&& V) 4N A TIURLAE Jih 7K S I B B 805
(3) HRFRIMEFBFH =% 337,

4.4 FER5HL
4.4.1 ¥ERRANE

T WRTORL FL A TRIAE TR /K T T Ak (e Fefid A 2R T O K SRR SR A, R e H
FITAC B LR e M SR B I SCBEPE R 25 o L2 B A B 2 2R & W R AL R E BR T
YRR 2 THT B RSP THI S T 0 o R =2 A A TR B, BRI, FH R 7 v A e £ 1 1)
PE Y, BARIM A TCIES B R A W Bk FLAL AR FE K ST e A O 4 {8, (R TT
PIKE EEANTRTRE 2 I Bk e Gk D BRSSr sk tass . 18 4-1 Rl R4
S AR S IPIF RS YYIKBIRL PEG-b-PHPMA 1 PGMA-b-PHPMA, i & LA
PEG #EBUNIBEIKEER, LA PHPMA SEBONELKIE NRZ, FHAK IR #Al M 2 30.4<
JE#LL PGMA SEBCAIKEERL, LL PHPMA BEBUNBAKME AL, FLAIZK 2 8] 1 # i

N 76.7°; 1X R B PEG-b-PHPMA K & Wy 4l K Bk F Ak 57 19 2% 7K PE 5 5,
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PGMA-b-PHPMA & W4 K S0 A6 75 1 5% K P AR XS 55055

PGMA-b-PHPMA PEG-b-PHPMA
CA:76.7° CA:30.4°

B 4-1 KERSVPORBIRCR T K3 A

Fig.4-1 Contact Angle of water on polymer nanoparticles
4.4.2 REMBARIFLFIBIFEK MR SR FL KA

KH 80 nm ] PGMA-b-PHPMA ZE& MK BURAE N FL AL, AFKET
(0.5Wt%-2.5Wt%) APk R ACE Pickering FL WA 4-2, FLBAFLRIRIAE K
/INBEE KRRV BE 1A 1] 4-3 Ptz o Bl 7KAH S8 -G A oK JBURL IR FE 3G K, BT AR 19
FUBRFLBRLREZ g/, A 22£7 um BHRNE 13£3um, HIRR R/ T3
51s MREMACK BRI BRI 1.5 wido)s, IR EEST FLII FLI KL /N o3 A 52 A K s
A1 PEG-b-PHPMA Z&& M4 K BURL AT S € B FLIBAREL , S /K 1% BE 55 1) PGMA-b-PHPMA
RAEMIKITRAR E FLR I FUBRLEE S /N, 2R FE RS IR BE B /N

0%
10 §Q 30 40
1Ze um

0%

o
"0 .20 30
Size um

10, 20 10 . 20
© Size¥im Size um Size um

B 4-2 AEWRER PGMA-b-PHPMA & WIRURLIA B /K AR & ML R BE A (M8 3
1, BAYBRIRERUCHA 0.5 Wt%o. 0.75 wt%. 1.0 Wt%- 1.25wt%. 1.5wt%. 1.75wt%. 2.0 wt%
A 2.5 wt%)
Fig.4-2 Optical microscope images of emulsion prepared with polymer particles of different
concentrations in aqueous phase (from 8 to 1, polymer particle concentrations were 0.5 wt%. 0.75

wt%. 1.0 wt%. 1.25wt%. 1.5wt%. 1.75wt%. 2.0 wt% and 2.5 wt% respectively)
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= PEG-PHPMA

35 e PGMA-PHPMA

301
251

20 1 [ ] L

Droplet Diameter ( pm )

101
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Concentration ( wt% )

B 4-3 FBPIREFER SWHRBRIRERNL (B, PEG-b-PHPMA; 4, PGMA-b-PHPMA)
Fig.4-3 The average particle size of emulsion varies with the concentration of polymer
nanoparticles (black, PEG-b-PHPMA; red, PGMA-b-PHPMA)

7E 5256 H B AT TR R FIPGMA-b-PHPMA SR & W URE kL A4k 551 ] T i 2 1 Pickering
FUR T IRABAE ACELEAR, (HKELLAR &R E B B, HIEEM, X152 HTPEG-b-PHPMA
BTl & M FL T MR B IR A— B X RN 55 IPGMA-b-PHPMAZ &)
AR KSURE FL AR LA S v PR PR 2803 o AT R 3 o e R I RS, (1 TR B 2% o
S8 388 3 W AR R 7 AN [R) 94 E TR 7E.400-800nm ) £ A T WL i, 7 7. 450nm A R 5 7 ST
bRt 28 (B4-4FR) o F3HAC B I FLIRFE B Lh )5 /K% 2R A0 58 G WROR I 7R
FE, TS b o it 2 T AR U 1 98 B 2%

INE4-5FTR, BEEIRE IR, PGMA-b-PHPMAZE & W Uk 1 W B R th it 35 434
Ko A NIBURLBE I FE 2.5W1%-0.05Wt%, IR B 3% I 87%E K £296%, IX iz i
T Z HIPEG-b-PHPNAFIW B 2% (87%-75%) o X i BH 5% /K M 5 55 I PGMA-b-PHPMA
A VRRLAE MK S B A LRI Ty, BoAG T  nWRB R 77, M A 5 e AR Bt 2K
#, IR LR /N, FLR AR e TR 4T
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Fig.4-4 The visible light absorbance of PGMA-b-PHPMA polymer particles at 400-800 nm and its

standard curve at 450 nm
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Influence of polymer particle hydrophilicity on adsorption efficiency

PGMA-b-PHPMA
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) PGMA-b-PHPMA ZE5 W)k HL A B8 5 B FRAR S I 5k T BE 0. AL 4-7 B F sk
T3 BRI AE H, EMFEIRE T, SRKIEE 551 PGMA-b-PHPMA 55 YRtk i] DL EE R
HIIE B — P, fInfE 0.0096 wt%ik B2, PGMA-b-PHPMA kL 7E K £ 150s i A]
LU ST, 1 PEG-b-PHPMA SRRLTE K% 250s Hf A4 <Xk BIPA A . X RIS K M
T 551K PGMA-b-PHPMA 5 & vk B A 5 m IRVE TR, T LU BRI B 23t 7K SRR AL
DL e #E A ) LA B 8] P, 2376 58 22 1 0K RS 1) 22 1 7K S TR AL R0RSE PR W PR 2850 3 i 2 386K
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Fig.4-6 Effect of different hydrophilicity polymer particle concentration on oil-water interfacial

tension
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B 4-7 AESRK MR RS YRR 325 57 E 7K /1 KIFEAA (a, 0.0096 wt%o; b, 0.012 wt%:; ¢, 2.5 wt%)
Fig.4-7 Effect of different hydrophilicity polymer particle concentration on dynamic
interfacial tension(a, 0.0096 wt%; b, 0.012 wt%o;c, 2.5 wt%)
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4.4.3 miBFNBESEN

TR TR, BB AE SIS Tk, B S ERERR 2% 1P W R AT BRI
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B 4-8 ARIEZFFETE 220nm AEHIARHERIZR (a); AA¥EZF A FISRAK I R-& WIRURLAR %8 Y Pickering
FLE pHT7.4 SRR #IZ (b)
Fig.4-8 Standard curve of ibuprofen at 220nm (a); Ibuprofen release curve from different
hydrophilic polymer particles stabilized Pickering emulsion to pH7.4 buffer (b)
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Wk B R, K SN, FURSRIECN BN, AR e MR T EoR KR S
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RICRHREG T BT & T REGWAKIRL, JHEAFRIRE T e
[ O/W FLI, WHFL 7AW SEE VBN AL RIS . ST DA RS K P 5 55
PR okt LA e PR RS . A SEan F :

(1) Bl mPEG-DMP JyK7r 788 #27), UL HPMA Jyifk, FIRIZEGHSHL%E
R T RIREE . BORHEL I % T — RFVAAAF R (80 nm-1000 nm) ¥
PEG-b-PHPMA ZE-& W KR, 3F— 5185 75 K 70 T HE4 #2578 PGMA il & T B H
AFZRIKPER] PGMA-b-PHPMA SEE WA KRR, FFAIM T #E. DLS. BEREE ik
S RAE T O H MR TS HEAT T RAE . SEIGIENE, A HE S B AL 5 3R i
JUSF AT L

(2) PAPEG-b-PHPMAZ &Ry FLAL T B EH L B 1 Fe e IO/WFLIR, 5256
KIN: SCHREE R TE B2 B 1 SRS W BURLTE = BT D) T 4 7 BB R & ) 8%, 1t B Pickering
FURB LM RAVRLI IR R R, WK FRT A, EALRRIE N, AR et
R s JEIEX PSRRI, INBURL AT LA PR RS S K SR T AL, B AR STk
FRIEE i VR B 5, AT BT DAy LA A8 B 759 380 0 LR P FLAR R BE /), AR PR FE AT
I AV S (R R TR B3R B, 38 3 4 2 i 1) pHAE T LA 809 98 15 41 ¥4 55 M Pickering
FLIB IR R R PR R B 1T FLPickering 7L ik A1 7 doh 7K 7 1T A VR B 1) 5 BN ol
T RN, AR B PEAT R, BRI T AR 25 I Pickering FL P 8 1) < e A
A KAHIE RS, ITTRE K 1 A 785 25 (R B TR 1]

(3) LAFIRlE KA F R A YIPRL (PEG-b-PHPMA 1 PGMA-b-PHPMA) AH
W T IBC B T A2 1) O/W FLil . SEie R I, Wi 2R -G Wk (e A e FLIHOS A2
TR Pk ey, SR SN, FUBORLERINEN, FLIRRR e MR T HL R K 5
] PGMA-b-PHPMA Z&5 ) Rki i) LABE SRR 2 B K A AL, 7EAR R T B AR
P ST 7 70 R B v POV B R, AT A S L A 71 PR 45 380 i LI R LKL B /S, 7L
WkaE MR RIS S R SE S, PGMA-b-PHPMA 54 UKL TE i 7K S 1Hi
Kb BT TR S FED ] A JORSE L SELRS S R B A W, B I 1 A 965 25 PR R TS )

53



22 3CHk

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

S 3Rk

Kumar A., Li S., Cheng C. M., et al. Recent developments in phase inversion
emulsification[J]. Industrial & Engineering Chemistry Research, 2015, 54(34):
8375-8396.

Brown P., Butts C. P., Eastoe J.. Stimuli-responsive surfactants[J]. Soft Matter, 2013, 9(8):
2365-2374.

Liu Y., Jessop P. G., Cunningham M., et al. Switchable surfactants[J]. Science, 2006,
313(5789): 958-960.

Pradhan M., Rousseau D.. A one-step process for oil-in-water-in-oil double emulsion
formation using a single surfactant[J]. Journal of Colloid and Interface Science, 2012,
386(1): 398-404.

Huang X., Qian Q., Wang Y.. Anisotropic particles from a one-pot double emulsion
induced by partial wetting and their triggered release[J]. Small, 2014, 10(7): 1412-1420.
Magn A. L., Rehman S. U., Bell R. V,, et al. Reversible assembly of pH responsive
branched copolymer-stabilised emulsion via electrostatic forces[J]. Chemical
Communications, 2015, 52(1): 136-139.

Ku K. K. H., Shin J. J. M., Klinger D. D., et al. Particles with tunable porosity and
morphology by controlling interfacial instability in block copolymer emulsions[J]. Acs
Nano, 2016, 10(5): 5243-5251.

Hanson J. A., Chang C. B., Graves S. M., et al. Nanoscale double emulsions stabilized by
single-component block copolypeptides[J]. Nature, 2008, 455(7209): 85-88.

Hong L., Sun G., Cai J.,, et al. One-step formation of W/O/W multiple emulsions
stabilized by single amphiphilic block copolymers[J]. Langmuir the Acs Journal of

Surfaces & Colloids, 2012, 28(5): 2332-2336.

[10]Wang D., Xiao L., Zhang X., et al. Emulsion templating cyclic polymers as microscopic

particles with tunable porous morphology[J]. Langmuir, 2016, 32(6): 1460-1467.

[11]Patel A. R., Velikov K. P.. Zein as a source of functional colloidal nano-and micro

54



RS (RO B 22 AR S

structures[J]. Current Opinion in Colloid & Interface Science, 2014, 19(5): 450-458.

[12]Filippidi E., Patel A. R., Bouwens E. C. M., et al. Microcapsules: all-natural oil-filled
microcapsules from water-insoluble proteins[J]. Advanced Functional Materials, 2015,
24(38): 6084-6084.

[13]Mcclements D. J.. Protein-stabilized emulsions[J]. Current Opinion in Colloid &
Interface Science, 2005, 9(5): 305-313.

[14]Wilde P.. Proteins and emulsifiers at liquid interfaces[J]. Advances in Colloid and
Interface Science, 2004, 108(10): 63-71.

[15]Damodaran S.. Protein stabilization of emulsions and foams[J]. Journal of Food Science,
2005, 70(3): 54-66.

[16] Dickinson E.. Flocculation of protein-stabilized oil-in-water emulsions[J]. Colloids and
Surfaces B Biointerfaces, 2010, 81(1): 130-140.

[17]Alexander B., He J., Russell T. P., et al. Self-assembly of nanoparticles at interfaces[J].
Soft Matter, 2007, 3(10): 1231-1248.

[18]Kumar A., Park B. J., Tu F., et al. Amphiphilic janus particles at fluid interfaces[J]. Soft
Matter, 2013, 9(29): 6604-6617.

[19] Tavernier 1., Wijaya W., Paul V. D. M., et al. Food-grade particles for emulsion
stabilization[J]. Trends in Food Science & Technology, 2016, 50(12): 159-174.

[20]Lam S., Velikov K. P., Velev O. D.. Pickering stabilization of foams and emulsions with
particles of biological origin[J]. Current Opinion in Colloid & Interface Science, 2014,
19(5): 490-500.

[21]Chevalier Y., Bolzinger M. A.. Emulsions stabilized with solid nanoparticles: pickering
emulsions[J]. Colloids and Surfaces A Physicochemical and Engineering Aspects, 2013,
439(2): 23-34.

[22]Wang X., Shi Y., Graff R. W., et al. Developing recyclable pH-responsive magnetic
nanoparticles for oil-water separation[J]. Polymer, 2015, 72(12): 361-367.

[23]Chen Y., Bai Y., Chen S., et al. Stimuli-responsive composite particles as solid-stabilizers

for effective oil harvesting[J]. ACS Applied Materials & Interfaces, 2014, 6(16):

55



22 3CHk

13334-13338.

[24] Thompson K. L., Mable C. J., Cockram A., et al. Are block copolymer worms more
effective pickering emulsifiers than block copolymer spheres?[J]. Soft Matter, 2014,
10(43): 8615-8626.

[25]Tu F., Lee D.. Shape-changing and amphiphilicity-reversing janus particles with
pH-responsive surfactant properties[J]. Journal of the American Chemical Society, 2014,
136(28): 9999-10006.

[26]Ku K. H., Lee Y. J, Yi G. R., et al. Shape-tunable biphasic janus particles as
pH-responsive switchable surfactants[J]. Macromolecules, 2017, 50(34): 9276—9285.
[27]Fujit ' S., And D. P. R, Armmes S. P. Synthesis of polystyrene/poly
[2-(dimethylamino)ethyl methacrylate-state-thylene glycol dimethacrylate] core—shell
latex particles by seeded emulsion polymerization and their application as
stimulus-responsive particulate emulsifiers for oil-in-sater emulsion[J]. Langmuir the Acs

Journal of Surfaces & Colloids, 2004, 20(26): 11329-11335.

[28]Brugger B., Rosen B. A., Richtering W.. Microgels as stimuli-responsive stabilizers for
emulsions[J]. Langmuir the Acs Journal of Surfaces & Colloids, 2008, 24(21):
12202-12208.

[29]Ngai T., Behrens S. H., Auweter H.. Novel emulsions stabilized by pH and temperature
sensitive microgels[J]. Chemical Communications, 2005, 3(3): 331-333.

[30]Li N., Wang X. G.. Hollow and vesicle-like aggregates of an amphiphilic azo random
copolymer bearing branched azobenzene side chains[J]. Acta Polymerica Sinica, 2013,
13(4): 549-555.

[31]Boker A., He J., Emrick T., et al. Self-assembly of nanoparticles at interfaces[J]. Soft
Matter, 2007, 3(10): 1231-1248.

[32]Pieranski P.. Two-dimensional interfacial colloidal crystals[J]. Physical Review Letters,
1980, 45(7): 569-572.

[33]Daware S. V., Basavaraj M. G.. Emulsions stabilized by silica rods via arrested

demixing[J]. Langmuir the Acs Journal of Surfaces & Colloids, 2015, 31(24): 6649-6654.

56



RS (RO B 22 AR S

[34]Schoth A., Landfester K., Mufbzesp IR.. Surfactant-free polyurethane nanocapsules via
inverse pickering miniemulsion[J]. Langmuir the Acs Journal of Surfaces & Colloids,
2015, 31(13): 784-788.

[35]Lou F., Ye L., Kong M., Yang Q., Li G.. Huang Y. Pickering emulsions stabilized by
shape-controlled silica microrods[J]. RSC Advances, 2016, 6(12): 24195-24202.

[36]Folter J. W. J. D., Hutter E. M., Castillo S. I. R., et al. Particle shape anisotropy in
pickering emulsions: cubes and peanuts[J]. Langmuir the Acs Journal of Surfaces &
Colloids, 2014, 30(4): 955-964.

[37]Fujii S., Armes S. P., Binks B. P., et al. Stimulus-responsive particulate emulsifiers based
on lightly cross-linked poly(4-vinylpyridine)-silica nanocomposite microgels[J].
Langmuir, 2006, 22(16): 6818-6825.

[38]Williams M., Armes S. P.,, Verstraete P., et al. Double emulsions and
colloidosomes-in-colloidosomes using silica-based pickering emulsifiers[J]. Langmuir,
2014, 30(10): 2703-2711.

[39]Amalvy J. 1., Armes S. P., Binks B. P., et al. Use of sterically-stabilised polystyrene latex
particles as a pH-responsive particulate emulsifier to prepare surfactant-free oil-in-water
emulsions[J]. Chemical Communications, 2003, 9(15): 1826-1827.

[40]To N., Sven H. B., Auweter H.. Novel emulsions stabilized by pH and temperature
sensitive microgels[J]. Chemical Communications, 2005, 3(3): 331-333.

[41]Syuji F., Yuanli C., Jonathan V. M., et al. Syntheses of shell cross-linked micelles using
acidic ABC triblock copolymers and their application as pH-responsive particulate
emulsifiers[J]. Journal of the American Chemical Society, 2005, 127(20): 7304-7305.

[42]Ramsden W.. Separation of solids in the surface-layers of solutions and 'suspensions'
(observations on surface-membranes, bubbles, emulsions, and mechanical coagulation)-
preliminary account[J]. Proceedings of the Royal Society of London, 1903, 72(4):
156-164.

[43]Spencer U. P.. CXCVI-emulsions[J]. Journal of the American Chemical Society, 1907, 91.:
2001-2021.

57



22 3CHk

[44]Finkle P., Draper H. D., Hildebrand .J H.. The theory of emulsification[J]. Journal of the
American Chemical Society, 2002, 45(12): 2780-2788.

[45]Schulman J. H., Leja J.. Control of contact angles at the oil-water-solid interfaces.
emulsions stabilized by solid particles (BaSOa4)[J]. Transactions of the Faraday Society,
1954, 50(12): 598-605.

[46]Ridel L., Bolzinger M. A., Gilon N., et al. Pickering emulsions stabilized by charged
nanoparticles[J]. Soft Matter, 2016, 12(36): 7564-7576.

[47]Facal M. P., Xu J, Wu X., et al. Thinking outside the box: placing hydrophilic particles in
oil phase for formation and stabilization of pickering emulsions[J]. Chemical Science,
2018, 9(21): 4821-4829.

[48]Li W.,, Yu L., Liu G., et al. Oil-in-water emulsions stabilized by laponite particles
modified with short-chain aliphatic amines[J]. Colloids and Surfaces A, 2012, 400(6):
44-51.

[49]Li W., Zhao C., Tan J., et al. Roles of methyl orange in preparation of emulsions
stabilized by layered double hydroxide particles[J]. Colloids & Surfaces A
Physicochemical & Engineering Aspects, 2013, 421(11): 173-180.

[50]Santini E., Eduardo G., Ferrari M., et al. Emulsion stabilized by the interaction of silica
nanoparticles and palmitic acid at the water-hexane interface[J]. Colloids & Surfaces A
Physicochemical & Engineering Aspects, 2014, 460(9): 333-341.

[51] Sadeghpour A., Pirolt F., Glatter O.. Submicrometer-sized pickering emulsions stabilized
by silica nanoparticles with adsorbed oleic acid[J]. Langmuir, 2013, 29(20): 6004-6012.

[52]Alejandro V., Carlos R. A., Angelika M., et al. Antagonistic effects between magnetite
nanoparticles and a hydrophobic surfactant in highly concentrated pickering emulsions[J].
Langmuir, 2014, 30(18): 5064-5074.

[53]Sturzenegger P. N., Gonzenbach U. T., Koltzenburg S., et al. Controlling the formation of
particle-stabilized water-in-oil emulsions[J]. Soft Matter, 2012, 8(28): 7471-7479.

[54]Wang J., Liu G., Wang L., et al. Synergistic stabilization of emulsions by

poly(oxypropylene)diamine and Laponite particles[J]. Colloids & Surfaces A

58



RS (RO B 22 AR S

Physicochemical & Engineering Aspects, 2010, 353(2): 117-124.

[55]Williams M., Armes S. P., Verstraete P., et al. Double emulsions and
colloidosomes-in-colloidosomes using silica-based pickering emulsifiers[J]. Langmuir,
2014, 30(10): 2703-2711.

[56]Binks B. P., Murakami R., Armes S. P., et al. Temperature-induced inversion of
nanoparticle-stabilized emulsions[J]. Angewandte Chemie, 2010, 44(30): 4795-4798.
[57]Qian Y., Zhang Q., Qiu X., Zhu S.. CO2-responsive diethylaminoethyl-modified lignin
nanoparticles and their application as surfactants for CO./N2-switchable Pickering

emulsions[J]. Green Chem., 2014, 16(12): 4963—4968.

[58]Tang J., Lee M. F. X., Zhang W., et al. Dual responsive pickering emulsion stabilized by
poly[2-(dimethylamino)ethyl ~ methacrylate]  grafted cellulose  nanocrystals[J].
Biomacromolecules, 2014, 15(8): 3052-3060.

[59]Tang J., Berry R. M., Tam K. C.. Stimuli-responsive cellulose nanocrystals for
surfactant-free oil harvesting[J]. Biomacromolecules, 2016, 17(5): 1748-1756.

[60]Ren G., Wang M., Wang L., et al. Dynamic covalent silica nanoparticles for pH
switchable pickering emulsions[J]. Langmuir, 2018, 34(12): 5798-5806.

[61]Sun G., Liu M., Zhou X., et al. Influence of asymmetric ratio of amphiphilic diblock
copolymers on one-step formation and stability of multiple emulsions[J]. Colloids and
Surfaces A: Physicochemical and Engineering Aspects, 2014, 454(1): 16-22.

[62]Meina X., Anli X., Tongtong Z., et al. Tailoring the wettability of colloidal particles for
pickering emulsions via surface modification and roughness[J]. Frontiers in Chemistry,
2018, 6(7): 225-241.

[63]Liu M., Chen X., Yang Z., et al. Tunable pickering emulsions with environmentally
responsive hairy silica nanoparticles[J]. Acs Applied Materials & Interfaces, 2016, 8(47):
32250 -32258.

[64] Derakhshandeh M., Pilapil B. K., Workman B., et al. Analysis of network formation and
long-term stability in silica nanoparticle stabilized emulsions[J]. Soft Matter, 2018,

14(21): 21-44.

59



22 3CHk

[65] Destribats M., Lapeyre V., Wolfs M., et al. Soft microgels as pickering emulsion
stabilisers: role of particle deformability[J]. Soft Matter, 2011, 7(17): 7689-7698.

[66]Read E. S., Fujii S., Amalvy J. 1., et al. Effect of varying the oil phase on the behavior of
pH-responsive latex-based emulsifiers: demulsification versus transitional phase
inversion[J]. Langmuir the Acs Journal of Surfaces & Colloids, 2004, 20(18): 7422-7429.

[67]Cunningham V. J., Armes S. P., Musa O. M.. Synthesis, characterisation and pickering
emulsifier performance of poly(stearyl methacrylate)-poly(-2-(methacryloyloxy)ethyl
pyrrolidone) diblock copolymer nano-objects RAFT dispersion polymerisation in
dodecane[J]. Polymer, 2016, 7(10): 1882-1891.

[68] Thompson K. L., Chambon P., Verber R., et al. Can polymersomes form colloidosomes?
[J]. Journal of the American Chemical Society, 2012, 134(30): 12450-12453.

[69] Thompson K. L., Mable C. J., Lane J. A, et al. Preparation of pickering double emulsions
using block copolymer worms[J]. Langmuir, 2015, 31(14): 4137-4144.

[70]Amalvy J. 1., Armes S. P., Binks B. P., et al. Use of sterically-stabilised polystyrene latex
particles as a pH-responsive particulate emulsifier to prepare surfactant-free oil-in-water
emulsions[J]. Chemical Communications, 2003, 9(15): 1826-1827.

[71]Cunningham V. J., Giakoumatos E. C., Marks M. Effect of morphology on interactions
between nanoparticle-stabilised air bubbles and oil droplets[J]. Soft Matter, 2018, 14(17):
3246-3253.

[72] Thompson K. L., Mable C. J., Cockram A., et al. Are block copolymer worms more
effective pickering emulsifiers than block copolymer spheres?[J]. Soft Matter, 2014,
10(43): 8615-8626.

[73]Tu F, Lee D.. Shape-changing and amphiphilicity-reversing janus particles with
pH-responsive surfactant properties[J]. Journal of the American Chemical Society, 2014,
136(28): 9999-10006.

[74]Ku K. H., Lee Y. J, Yi G. R,, et al. Shape-tunable biphasic janus particles as
pH-responsive switchable surfactants[J]. Macromolecules, 2017, 50(23): 9276—9285.

[751167k 4, Eit 2, 1P, AU Pickering LI MBI & JEHL-1THLSZ 428 LR L).

60



RS (RO B 22 AR S

AR S AR, 2018, 39(7).

[76]Shah B. R., Li Y., Jin W,, et al. Preparation and optimization of pickering emulsion
stabilized by chitosan-tripolyphosphate nanoparticles for curcumin encapsulation[J].
Food Hydrocolloids, 2016, 52(12): 369-377.

[77]Marefati A., Bertrand M., Sjoo M., et al. Storage and digestion stability of encapsulated
curcumin in emulsions based on starch granule pickering stabilization[J]. Food
Hydrocolloids, 2017, 63: 309-320.

[78]Rymaruk M. J., Thompson K. L., Derry M. J., et al. Bespoke contrast-matched diblock
copolymer nanoparticles enable the rational design of highly transparent pickering double
emulsions[J]. Nanoscale, 2016, 8(30): 14497-14506.

[791XI 4%, AR T, HEHIE. Pickering LR AE A AT Mk o (0 B FH 3E JE [3]. A4k T,
2017, 11, 1434-1441.

[80] Yoon K. Y., Son H. A., Choi S. K., et al. Core flooding of complex nanoscale colloidal
dispersions for enhanced oil recovery by in-situ formation of stable oil-in-water pickering
emulsions[J]. Energy & Fuels, 2016, 30(4): 2628-2635.

[81]Fujii S., And D. P. R, Armes S. P. Synthesis of polystyrene/poly
[2-(dimethylamino)ethyl methacrylate-stat-ethylene glycol dimethacrylate] core—shell
latex particles by seeded emulsion polymerization and their application as
stimulus-responsive particulate emulsifiers for oil-in-water emulsion[J]. Langmuir the
Acs Journal of Surfaces & Colloids, 2004, 20(22): 11329-11336.

[82] Brugger B., Rosen B. A., Richtering W.. Microgels as stimuli-responsive stabilizers for
emulsions[J]. Langmuir the Acs Journal of Surfaces & Colloids, 2008, 24(21):
12202-12208.

[83]Ngai T., Behrens S. H., Auweter H.. Novel emulsions stabilized by pH and temperature
sensitive microgels[J]. Chemical Communications, 2005, 3(3): 331-333.

[84]Moniruzzaman M., Sabey C. J., Fernando G. F.. Photoresponsive polymers: an
investigation of their photoinduced temperature changes during photoviscosity

measurements[J]. Polymer, 2007, 48(1): 255-263.

61



22 3CHk

[85]Chen Q., Feng Y. Zhang D., et al. Light-triggered self-assembly of a
spiropyran-functionalized dendron into  nano-/micrometer-sized  particles and
photoresponsive organogel with switchable fluorescence[J]. Advanced Functional
Materials, 2010, 20(1): 36-42.

[86]zhang L. F., Eisenberg A.. Multiple morphologies of crew-cut aggregates of
polystyrene-b-poly(acrylic acid) block-copolymers[J]. Science, 1995, 268(5218):
1728-1731.

[87]Li N., Wang X. G.. Hollow and vesicle-like aggregates of an amphiphilic azo random
copolymer bearing branched azobenzene side chains[J]. Acta Polymerica Sinica, 2013,
13(4): 549-555.

[88] Fil i . RAFT 73 HUR & 155 B A M & 90K B LR [D]. o E BB KA,
2017, 8(7).

[89] Charleux B., Delaittre G., Rieger J., et al. Polymerization-induced self-assembly: from
soluble macromolecules to block copolymer nano-objects in one step[J]. Macromolecules,
2012, 45(17): 6753-6765.

[90]Wang X., Zhou J., Lv X., et al. Temperature-induced morphological transitions of
poly(dimethylacrylamide)-poly(diacetone acrylamide) block copolymer lamellae
synthesized via aqueous polymerization-induced self-assembly[J]. Macromolecules, 2017,
50(56): 7222-7232.

[91]Kocik M. K., Mykhaylyk O. O., Armes S. P.. Aqueous worm gels can be reconstituted
from freeze-dried diblock copolymer powder[J]. Soft Matter, 2014, 10(22): 3984-3992.

[92] Lovett J. R., Derry M. J., Pengcheng Y., et al. Can percolation theory explain the gelation
behavior of diblock copolymer worms?[J]. Chemical Science, 2018, 10(1039):
7138-7144.

[93]Pauline B., Patricia B., Fran@is S., et al. Loop-stabilized BAB triblock copolymer
morphologies by PISA in water[J]. Polymer Chemistry, 2018, 9(89): 4483-4491.

[94]Jianbo T., Qin X., Yuxuan Z., et al. Room temperature synthesis of self-assembled AB/B

and ABC/BC blends by photoinitiated polymerization-induced self-assembly

62



RS (RO B 22 AR S

(photo-PISA) in water[J]. Macromolecules, 2018, 51(40): 7396-7406.

[95]Zhujun H., Teng Q., Huangbing X., et al. Surfactant-free visible-light-controlled
emulsion polymerization toward ABA-type amphiphilic triblock copolymers[J].
Macromolecules, 2018, 51(12): 7329-7337.

[96] Liangliang S., Huazhang G., Jinwen Z.. RAFT polymerization-induced self-assembly as a
strategy for versatile synthesis of semifluorinated liquid-crystalline block copolymer
nanoobjects[J]. ACS Macro Letters, 2018, 7(3): 287-292.

[97]Yuan Z., Guang H., Mengjiao C., et al. Influence of solvophilic homopolymers on RAFT

polymerization-induced self-assembly[J]. Macromolecules, 2018, 51(11): 4397-4406.

63



22 3CHk

BUEhn T F A HAE EIS R F R AR

1. Xiao-Li Sun, Dong-Ming Liu, Pan Wang, Jia-Lin Tan, Kang-Kang Li, Li Deng,
Wen-Ming Wan. Expanding the morphology library of block copolymer self-assemblies
with clews of tubules[J]. Chem. Commun., 2017, 53: 5005-5008.

2. Pan Wang, Jia-Lin Tan, Shuai Pei, Jun-Feng Wang, Yan Zhang, Xiao-Li Sun, Jun Zhang*.
Dual effects of cationic sufactant on the wormLike micelle formation of catanionic
surfactants mixtures: an experiment and simulation study[J]. Colloids and Surfaces A,

2017, 529: 95-101.

64



RS (RO B 22 AR S

B i

BT . % I, T L R . [ S R, B D
WA, B3 TR MBS, FIH TR ROAER, BAENK
Moo AL AL, A AR, AR LR B 5 R 5 R
fEdE, RITREH G WORRRAON, TR0 T TR,

R RRA PITR A HE . LIRS S T RGBT BB R i%, LR
AERBRUER ) T IR, ERAME AR LIRS T A SR . RN R
W15, SKEIMMARTTE, I3 SHIURE SO0k, HRA AT .
2 JEAR W2 AH, AR, B, T E MR RlmIE, 5747 IE.
FEE, I ST R 3 B A R R

TN . AR 2T, AERRIIESCR AT, TN BT O K B2 105 (4
W T 0T AR L. SSRGS HE B, BT 22
USRI IS, S R AR . e, VBT TR DA S

fEde, REU LI FITITRNARAF . ARG . R F R
IIXER OO FREY . JUEER AL ML . AT MV T B0 A ) 5 A A
0145 8 S R 2 e B A B (R R, R b BB AT, 5 R0
—BESR A, RAREIS K, AEREERRS H, I T A 075
11, HHAEE, DR, WY, R

BRI B, SIS A BI04 32 A iR SRR R, B
SR, SLRROAEEE AR CBRT Ik, RIS T R EIFL B 0 B R 0
7. AHBEECP P, RORIDEEE, BRER BT .

R MR, 7 NI, KR RRIEIE, Bt E B2
TSI T, R R AL

SEF, REWRIRE, ¥ EEBAR T, FBBERL I LR,
AAHEE. R, BT, S SRR, RSN, Fok
AT, ERRATHIHE 577

65



