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Research progress on physical stimuli-responsive wor mlike micelles
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Abstract: Physical stimuli-responsive wormlike micelles, a system of vermicular micelles whose
microstructure changes obviously under the stimulation of physical factors such as light, temperature,
magnetic field and ultrasound, have distinct advantages such as non-invasiveness, ease of operation,
environmental friendliness, and more in line with the contemporary green development concept. Herein, the
fabrication strategies, responsive mechanisms, and rheological properties of physical stimuli-responsive
wormlike micelles [Light response type, temperature response type, externa force field (magnetic,
electrical, ultrasonic) response type, multiple physical stimuli response type wormlike micelles] were
reviewed. The progress and achievements in the application of physical stimuli-responsive worm-like
micelles were then introduced. At present, the research of physical stimuli-responsive wormlike micelles
mainly focuses on the system construction and basic theory, and the construction method is still dominated
by the inefficient trial and error method, while the relevant application development is still in the laboratory
stage. Finally, it was pointed out that in the future, the research of physical stimuli-responsive wormlike
micelles should focus on the combination of artificial intelligence technologies such as big data simulation
and machine learning to develop efficient, low-cost and large-scale synthesis methods of physical
stimuli-responsive wormlike micelles, and explore their performance changes and response characteristics
in field implementation to provide theoretical basis and technical support for their large-scale production
and application.
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Fig. 3 Molecular structure of C,,-azo-C;, isomers (a);
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Fig. 4

Schematic diagram of photoresponsive behavior of photoresponsive fluid consisting of CTAB and OMCA (a);

Photographs of 60 mmol/L CTAB/50 mmol/L OMCA sample before and after UV irradiation (b); Viscosity vs. shear
rate plots for 60 mmol/L CTAB/80, 50 and 30 mmol/L OMCA mixtures before (left) and after (right) UV irradiation
for 30 min (c); SANS patterns of 5 mmol/L CTAB/5 mmol/L OMCA mixture before and after 30 min of UV
irradiation (d)i®
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Fig. 5 Molecular structure of Lecithin and PCA (a); Photographs of Lecithin/PCA aqueous solution before and after

ultraviolet light irradiation (b); Steady-shear rheology of Lecithin/PCA before and after ultraviolet light irradiation for
varying periods of time (c); Change of 7o of Lecithin/PCA sample in six different organic solvents, before and after
ultraviolet light irradiation for 30 min, the red sphere represents the absence of ultraviolet light exposure to the
Leithinin/PCA solution, and the purple sphere represents the exposure of the Leithinin/PCA solution to ultraviolet
light, P, represents n(PCA)/n(Lecithin) (d)!*®
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Fig. 6 Molecular structure of EDAB and OMCA (a); Photographs of EDAB/OMCA aqueous solution before and after UV
light irradiation (b); Zeta potential variation curves of EDAB/OMCA solutions before and after UV light irradiation
(c); SANS patterns for EDAB/OMCA solution before and after UV light irradiation for 30 min (d) 2
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Fig. 7 Molecular structure of Akypo (a); Effect of temperature on 7,4 of Akypo solutions with different Akypo mass
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Fig. 12 Variations of 7o and 7z of RigHTAB/NaOMCA solution
with pH (a); Cryo-TEM images of 80 mmol/L
R16HTAB/trans-NaOMCA (40 mmol/L) solution at
pH=4.68 (b), pH=6.35 (c), pH=6.77 (d) and

pH=8.44 (e)!*®

VW pH [E%ETE 6.08, 24 M 20 °CTH2E 30 °C
A, 80 mmol/L RigHTAB/trans-NaOMCA (40 mmol/L )
VW EEE M 50 Pas T % 225 Pas (1€ 13), Bl
IRBEEI TS, trans-NaOMCA 5 RigHTAB 4[] 14
AW, trans-NaOMCA HE T % A H#i#x A F
RisHTAB 1k #8EE A1 Z 0], 1870 T RigHTAB Sk (1]
B R CHE R AR, R AR R R R AR K,
RisHTAB/trans-NaOMCA 1%k i it bifi 25 15 T 7= 1
WK, BEE RIS T, IR REL,

300

250 |

200

n/(Pa-s)
&
(=]
u..-. -
L !

100 -

50—-‘

a/°C
Kl 13  7¢ pH=6.08 i} 80 mmol/L R;gHTAB/trans-NaOMCA
(40 mmol/L ) i T30 76h 1 Bl R 1 19 2% Ak phy 221591
Fig. 13 Change curves of viscosity of 80 mmol/L RigHTAB/

trans-NaOMCA (40 mmol/L) solution with
temperature at pH=6.08'®

SHMEIATT, 2 H AR AR B I 2544
e AZ] RigHTAB HH 11155 RigHTAB SkJE[R] i
HEFRAE , A 85 HOR B SR AT A%, AT 80 mmol /L
RicHTAB/trans-NaOMCA ( 40 mmol/L ) IR JEILH
FhoibE M. 24 RiHTAB/NaOMCA 14 T 2 #5 1R 4
AP, NaOMCA 5575y Je Uttty , HOR A7
oA e Wl —0iE, 30T Fras iR, RO
A0 A L A EERR BN A BE IR A B RigHTAB IR H,
SEE AR 4R %, BTl 80 mmol/L RigHTAB/NaOMCA

(40 mmol/L ) (RRTELIMNEHE T, HIRAH &

(G", K 14a) DIKFE (K 14b) K2k T,
IR AMER R, fE pH=6.08 fl 6.14 (IIE LT, I
WAL 0l &2 E G R ATH) 50%, HoAYGREE R,
trans-NaOMCA e 435675 =X, cis-NaOMCA .

a 30

ng”«—l—* UV-1—|+ After UV <—

0 400 800 1200
Time/s
—a— pH=6.08 —e— pH=6.14 —a- pH=7.88

Before K

.
UV4'|—>»UV -« |—> uv -«

b 600

400 -

n/(Pa-s)

200

0 400 800 1200
Time/s

K 14 80 mmol/L RigHTAB/trans-NaOMCA ( 40 mmol/L )
RAEWAEANT pH T B GFEEIMEIRE T 973
fb#a# (a); AR pH F 80 mmol/L RyHTAB/
trans-NaOMCA (40 mmol/L ) IR-& IR TE 240

MRS MR E (D) Y
Fig. 14 G of 80 mmol/L RygHTAB/trans-NaOMCA (40 mmol/L)
at different pH with time before and after UV
illumination (a); Viscosity changes of 80 mmol/L
R1gHTAB/40 mmol/L trans-NaOMCA at different
pH before and after UV illumination (b)®®

JORA ZBIIFI ] PAG., CTAB 5 1,2-— ¥4t
7% (DHB) ( ¥l 15a) #4#: 7 —Fh pH F1E X EE i i
R HUR AR 2R o M4 52 57 31 58 A6 BE S (]
15b ), PR Z (A% B B 2 6 R ) B4 2E 2R 8 K
HES 400 min J& , 7 ZE BEARAS TORIRETIG R T 2
AECEY, R PAG 78 L AMGHITT S fi i 2
(IB) MR (BA) ([ 15a), SBUARM pH
M 7.0 BEZ 3.5, MG BA &—MA LR
( pK=4.3), £ pH=3.5 i} &4 BA ( it 534k 10% )
FEFTAIRE, W55 T CTAB 43 1-Ial i s HE)+
ER, fReMiss ek A& . b4, 1B Fl BA Bigds
T DHB fk2E3, A FT DHB ik A F| CTAB i
wrp, R AR



% 634 OB, S Wy BRI N A6 R R SR 5 i « 1207 +
b 390 min ®o0
a I OH 330 min...'.'...‘
H/Ni- Br 270 min ..........!"
15 H 1x10" E 210 min @g ) ’
X E 180 min

CTAB 1,2-dihydroxybenzene (DHB) x g

7 wwwnuuunun.

OH g 120 min  @00e0e09®0eges

OH s 90 min .M.

1x102 | 60 min 0geeeeeee®®0egy
I F

;{:> u 30 min ggeeeeees®®ege

Photoacid generator (PAG) 0 min ©0000000000%%eee

1 1 vl B TET | AR

1x107" 1x10° 110!
Shear rate/s™
¢ ek CTAB, DHB, IB, BA
| OH E
15 H E
1x107 E
1 2 3
1x107
1102 F
™ CTAB, DHB
Benzoic acid (BA) Todobenzene (IB) 1x10% | ' 1 | | ) \ | |

1
2 3 4 5 6 7 8 9 10 11 12 13
pH

K115 CTAB. DHB. PAG. BA F1 1B 7> T45th (a); AL X &4 CTAB. DHB. PAG MR FR A T AL TR Y
50 (b); CTAB, DHB. 1B, BAFRIRAWTEAR pH Ty no stk (c) B

Fig. 15 Molecular structures of CTAB, DHB, PAG BA and IB (a); Effect of UV irradiation on steady rheology of sample
containing CTAB, DHB and PAG (b); Change curves of 7, of CTAB, DHB, IB and BA solution mixture at different pH ()™

MR pH M 6 14 % 9, CTAB/DHB AT 1Y
noEKT 5 AR (K 15c), KNBEE % pH
By K, DHB £k, MAEE F5A8 B & FIE
2, WS CTAB SLEE M FFHEAER , MR AR,
T R BUONFEE R

T 52 i OO ) £ i, T — b BB A T AR S 4
F (TriBAzoEO ), Hip/KLFJ A LMk g K 2
B v g AR FE AL 3 BT T TriBAZOEO 435 il i
A 0 e PR L BRI, FE AN R AR
TriBAZoEO H ()4 S 2R ik A1 M iz =) U 2 735 Sy I =
Fg#Y 55 TriBAZoOEO I HUMR I A5 A8 M ERTE ISR
{H i TR T L TriBAZOEO 43> [RIAE7E &L 5 14
m-m ME AR SRR 2 [ 2 B, S 80mT OB e 4
ol A SRR S 2 S R 5, R i S B R 5
Wi . TR TriBAZOEO ¥ ik HL A& R B o P, 31X
S R A LTk 3 5 7K 4 ) SRR R AR Ak 5|
T 1Y) o T 2 1) 55 S0 FAIK TriBAZoEO 11 5E K P
2 A HOPR B R — 25 AR, SR IR TR A 2 B 1
TIPSR R FRACIERE, W) TriBAZoEO 1Y5%
pI S LI RO A AL/ I NP S 1 2 (1

Ak, 5 o R R PRI A L, £
) 98 e 7 75 2 T 2 ) T ) e S BT U K B R S

KK IR, MRS [ A . A AT O A
PEAT ORI B . PRI, IR SRS PR A L)
B2, RIS A A IR A oK o (H H AT
22 o 7 R SR T MR A I TR R A A
0 SEAEBE , Xk AN [ 8 P9 ) B o O A L b
[V TR 30 T R AR 2R o 25 0 ol oy 28 0 R
JBE S B8 A SR A 5 T 1) o7 3 T T ok A 3 A o E
MR AR, IR M Aefe, WABE . ot
BUROAFETERE . [RIME, 3 I 5 2 BRI 1 A i
SRR JBE TR 149 AN [) 30 8o 17 A7 g i) ) R P e
P, DU S 2 Tl AR IS BRI oK

2 D3R R R0 S B A IR R SR Y N

21 WMSEH

FEM IR RE AR, il A4 2 M 1T 2%
ERAWZ, wfgib DR HAESaIR T2, HAR
FHPREE 22 22 17 ph ARl 390 e P SRR 10 28 A B AR
PCRE R i 7 AL BE A P A o PR o 17 2R G Hhe AR o
Jeisf R AR, ShASEE A A, S
FEERE M “Ehakpt” B “ESENT AR,
DRI 3 RS T L TR 55 07 T RAT B R B8 B2 T 5
o XA S CUA NN R O R L 6 R



- 1208 -

A% @m & T FINE CHEMICALS

5 42 %

B BT — L e 17 B SECBR i SR Tl R (TDL ),
TDL Sk, JE Rt e e, <65 °Chf, BE
TP R AP R RS ARE M, SEBUK IR IE X A A
BUEYE, >80 °C, REEMIR AMASREME, KEHHE
AR, R, PEIRAIAE
22 EiEF~

T R A R ROK R R S, B Ak
Rl XHEEGE AN R TR, SRS AR
FERIAATT, HEZUR K . REE MR LD 8
BB, T RS R S pH . TRE
GBEAE, I HAT RER R KRR pH SR
£ S o 1 PR R AR (A A AR R A 2
e, FRE B IR/ | T R BY B 25 5 ] A
WFFE KN, 3 ) T R 2R P s g kR kL Cn
YK SiO,. TiO,. WRAIKE S ), WA RN E 2R
B R MR TR A R, A T fige e 28 AR Vs i 11 10
IR, AR R KA R R 2l v 5 W B L s BR
)2 | R IRHES S MK B e K, T
YRV A 5 IAURS: o e 0 i g 764 stk bR S oA 570 114 5
T S 20 T FE e A R G i E TS H—d
B TR SLR R AR R s Ty I, o S A Y
iSRG Y e, W 22 Mat, $m im0
Fefe. HAERZE T4 5, B #imiE .,
ek R 6 7o P e 75 ERCBR i o [ 3 = R
STHLE S G R A F o 0 : LUO 2515971 ] Fey04
WETEAN AL T (FE-NPs) BAC3E i R 4 7 T A B s
FHEEEFIA R PERE . 45 B, BN T BRI
A 20 DK~ T 348 i e ERCER R TR R M R e 1
FEJE OB B 5 )t I ARG, P 0 e ) 85
HOPR e o s B A R
23 X£¥ER

TEAEY L 2, B ol m] e AR e 2
Y, $RFEKPE L W A . i HOIR IR R T
R R, R E TEER AR, HimfE
[ SRR AR T, 0 HOCHR B o 1 2820 et 2 BROP i ol
f9 0.5 518 g s g 7 A5 ek o U T s it
BB A | RS PR F AR R AE R 7 X
WUAE AR LG, ol 245 4 A 0 BN R) R AR S A6 R
T A G, SCELAIR E A ER, E R
PR, X RE R O Se E IER AA, SRT b
25, WA RIER, eI RCR S
G, BLAN, B iy A i R R SR A T
FHFALUTRE, il 5 e o B HOfR e ok 5 5
TR (—FhE W vk Es g i) ) 454, B RJR
PERCEEIR A1, TEWIR MR G THR 2 RET, A
RECAEREECIRAS , AT T 41l v R G A7 %9

24 tiEEE

PTG PR RS R H AR —FP &P . R
[ LR RV IRCE L Ny e N (E W d S TR K | o
0 R A PR ) E R AR A, B v RN R K
() R e R R T TS TR RN TR 2%, AR A e R I
() J E b o 0 B R i o7 7R R B SRk i ke |
AR AT T A A R 5, R B e
Joy R0 PR B ARORS W 6 B ey i, Sl AR
FARE TS Gyl B R B, 2B L H Y
FELL T HARE RIS, I HCR I 58, BCH
BLTG YL, T S 30 2 1 i 2 7 %) TSR

3 Z£RIBS5REE

HREET pH 1 [0 5 BRI SR 45 A 2 A 8 7
RUPR 2R, Ay B ) 50 7 2 s HRCHR e oL TR AR A
TR, TN G Lk @R A R,
WS 2021 A4 Ay (RIS PERI T
TR KRR L) AR A ok A A
sty I e BRAITARL ™ it O R RERE D 0K o

SRS Wy SRR 2 0 R S A 1 22 4
B T EORBINI I Sy, AR 2 SE oy K HAR I 5
RIAT BRI, 55 NLATR 2 05 AT IR AW«

(1) EIRI, sl o 1o 70 a5 HOR RS A F 5
FEAE AR R AR RS -, NI R
AbTFcsR A BB, AR BYBIEST N B 5 ) B
M J57 75 A5 ERR S oA B A7 S it v ) 2 B A A -5 0 1
Rk, h R S B B R 7 R AT R S SR 4 R
BN PR AR SR

(12) AE5E Py SRR v 7 252 s ER R T o o] 558
WEAFAEAP IR A . BRI . R . FEIHR AR R
M, MELUREUREA: 7 o fEARSR BT R, Wy B
RUEE SRR A TF & B 5 N TR RE . Bldsse ]
HgEG, @ blaesd EFB, B Y EE
7 TR 0 FRCPR B SR AR IRA | R & T i o

S 3k

[1] DREIESSCA.Wormlike micelles: Advancesin systems, characterization
and applicationg/M]. Cambridge: The Roya Society of Chemistry, 2017.

[2] CATES M E, CANDAU S J. Statics and dynamics of worm-like
surfactant micelles[J]. J Phys: Condens Matter, 1990, 2(33): 6869-6892.

[3] APPELL J, PORTE G Polymerlike behavior of giant micelles[J].
Europhys Lett, 1990, 12(2): 185-190.

[4] CATES M E, FIELDING S M. Rheology of giant micelles]J]. Adv
Phys, 2006, 55(7): 799-879.

[S] MAGID L J. The surfactant-polyelectrolyte analogy[J]. J Phys Chem
B, 1998, 102(21): 4064-4074.

[6] APPELL J, PORTE G KHATORY A, et al. Static and dynamic
properties of a network of wormlike surfactant micelles[J]. J Phys B:
At Mol Phys, 1992, 2(5): 195-217.

[77 GRANEK R, CATES M E. Stress relaxation in living polymers:



%6 M T+

WL, S W R e 7 7 BT ORI SRR S

* 1209 -

8l

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(17

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[29]

[26]

[27]

[28]

Results from a Poisson renewa model[J]. J Chem Phys, 1992, 96(6):
4758-4767.

MESSAGER R, OTT A, CHATENAY D, et al. Are giant micelles
living polymers?[J]. Phys Rev Lett, 1988, 60(14): 1410-1413.
REHAGE H, HOFFMANN H. Viscoelastic surfactant solutions:
Model systems for rheological research[J]. Mol Phys, 1991, 74(5):
933-973.

EZRAHI S, TUVAL E, ASERIN A. Properties, main applications and
perspectives of worm micelles[J]. Adv Colloid Interface Sci, 2006,
128(2): 77-102.

HU R Z, TANG S F, MPELWA M, et al. Research progress of
viscoelastic surfactants for enhanced oil recovery[J]. Energy Explor
Exploit, 2021, 39(4): 1324-1348.

SHABAN S M, KANG J, KIM D H. Surfactants. Recent advances
and their applications[J]. Composites Communications, 2020, 22:
100537-100549.

CHU Z, DREISS C A, FENG Y Y. Smart wormlike micelles[J].
Chem Soc Rev, 2013, 42(17): 7174-7203.

ZHANG Y M (37K ), GUO Z R (#R%E), FENG Y J (5 R %),
et al. Smart wormlike micellar systems[J]. Progress in Chemistry (1
2¢ 1), 2011, 23(10): 2012-2020.

ZHANG Y M, FENG Y J, WANG J Y, et al. COp-switchable
wormlike micelles[J]. Chem Commun, 2013, 49(43): 4902-4904.
ZHANG Y M, FENG Y J WANG Y J, et al. COp-switchable
viscoelastic fluids based on a pseudogemini surfactant[J]. Langmuir,
2013, 29(13): 4187-4192.

SU X, CUNNINGHAM M F, JESSOP P G Switchable viscosity
triggered by CO, using smart worm-like micelles[J]. Chem Commun,
2013, 49(26): 2655-2657.

CHU Z L, FENG Y J. pH-switchable wormlike micelles[J]. Chem
Commun, 2010, 46(47): 9028-9030.

QIU L W, SHEN Y D, WANG C. pH- and KCl-induced formation of
worm-like micelle viscoelastic fluids based on a simple tertiary
amine surfactant[J]. J Pet Sci Eng, 2018, 162: 158-165.

LIN Y Y, HAN X, HUANG J B, et al. A facile route to design
pH-responsive viscoelastic wormlike micelles: Smart use of
hydrotropes[J]. J Colloid Interface Sci, 2009, 330(2): 449-455.
ZHANG JY, XU Q Q, WANG F, et al. pH and redox dual-stimulated
wormlike micelles based on cystamine and conventiona anionic
surfactant[J]. Langmuir, 2019, 35(47): 15242-15248.

ZHANG Y M, CHEN Z Q, ZHAO Y. Viscoelastic micellar solution
formed by a Se-based ionic liquid surfactant and its response to redox
changes[J]. Phys Chem Chem Phys, 2019, 21(27): 14734-14744.
ZHANG D M, ZHANG M M, CHEN C H, et al. Responsive
wormlike micelles from oleoyl sarcosine triggered by pH and
temperature[J]. JMol Liqg, 2023, 385(1): 122342-122351.

CHU Z L, FENG Y J. pH-tunable wormlike micelles based on an
ultra-long-chain "pseudo” gemini surfactant[J]. Soft Matter, 2015,
11(23): 4614-4620.

ZHAO C, XIE D H, SONG B L, ef al. Worm-like micelles constructed
by "pseudo" tetrameric surfactants containing azobenzene groups{J].
JMol Lig, 2020, 316(10): 113847-113853.

WOLFF T, EMMING C S, SUCK T A, et al. Photorheological
effects in micellar solutions containing anthracene derivatives: A
rheological and static low angle light scattering study[J]. J Phys
Chem, 1989, 93(12): 4894-4898.

BUTLER C S, KING JP, GILESL W, ez al. Design and synthesis of
an azobenzene-betaine surfactant for photo-rheological fluids[J]. J
Colloid Interface Sci, 2021, 594(15): 669-680.

SONG B L, HU Y F, ZHAO J X. A single-component photo-
responsive fluid based on a gemini surfactant with an azobenzene
spacer[J]. J Colloid Interface Sci, 2009, 333(2): 820-822.

[29]

(30]

(31]

(32

(33]

(34]

(39]

(36]

(37]

(38]

(39]

[40]

[41]

(42

(43]

[44]

[49]

[46]

[47]

(48]

KUMAR R, RAGHAVAN S R. Photogelling fluids based on light-
activated growth of zwitterionic wormlike micelles[J]. Soft Matter,
2009, 5(4): 797-803.

TUY, YEZ C, LIAN C, et al. UV-responsive behavior of multistate
and multiscae self-assemblies constructed by gemini surfactant
12-3-12¢2Br™ and trans-O-methoxy-cinnamate[J]. Langmuir, 2018,
34(43): 12990-12999.

LI HY, LIN Z G CHEN Z, et al. Wormlike micellar solutions
formed by an anionic surfactant and a cationic surfactant with two
head groups[J]. Colloids Surf A, 2020, 20(5): 978-984.

OH H, KETNER A M, HEYMANN R, et al. A simple route to fluids
with photo-switchable viscosities based on a reversible transition
between vesicles and wormlike micelles]J]. Soft Matter, 2013, 9(20):
5025-5033.

EASTOE J, DOMINGUEZ M S, WYATT P, et al. Properties of a
stilbene-containing gemini photosurfactant: Light-triggered changes
in surface tension and aggregation[J]. Langmuir, 2002, 18(21):
7837-7844.

EASTOE J, DOMINGUEZ M S, WYATT P, et al. UV causes
dramatic changes in aggregation with mixtures of photoactive and
inert surfactants]J]. Langmuir, 2004, 20(15): 6120-6126.

REIFARTH M, BEKIR M, BAPOLISI A M, et al. A dud pH- and
light-responsive spiropyran-based surfactant: Investigations on its
switching behavior and remote control over emulsion stability[J].
Angew Chem Int Ed, 2022, 61(21): 5806-5013.

KETNER A M, KUMAR R, DAVIES T S, et al. A simple class of
photorheological fluids: Surfactant solutions with viscosity tunable
by light[J]. JAm Chem Soc, 2007, 129(6): 1553-1559.

SHI H F, WANG Y, FANG B, et al. Light-responsive threadlike
micelles as drag reducing fluids with enhanced heat-transfer
capabilities[J]. Langmuir, 2011, 27(10): 5806-5813.

KUMAR R, KETNER A M, RAGHAVAN S R. Nonagueous
photorheological fluids based on light-responsive reverse wormlike
micelles[J]. Langmuir, 2010, 26(8): 5405-5411.

SUN K, KUMAR R, FALVEY D E, et al. Photogelling colloidal
dispersions based on light-activated assembly of nanoparticles]J]. J
Am Chem Soc, 2009, 131(20): 7135-7141.

LAIDLER K J. The development of the arrhenius equation[J]. J
Chem Educ, 1984, 61(6): 494-498.

DREISS C A. Wormlike micelles: Where do we stand? Recent
developments, linear rheology and scattering techniques[J]. Soft
Matter, 2007, 3(8): 956-970.

YAN Q F (/™ #fJ7). Properties and applications of nonionic
surfactants[J]. Guizhou Chemical Industry (514 T), 2005, 30(5):
4-7,22.

PATEL A, RAY D, PARESH P, et al. Unveiling the microstructures
of micelles from polyoxyethylene alkyl ether-based multi-responsive
nonionic amphiphile[J]. Colloids Surf A, 2011, 630(5): 127531-
127541.

KALUR G C, FROUNFELKER B D, CIPRIANO B H, et al.
Viscosity increase with temperature in cationic surfactant solutions
due to the growth of wormlike micelles[J]. Langmuir, 2005, 21(24):
10998-11004.

CHU Z L, FENG Y J. Thermo-switchable surfactant gel[J]. Chem
Commun, 2011, 47(25): 7191-7193.

ZHANG Y M, ZHOU D P, RAN H Y, et al. Rheology behaviors of
Cyo-tailed carboxylbetaine in high-sainity solution[J]. J Dispersion
Sci Technol, 2015, 37(4): 496-503.

WANG J, FENG Y J, AGRAWAL N R, et al. Wormlike micelles
versus water-soluble polymers as rheology-modifiers: Similarities
and differenceq J]. Phys Chem Chem Phys, 2017, 19(36): 24458-24466.
KUMAR R, KALIUR G C, ZISERMAN L, et al. Wormlike micelles



- 1210 -

A% @m & T FINE CHEMICALS

5 42 %

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

of a Cy-tailed zwitterionic betaine surfactant: From viscoelastic
solutions to elastic gels[J]. Langmuir, 2007, 23(26): 12849-12856.
WANG P X, KANG W L, YANG H B, et al. The N-allyl substituted
effect on wormlike micelles and salt tolerance of a Cx,-tailed cationic
surfactant[J]. Soft Matter, 2017, 13(40): 7425-7432.

HANY X, FENGY J, SUN H Q, et al. Wormlike micelles formed by
sodium erucate in the presence of a tetraalkylammonium hydrotrope
[J]. I Phys Chem B, 2011, 115(21): 6893-6902.

FENG Y J, HAN Y X. Effect of counterion size on wormlike
micelles formed by a Cy-tailed anionic surfactant[J. J Mol Liq,
2016, 218: 508-514.

YIN Q, TIAN Q, DOUTCH J, et al. An insight into the thermo-
thickening behavior of wormlike micellar solutions based on ultra-
long-chain surfactants[J]. Phys Chem Chem Phys, 2022, 24(18):
11112-11123.

YUSOF N S, ASHOKKUMAR M. Ultrasonic transformation of
micelle structures: Effect of frequency and power[J]. Ultrason
Sonochem, 2015, 24: 8-12.

DOU J K, YANG R Q, DU K, et al. A genera method to greatly
enhance ultrasound-responsiveness for common polymeric assemblies
[J). Polym Chem, 2020, 11(19): 3296-3304.

WANG J G, JANG L, HUANG W Y, et al. Ultrasonic responsive
nanostructures prepared by self-assembly of polymeric single-chain
nanoparticles]J]. Mater Res Innovations, 2021, 26(3): 182-188.
PLETNEVAV A, MOLCHANOV V S, PHILIPPOVA O E. Viscodadticity
of smart fluids based on wormlike surfactant micelles and oppositely
charged magnetic particles[J]. Langmuir, 2015, 31(1): 110-119.
DOROSTI A H, GHATEEA M, NOROUZI M. Preparation and
characterization of water-based magnetorheological fluid using
wormlike surfactant micelles[J]. J Magn Magn Mater, 2020, 498:

(58]

(59]

(60]

(61]

(62

(63]

(64]

(65]

166193-1166199.

LIU Q, LYU D M, ZHANG J H, et al. Triple-responsive wormlike
micelles based on cationic surfactant and sodium trans-O-
methoxycinnamic acid[J]. JMol Liq, 2021, 324: 114680-114690.
JORA M Z, SABADINI E, RAGHAVAN S R. Light-triggered
rheologica changesin a system of cationic wormlike micelles formulated
with aphotoacid generator[J]. Langmuir, 2020, 36(45): 13408-13414.
HU Z Q (#5%5#), LU S (F}%), DONG JF (#4:X\), et al. Effect of
microscopic interactions on the evolution of structures in peptide
self-assembly process: A molecular dynamics study[J]. Scientia
Sinica Chimica ("' E R4 1b2%), 2023, 53(7): 1265-1274.

LIU J J (XIfmZ), DONG Z L (FIE5E), MA W J (S EH#).
Synthesis and evaluation of anovel temperature responsive wormlike
micellar plugging agent[J]. Chin J Synth Chem (& Jifk¥), 2023,
31(2): 85-92.

DU D J (F:AR%), FANG Z Z (J5#l), ZHANG Y Y (FEVE),
et al. Preparation and properties of responsive channeling prevention
system for tight oil reservoir CO, flooding[J]. Fine Chemicals (14l
1LT.), 2024, 41(5): 1135-1142.

LUOML, SI XD, LI M Z, et al. Experimental study on the drag
reduction performance of clear fracturing fluid using wormlike
surfactant micelles and magnetic nanoparticles under a magnetic
field[J]. Nanomaterials, 2021, 11(4): 885-891.

CAl S S, VIJAYAN K, CHENG D, et al. Micelles of different
morphologies-Advantages of worm-like filomicelles of PEO-PCL in
paclitaxel delivery[J]. Pharm Res, 2007, 24(11): 2099-2110.
MITCHELL D E, LOVETT J R, ARMES S P, et al. Combining
biomimetic block copolymer worms with an ice-inhibiting polymer
for the solvent-free cryopreservation of red blood cells[J]. Angew
Chem Int Ed, 2016, 55(8): 2801-2804.

(E#% 1196 )

[59]

[60]

[61]

[62]

[63]

[64]

REN J X, YANG G C, DENG X C, et al. A tryptamine-based DOPO
derivative as a flame retardant for epoxy resingJ. Polymer
Degradation and Stability, 2023, 218: 110595.

MA R (%%), REN B (fE#), CHEN Y Q (& 4), et al. Synthesis
of vanillin-derivedhosphorus-containing Schiff base flame retardant
and EP application[J]. New Chemical Materials (k. T Ik1H,
2023, 52(3): 267-272.

ZHANG C (3K/=), LI X T (2%, DING M H (T HIH), et al.
Preparation and properties of PhN-DOPO modified epoxy resin[J].
Fine Chemicals (f§4l{L T-), 2024, 41(11): 2522-2530.

DU Y G SHI G H, WANG J M, e al. Influences of POSS-E-GO
content on mechanical properties of bio-based epoxy/DOPO-POSS
nanocomposites]J]. Journal of Wuhan University of Technology-
Mater Sci Eng Ed, 2022, 37(4): 765-772.

Ql Y Z (tBEEMH), XU S J (HHATL), HOU Z M (%), et al.
Synthesis of phosphaphenanthrene derivative and flame retardancy
and thermal degradation behavior of epoxy resin composites[J].
Polymer Materials Science & Engineering (&4 T RHRk2#5 T
), 2023, 39(5): 50-58.

WANG J J (ERA). Synthesis of multi-element synergistic and
environmentally friendly flame retardants and its application in
epoxy resin[D]. Wuhan: Wuhan Ingtitute of Technology (X T2 K
2¢), 2022.

(65]

(66]

(67]

(e8]

(69]

(70

SUN Y L, WANG Z Q, WU D Q, et al. A phosphorus-containing
flame retardant with thermal feature suitable for polyamide 6 and its
filaments with enhanced anti-dripping performance[J]. Polymer
Degradation and Stability, 2022, 200: 109936.

HUA'Y F, SUN J, JJANG SL, et al. Synthesis of a DOPO derivative
to improve the fire safety and mechanical performance of epoxy
resin[J]. Macromolecular Materials and Engineering, 2023, 308(5):
2200565.

WU T, YANG F H, TAO J, et al. Design of P-decorated POSS
towards flame-retardant, mechanically-strong, tough and transparent
epoxy resing[J]. Journal of Colloid and Interface Science, 2023, 64:
864-876.

PENG C H, CHEN T, ZENG B R. Anderson-type polyoxometal ate-
based hybrid with high flame retardant efficiency for the preparation
of multifunctional epoxy resin nanocomposites|J]. Composites Part
B: Engineering, 2020, 186: 107780.

WANG R Z (£5¢E), TONG Z Y (GEHE), ZHANG Y (K H), et al.
Progress on transition metal compounds in the flame retardance of
polymer[J]. New Chemical Materials ({£ T 414}), 2022, 50(2):
42-46.

KONG QH (fLEK4L), HUANG S (i Jill), CHAI H Y (4H4E), et al.
Flame retardancy of DOPO modified by zinc phytate coated with
schiff base in epoxy resin[J]. Fire Science and Technology (7 Bi%h
F5HR), 2023, 42(9): 1280-1286.



