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Abstract

Abstract

Surfactants are widely used in industrial and agricultural production and daily life. However,
most of the surfactants after using are discarded or even dispersed directly into the natural
environment, which not only increases the environmental burden but also wastes valuable
petroleum-based carbon resources. Therefore, highly efficient recovery of surfactants is one of the
common problems in the field of surfactants. Switching surfactant provides the possibility to solve
the above problems. In the case of aqueous solution system, if the “on” and “off” states of some
switching surfactant correspond to the forms of “dissolution” and “solid precipitation”,
respectively, called precipitation-solution-type switching surfactant (PDSS), which will certainly
contribute to the recovery and reuse of surfactants. Therefore, in this paper, sodium 3-
laurylaminopropanesulphonic acid (LMPS) with secondary amine group was selected as the object
of investigation, and the pH switching property of secondary amine group was fully utilized to
make it reversible between anionic surfactant LMPS (open state, dissolve state) and amphoteric
internal salt 3-laurylaminopropanesulphonic acid (LMP, closed state, precipitate state). Using
quartz sand contaminated with tetradecane and polycyclic aromatic hydrocarbons (phenanthrene)
as models, the removal of tetradecane or phenanthrene (Phe) by LMPS water solution from the
surface of quartz sand was investigated. Furthermore, the possibility of recovery of LMPS,
tetradecane and Phe and reuse of LMPS were investigated. Within the experimental research scope
of this paper, the main results and conclusions are summarized as follows:

(1) Synthesis of LMPS and pH switching properties

LMPS was synthesized by dodecylamine and 1, 3-propyl sulfonolactone (yield 76.3%). The
molecular structure of LMPS was verified by '"H NMR, ESI-MS and FT-IR. The purity of LMPS
was determined to be 98.3% by two phase titration.

By investigating the Krafft temperature (Kr), surface tension (y) and interfacial tension (IFT)
of LMPS as a function of pH, the pH switching window of LMPS was determined to be 7.5-12.5.
When pH=12.5, Kt of LMPS was about -0.5 °C, the critical micellar concentration (cmc) was
about 8.7x10* mol-L"! (surface tension method), yeme Was about 35.8mN-m™', and IFTeme was
about 4.9mN-m™', which indicated that LMPS is one of the typical water-soluble anionic
surfactants at pH=12.5 with the properties of micelles formation, good foaming and emulsification.
When pH=7.5, LMPS was converted to LMP. At this time, the Kt of LMP was higher than 95 °C,
and the solubility in aqueous solution was 4.89x107 mol-L™. y was about 56.5 mN-m™!, IFT was
about 23.8 mN-m™'. And LMP aqueous hasn’t micellar formation, foaming and emulsifying ability
were poor, couldn’t reduce the surface tension value of water to 20 mN-m!, which did not have
the characteristics of typical surfactants.

(2) Emulsification performance of LMPS and pH response of emulsion
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When pH=12.5, 2 mmol-L"' LMPS could emulsify the water-n-hepthane mixed system into
O/W emulsion. The particle size of the emulsion showed Gaussian normal distribution, and the
central value was about 17.4 um. The emulsion has good stability and could be stable at room
temperature for at least 30 days.

When the pH of emulsion was reduced from 12.5 to 7.5, the emulsion was rapidly demulsified
to oil-water separation. LMPS were transformed into LMP, which were insoluble in the water
phase, n-heptane, tetradecane, vegetable oil and other oil phases, and suspended in the oil-water
interface. When pH increased from 7.5 to 12.5, LMP changed into water-soluble LMPS again, and
homogenized emulsion was formed again. After nine cycles, the emulsion still maintained good
stability and particle size increased slightly (about 20.6 um).

After the emulsion was demulsified (pH=7.5), about 94.4% of LMP was suspended in solid
precipitation at the oil-water interface, and about 3.1% of LMP was dissolved in the water phase,
and the content of LMP in the oil phase was lower than 2.5%. If the pH of the water phase was
adjusted back to 12.5 after demulsification without homogenization, the content of LMP in the oil
phase was further reduced to under 0.7%.

(3) LMPS enhanced soil washing and recovery from eluents

The quartz sand contaminated with n- tetradecane (15 g/30 g sand) and Phe (3.5 mg/5 g sand)
was washed with 150 g (1.0x102 mol-L™") and 100 g (0.5wt%) LMPS solution, respectively. The
removal rates of n-tetradecane and Phe on the surface of quartz sand were higher than 99.5%,
indicating that LMPS has good washing ability.

When the pH of the eluent was reduced from 12.5 to 7.5, the recoveries of tetradecane and
LMPS were about 94.8% and 99.5%, respectively. After four reuses of the recovered LMPS, the
recoveries of tetradecane and LMPS were 93.6% and 98.7%. Phe and LMP can be precipitated
from the eluent at the same time by co-precipitation. Phe-LMP co-precipitation can be separated
by Soxhlet extraction. The recovery rate of LMPS is about 96.5%. By adding a small amount of
tetradecane (1 g/100 g eluent) to the above Phe-containing LMPS eluent, the operation was further
simplified and the recovery rate of LMPS was increased to approximately 99.3%.

After the treatment with anion exchange resin and activated carbon (0.25g / 100g wastewater),
the chemical oxygen demand (COD) of the wastewater after recovering LMPS and organic
pollutants significantly decreased from 500-1700 mg-L™! to less than 30 mg-L'. Total organic
carbon (TOC) decreased from 100-210 mg-L" to less than 15 mg-L™".

Key words: Precipitation-Dissolution surfactant; pH-responsive; Recovery of surfactant;
Retrieval of HOCs
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Fig. 1-1 Proposed scheme for soil washing using switchable surfactants™!
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Fig. 1-2 Reversible switching between 11-Dimethylamino-undecyl Sulfate Sodium (DUSNa) and its inactive
form (DUS) under the stimuli of CO2/N; and or NaOHP!!

FHT DUSNa & AR, X125 B R 2 SO T 8 3R T 9 1 771+ — e S IR 4
(C12AS) i & e A ATF 7T - 3 35 V4% R0 2 T Vil 751 [ WAL o

B 4 0 CoASTMEDA O CASTMEDA % C,AS-TMEDA
50-‘.‘;"5’,*‘1*?:(377(?

Q\, / \‘ ,'\,’ " ' \

¥ u

“°‘-,???$%@%?9?

K,1°C

304 & L’F% ? ﬁé é‘sé?\&?é?

20 E

Cycles

Bl 1-3 (A) 1 wt% R TG CioAS £ 25 °C FHEHRS I fr; (B) £ TEMDA f#{E T, A COx M
N2 Bf, 1 wt% Ci2AS. C14AS Fll 0.2 wt% Ci6AS 1) Kr 224441
Fig. 1-3 (A) Digital photos of 1 wt% surfactant C12AS at 25 °C; (B) reversibility of Kr for 1 wt% Ci2AS,
C14AS and 0.2 wt% Ci6AS in the presence of TEMDA upon alternate treatments with CO, and N, bubbling*!!
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Fig. 1-4 Foaming volume and foam stability of Fc12 at different concentrations!?!
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Fig. 1-5 Schematic diagram of two major stages in a heavy oil recovery process: (a) Heavy oil liberation; and
(b) Heavy oil harvest!*!
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17% IR B BRI LA, DAL R ATIE 90% A o M HLEERFLE I R E KB A
NaOH, DMCHA 7] DI o 24 i ARV LS & il &9 70%0, DMCHA =l
RAlIE 80%LA s

1.2.3 EREBERE

Bt 6 tH S22 0% R R ot R A5 SR I A BT 38 IR R AR R ) H 2 A, RVE . B
T S R R o 5 52 B EE AR o p 2 T A 7 A0 0 791 L S ) 3 e 2 T v 1 )
(VES) &AL W st [ 40 256 0 1ol HUR IR R B okl e HUIRIR A HL &
PRERTE R = 4E 2 S5 F 3808 T VES R 24U PR B FIURG SR DS, 1 2 mp g T yeh A L A )
FREPOE M VES 25, e J5 1 F 240G BEAIG s S0k Toikid . A 5] il L as ik %8 .

YinlSOV45 A JE Tyl BR k% P 3 — LRI (DOAPA) S5TH =28 (TBA) 7EHFE pH 4
PET T R HUR B AR A = TR RS MR AL, M T — AR SR A pH AT i
(1) pH M 9 R v R R (B 1-8) . 45 IR W, 2R R R BT IR EE ATk 111.2 Pars DAL,
I pH E AT SEHL 4 URA b okl B B A AR FE A IS VRS V)46, & A T IR
AR 7E 60 °C. 170 s 444 FEIY) 60 min J5, EZ KB ED KT 500 mPa's, 7E1h
N AT SE AR, MR R FEAR, TohkiE .

Zero-shear viscosity (mPa-s)
=

1 L 1 1
4.0 45 5.0 5.5 6.0 6.5
pH

K& 1-8 25 °C I pH %f 240 mM DOAPA/ 80 mM TBA [ 223 % B Y4 B 1) 52 156]
Fig. 1-8 Efect of pH on the zero-shear viscosity of 240 mM DOAPA/ 80 mM TBA fracturing fuid at 25 °C5¢!

1.2.4 fEAZMEA

s K2 S BNERIA R, IF HAYIRERN I PR KA ke 28, B0E 2
YVIbE#E pH G B A, RN REA B TP AR S5 7. i T s s U5 R, DNA
TCVEMAL R A S R, FERNRYT R R R R B S E R TR SR, T
AR THBENE DNA JFr Bl 8040, T SeBLE A AT R AL . O T S X
TSN, ) L YRR T i VR AT PR 25 ik A o RGN E [FeCLBr] & 1 ] LA ZD
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A

M FEAERETF 0590, LA S0V 26 80 4 A0 B0 ) S 04 A0 E IS 2 T e 7 LA BB
FOFIERE DNA BU#Mk, JRTEAFAESM RIS MO B0 R SRR IR A AR 0,

Akshay 3% N\ BLIRAR = SR BKIR EL NSO BRI T, BRI A 1 e R 2 P 2 T
3 B TR [ProCio] [FeClsBr], 4441 46 HOBENL 1 it A SR 26 0 5 14 T EE AR Ty
BOKGUE R AV B IS 6 AT BT AT (1 1-9). B2, FIF R — 3% (CD) .
W zeta HUBLAIEEL HLIK BT SE T [ProCio][FeClBr] 534 DNA (4B FAR TR, i
U] 7 FEARHCE 9 [ProCio] [FeCLBr] F, DNA I RITER, BT HAEMMAE. 25
44 [ProCo)[FeClsBr] T i FI T4 3K A 1 34440 T IR B, LR K S SRS (R FR T
BHUERGY. ERLEHCR, AR RORKRG RASFL 84.2%. (A%
644, [ProCio][FeCLBr] (I3 ST i LAY IR BV TR B A B 25490 T, I HLili T
HCTPERE T LA TR ik
e Zeem | g ]

Pyrene model drug Ciprofloxacin Drug
4]

] 34 0
2: : Al
£ £ )
[=] N N
2 2 ...h' A
< < S
1_
0<~/\_¥
300 350 400 450 250 300 350 400 450
A/nm A/nm
—0h
2 44 —0h 100
Q
5] 3 ‘E\_, 80
Q g
g 8 g
£ g 8 60
g 2 €2 7
'<o 2 L 404
< b
& = 204 == Pyrene
=} —a— Ciprofioxacin Drug
=
. . : : ; 04 O o
250 300 350 400 450 T T T v
250 300 350 400 T T y T T T
Al nm % /nm 0 20 40 60 80 100

Time / h
Kl 1-9 (a) 1 (b) REGBEX AWM (o) SR fBENERFRE UV N TRE R ()
(e) 73 MFREEMI VD B AR AL () SRk 1 1) BRI %
Fig. 1-9 (a) and (b) represent the effect of a metal on the loading efficiency; (c) shows photographs of the
pyrene-loaded vesicle solution under UV radiation; and (d) and (e) show the release study for pyrene and
ciprofloxacin, respectively; (f) Shows the cumulative release % of the guest molecules!™..

XulEE NVt I BT — P B A 't w82 A0 B P 7 4 BH 8 7~ R T i M7 4- 2 -4
(= H I AU I EOR =R = B IR & (azoTAFe).

NP 1-10 flros, PR B3R mE TR ORI E N IF SR 51U, A Rz il i sk
FETL DNA. i 505 7242 8 2% e 1 50 AN 2 A ] WG IR R - e X0 B9 e ml 142
azoTAFe ORI, MIMEEAE Y —Fhy7Orok, M ETOLIEAG ZHE DNA Ffiisk
AEAE o NS [FeClsBr] &1 7] LRI FAERA T 5%, LA SC VR I i PR AL 3 ) T s 3]
ARG, AR R T VEFR BE WS LABUIR AT B IR 48 DNA, JFESNER I TS DL T 5=
JEAER0F , DNA 55 azoTAFe 45 & 2 EHEREAR, HAEWPLRE 73z, TR BT
Wiz 1) DNA $E[R Iz 4. J6TT R AT B EAME, (LT 5 min ' HEIN 8] 5 RE M TR B &K DNA
A2 H AR () AN AT 0P ] R 3X W] BB A azoTAFe #2481 —Fi il BT RAT B XU EE W] 1) 46 (1) DNA
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FHARARE IS, Hpl i ARAE L KR T AR 3R B A R

2 0% UV light
L EE;‘: Visible light g ¢
Capture Release
(Switch on) (Switch off)
'—< >—'00W(0hh
‘f‘"‘. trans-azoTA* umw@— “

(3 [FeCl,Br]-

A \/~. cis-azoTA* //"—C>—““f“»" Ll

\

S

1-10 JGUFASIRE A1) DNA XU A SRARE H0R & K137

Fig. 1-10 Schematic diagram of the dual-switchable capture and release of DNA regulated with light sources

and a weak magnetic field?”)

1.2.5 &0 TR Gk

2 DR R AT LUR 25 &) il i JESLA 75 108 4 B HBOR MG, g, S8 nn M
FEURD = 2 AR HLAE I OY, R 5 1) & B B vl RE 2 7= 2 B 22 )3 197 284 1) 5 e gl oK &5
o (pHAE o i WA HADSM AN . Lei % N5 FI—Fh pH R 9 ) 7 1o 2 T
FA- DUk dE — R (CluDMAO) 5 & il R 70 2 1) POM[Nao(EuW 10036)-32H20, & #K
EuW o] fE/K R HEAT FE 42 (B 1-11)e 24 CluDMAO/EuW o BE/REE (R) A 20 B, Hl#&H T
PERE B R0k, 5 BEuWio /KIEHARLL, HAOGHEGERK, &7 FHE 5.

Cationic micelle mm%m
Luminescent Luminescent
spheres nanobelts , 1.7 nm
A /3. 9 nm
leo-assemery @ @ “’M& 3 _me 22 0m
(7} N tedrm,

. M

1.44 nm 1.8nm H
'4 ...... | f— e
0.8 nm apsiedsdsdedides O

EuW,, C ,DMAO C,,DMAOH"*

B 1-11 1 EuWio Al C1aDMAO BH S AR AL KR 3L A2 (K RO 735 BRAN AR K AT g [ 7R 1)

Fig. 1-11 Illustration on the luminescent supramolecular spheres and nanobelts coassembled from EuW ¢ and

C14DMAO cationic micelles in aqueous solution, with their respective chemical structure information at the

bottom[®?
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I I X AR TSR G AT RAE, 3R T — Rk 6 ) 2 SR EEHEFI AL
C1uDMAO 7E pH HZ10 6.5 B R AR /3 B T4k, T2 IE A IR R, 7EFE . SV AET
KA EAE IV EAEF R, B BT EuW o BIREMr i 3 SR AR X Rl L 4Kt o BT
7310 pH M TR e g Kty J H R AR A ] £ B BEOGEB o PR L T 5%

ARG (GO) T HE A BUE. et RRE, ST Z MNP AR
BT, EREAKAERO SRR R e o), that, E—2ufRd, GO CAgrEMEY K
SEMEMFI TR . B, Sk GO RTRA:BRoKIS 4d, k. il ESANSRI), SR AT
H LR EATFEEZ D%, XM T GO 145 . N 7w ikiX—n @, Thomas %6 A
OIFF e 1 — BB 773,  FHRGE B8 T A SR T VG MR 7] 1-2% 23— R ok vl 45 D0 4 v Bk R 36
(mim) Fl+ et = I = S IR m R (DTA) @i eI ER L& T #ETE GO #
Bl $R4E T — M HANT A R GO I B 2 0F B k. 45K, GO /KIEHIEE
(V2R T 78 FEAT N AT DUR 25 5 Mg R A4\, DARTI ] GO 5 Sm M4 ) 1 4 2%
(B 1-12)0 @ MK IR 2 BR GO AT IR AR, Sl 7 7= 2E i B i Ak 2

NN GO AWM T E, G IHAE SO /K A3 (1445 FH oA S8 G Bl 580
A RN

2.0x10 -
"-m
° 1.5 - ..
£ ®
T.:. @
g 1.0 — °
£ .
0
E)
~ 05 . I I
° o i
o®
£ Ry e DTA
0.0 — e mim
T T
0.001 0.01

Initial concentration / mol L™

B 1-12 (a) M (b) BEPERENEERI-GO RGEMIBEM S (o) EEF R I MERIAE GO L AR b A 2 1)

Fig. 1-12 (a) and (b) Magnetic response of magnetic surfactant—GO systems; (c) Adsorption isotherms for each

surfactant on GOL°®]

1.3 SR 75 1 571 6 [B] e et

WA PRI I G ) BRI R Y, AT i e D HEIBCZ B 5 HENATH SGTE . Herpak
A TEFAE N KRR I — RS2 b, R SRR TS 48, W R RENS SEIL R T
I PR ) TSNS T A 48 B0, i EL ) A BOK rR A ML B HERG. - H AR B AR T i
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FR BT (4 77 925 32 B 53 A VA TR BT ©7) 0 EER EIO8 L iR Al Aol
1.3.1 AN 7R B oaR T 157

R PEFNITUE R N T 8 3 BRI R RIS A g — B AT A R8T 5 » T i
SRR TER BN E A H b A R B2 (Bl i) o, B Eslf
T PR PRI FEAR T M SRR (eme),  DABA ORI i 475 S A - 1 AR LA P AN Bk
A, B2l i R B KA AR, TEANE T (k) B A B -R I
PEFIE S0 BEJE, BEATRE B (Bt i siE0) IR E A R TTE . et HbrEH
JRMITTEPVRE L EH KA T, [RI [Rl F R s PR SRean B 1-13 prost'ls

1 mL of surfactant —__

solution N
\
Analysis for protein
concentration by UV-VIS and
> > structural integrity by Circular
10 mLof 1 g/L Vortex, 5 sec Dichroism
protein solution and centrifugation i /
at 8000 x g, 5 min B »fejc{o,,a’ 10 mL of 20 mM
ec, e F phosphate
Oys +
’J’s,ag Sy buffer + 1 mL of
Protein-surfactant = counter-ionic
insoluble complex surfactant
Vortex and

‘ centrifugation

2 . Supernatant
Analysis for protein filtered 0.2 um
concentration by UV-VIS and ¢
structural integrity by Circular

Dichroism

Particulate-free
final product

B 1-13 F S B 3 s PR A B H AR 2 1 B CE IR 3R T PR R CE [l Wi ek . 5T 70 8 s I 1
Fig. 1-13 Schematic of protein separation by surfactant precipitation recovery is based here on treating the
target protein pre-cipitate with a counter-ionic surfactant!’!)

Cheng 55 NUVH] 2 i3 14 5751 5 2 1 BT R0 0E B 07925 0 s s IRl i 1 2 1 o AR 3R T
TR (B 1-13)0 FFRE— BB F0 18 FH RIS R A0 S 2 3R T S 1 RN & BV B B -AOT
SEVRKE R EWOR E B ROR, rid B &8sl —- 2-4E 0 ) BEIRIHR
(AOT) BN ZNA W AR P IR e i Q. F BN 7RTR & P d 2 TR P 771
DUUE, [T ST ] 4 v 1 T AN 2 T e 791 o G o [l AT Ak 23 0 i 13 Joia A v A ol i s 9 1 2R 2R
B AL, XA RGOS TR NS PE RV T e e AR RO = AR
bz (TOMAC), H5 AOT 454, K iEw BRI EER T . 24 TOMAC:AOT FE/REL R 2:1
I, W TR 58 A R (100%), HAE e 7K AR AT R 35 R AT 1) EE P A2 [/ — B (CD)
JERE R TSR], RIS BB OR DR B T A ) HLS SRR 5T 3 I R R T R K
AR

1.3.2 RE Tl RIS EFITTRE Bk
W TR SRR 2 Oy B AR ISR, B IAGE SRR T, AR E T
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TERAE ST . BORRALEIE (MEUF) T R BRK I i — e 5, Oy 1
MEUF JjiERCN—Fh &5 BRI TZ, B DATIE R MNIBIE NS A [N v 1
A, s EwmE 1-14 s,

M.K. Purkait 25 N2ILL 75k dk &AL IEIE (CPC) AFH S R ET, 182 R G
BE, BFFE T AR R T T RS e AU RT3 T AN R R B SR IR
£ 10x1073 kg/m?® (ML GURNR FE R, AN 2R T MR I e RHR B 22 00H 10%.. T £E AR [
BAEIE ST (276 KPa) T, R THIE 571 R AT 480 B R AR 1) 73.4% . SRJR I IS 5 AL 2% Ak
HAT [0S IE Y P AR U B R TS MR 2 7o TR — 20, FRUL B R TS DT
VEF, AT LML) 90% IR HE TEFIDTIE; R0, @ I SR A DTie 9 A1
FIEER, ATLLRCL 90% MR ENETER . 25, ZWEA I H CPC 1E RIS
A, WEIE T R AR E (MEUF) XK R AL 8 (PNP). MRS SR (MNP).
Ky (P). AR ZHY (CO). B-Z5Wr (BN) FIATSKM) (OCP) S — & REM LFREUIR . A
8 RS PRI, AR 284k S VW 5% 20 78 45 5 AR R AE 2-15%. T8 F R IS
PEFIJG . By 2R SRR R B E N E] 57-97%, 0T 66-95%. %45 AL T MEUF
TZR LA RO T 75 BB 08, I 7 ab s KI5 CPC s fERCEL A 1.5,
CuClh 5 CPI W fERL Ly 3.5,

Feed:
Surfactant and solute | MEUF | | Retentate stream

Permeate Chemical
Unsolubilized solute and— | Treatment | | <—KI
surfactant around CMC
Precpitate Disposable filtrate
Chemical
Treatment Il <— cCuCl,
; " }
— Surfactant rich filtrate Disposable precipitate

(Reusable stream)

Bl 1-14 MEUF A P71 18] o 5 BT
Fig. 1-14 Schematic of MEUF and recovery of surfactant!”*!

1.3.3 AL SR T v 77 Bl i

AL ZEVE R RN A2 S FEAR B F iR A Y, izl s (B et
WOARRIRZ 3, L A Pk (e b R A RIORL MRS 50, B R R fie it iy o B T A s 7.
= 55 P o ik 1 5 95 R T B SR T A 11 P g o A S B A R T R T R IR R
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1SRRI ABATE, RAEBAIMR TS, BRG] E P & 7 HE R AL B & 7
DL RV, AR5, fERIBIImT, XEZENT 82 H i &R S FairEE g
AN MHT BT RVEFERT, e sh B R R BRI, e w3k 14
AR 5T, (RSB R, BB IE 3l — DR B AR
PEF B

Brian %5 NHEGT 1 M3 R ZE MBI AR TS R T RetE (B 1-15). 45 R K8,
HL30) Z2 40 R DA R0k A 355 2 900 A B ORI (B WS A A R Th v 1 79 A 0 3 T i 2 7 i 1) B R =
HIERS, FEPFIM S A e TS E Al B AR B0 . 76 30 V IS B B RSB T 29 69.3% 1K) i
FEECFI R, 20V A 10V I, R 25 9.6%HM 2] 4.9% 1) 22 TH % 7745 2 [mldc . HLAE T H
2] 2R G PRI A A 3 THI 3G P 77 R DT (BT UL ) SR B LA 5 /D (1) 2= i

- Direct p
Current
Cathode Anode
Biosurfactant brot
Alkaline Acidic
Yy
conditions conditions
4 ‘
_______________________________ ‘_E ctrosmot
flow s
cells '
T e
biosurfactant
1 oloct biosurfactant
- P aggregation

B 1-15 F Ak 2k [l i3 T v 12 7 s o )
Fig. 1-15 Schematic of electrochemical recovery of surfactant!®
SR, _F R P 7795 [ AT 3 T 44 77140 5 5 A K B R R B IO HLVAR, #RAE BRI
HoRmy, PIGFR B PR . AT 5E 0 7 R AT 2R T P R PR [T o D3 T i 2 77 41
TARGF R SR, GnRAE “ 587 Z 5 AT L RAFAE , AH AT DL R fa] 55 8 (R fSg 38 T i 2 711

1.3.4 CO2/Ny« pH W5 [o] e 38 T & 157

o  NH _OH
0=Se ;E 0=Se v
CO, HCO, §H+
—— —|— - +
~ HCO3 N
Ny, A
DSA-TMEDA DSA-TMEDA-CO,

] 1-16 DSA-TMEDA 3 [ 3% 171 i) JF S AL ER )
Fig. 1-16 Illustration of the switching mechanism of the DSA-TMEDA surfactant'®”]
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Liu BRAHATE B 1+ e AR (C12Se0:K), FHWgH 5 A B3 i eIl . &
ILFLI ) pH M\ 7 21| 8 ARAKIT, FLIRAERE LT G, Ho pH R 2] 7 B, LA, A A
E A=, AT e WARER (CiaSeO.H), i sl mllic. ¥ pH HE 8,
C12Se0:H ¥4 C12SeO.K, 38 i 34 53 ] LA SE AL I BRI B

[F4FE, PRI C12Se0.K (DSA) 5 NN N N'-JY I %E-1,2-2, i (TMEDA) il
T COo/N2 KRR TGS (DSA-TMEDA), UERH T DSA-TMEDA 7EAHR; 1) CO2/N2 ¥ F
W RS EERS (B 1-16). A CO2 J5, DSA-TMEDA X[, 18%]T DSA JiiEfK
W TMEDA BRIRE L. AR5 No S AN, DSA-TMEDA-CO, JRZ Al F- ik Pk & 3
DSA-TMEDA..

T2 1) CO2/Na il % e [ PE A DTUE I 1€ 1.2.1 A HARREIR IF H T B L vk
TEIXAZHER

L4 MEBKBEATAARE

1.4.1 SMREHKYE

e S, RS PRI PR HOCs AN 338 2 8] 1) 51 7 AL 338 bR i HOC s
TEJG LA B, H R 2R TS 1 7 AN B A HOCs AR THNE ML ARV b 40 8, T ORI
WPEAIR G T RAT 5, ATl AN, AR I T R LS, AT B HOCs.
FER SRR T B, CO:-NML U RIS T B, (EAREE ] Ny S e R i
PEFRUR “o%-JF IRZASH ZAERT, HA BZFRREN, SREE IR . pH JF SR
VEFRE T BA B AR, e R R A0, SRR RIS, ik R IR IR B R A A
Ui, 1 ZR 2l I A5 2R F 1 S BOR TS PR R A2 2R K AR R ARAL o 5 AT SR T v 8571
FHLE,  pH PSR P57 T S Sd LR, 35 A ] {3 S5 s 52 2R (1 5GBS,

/\/\/\/\/\/\803Na
C12AS

/\/\/\/\/\/\NH/\/\SO3N6

LMPS
3
/\/\/\/\/\/\[}]_‘_/\/\303_
H
LMP

Bl 1-17 C12AS. LMPS Al LMP (145430
Fig. 1-17 The structural formula of C2AS, LMPS and LMP

RS ER AL T 0 ol T R A SE IR B T g, EE A A e S R R
TREEETEIREN (C2AS), BRI K (38 °C) PR 1 HAE LR AT T AR, AR O
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RIS pH Wi S P [ I BAT SR K . ASCRA B R A AR R Al B, i BIIGEE R pH iR
P, 3@ N HCLAEA5 B BH & 1A ELAF A B K AN e s £ ERER IR SEA 1, il
i U R 51 1) 3 1 A5 M R B AIG Koro DR ROABLHE I B PN B T B R R 3 b DASCEI pH T 5K
i 2, R R 22 PR 2R AR P B AR Kor A S SEEB i F AR

AN, Suga FEAPIEAREG N T 3-+ TR IR R TRERR SN (LMPS),
FEWEFILAE PR A R LG (PVC) MPRIPURE L RE TIEEM, (H2 J5 JLH4Ek, X3
V5N I FE e WL ARG . LMPS IS5 an &l 1-17 o, #5& Bk, IR T
REZ A 3- R AL AR (LMP) HIJEZUAEAE , BRI A SOREE IS 0T 7T LMPS 5 LMP ()
IKEPE RIS ()« FHHETKST (IFT) VR, HBEHREEEA pH MRk, fed N T
KPR

1.4.2 ARAE

T LB, ARRSTUA B LMPS, 78 AT ISR AE . pH W BAT A
WEES, I LMPS BN F 3t . BARET IS AR W

(1) DA+ Bk A 1,3-79 1 9 Bs A JEORHG A LMPS, @I ZREIEHR ("HNMR).  HL
F g (ESI-MS) BLEAERM-ZLAMEHE (FT-IR) 55 F B AT 45 RAL,  PIATRE e 2% .

(2) B HEEARE pH F LMPS /KW Krv y+ IFT FIARLAT N E LMPS [¥) pH F 5%
. @ BAE. Rilsk k. FTK 17k, PC Ytk 8 LMPS (JF) #1 LMP (%) IR
BT Kr LRFMHEREN 2R LT pH, #8597 LMPS/LMP 7E{EA L2+ Koy p+ IFT.
YA RE AN FLAL M RE AR 1K o

(3) %8 LMPS HIFLALIERE . S8R pH, MELFLMBL LIRS, 85 I AH T 2120 3
52 LMP 7EHAH 7K AR 15 B9 15 O

(4) 73l LA+ DY KA Phe 1R 75 549, #R9E LMPS FEAA SR A0 3895 JL bt 4 77 T A
o fE%8X LMPS Xf 7 Selb i+ PUkE A0 Phe (25 B i [E)I), 4R 78 0E B B0 LMPS.
+PUJ%E A1 Phe B K LMPS £ F i AT G
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EE LMPS SRR MRS

WL HTIR, Suga 5 ANBY ARG T LMPS, FEE LA NFUE AW 7T T X PVC #4
RELER HLRE F7 /K52 ; Sakai 25 NBHIAR T LMPS /KIEWAE pH=13 I (IR SR (cmce).
LMPS i M EE R, nag A pH MR, GETERH & PRI MR LMPS 5P S 1%
&M LMP 2 (B T (B 2-1). (HICERAP AR P L LMPS 1 pH W 8, BFIH T
I0UF LMPS B pH M Rifh, AFZMSCEREE AT LMPS, 33 i 56 2544 1 IR 1
B DRI AT Ko Bl pH 738K, DLRTERMPIRA T LMPS 1 . IFT. F4LEE
JIEFEARMERE

H
I - NaOH
MTN\SO3 — ,(/\/);\H/\/\S%Na
H
LMP LMPS

B 2-1 LMP 5 LMPS 2 Ji] () v] 1 4
Fig. 2-1 The reversible conversion between LMP and LMPS

2.1 LIS 5188
2.1.1 SEHRF

2 2-1 SEB A
Tab. 2-1 The agents used in the experiments

W1 BN T AR
T 99% BT 325 323 857 K 55 4 R4
1,3- P4 FE T R A i 99% i ik 315 34 R PR A 7
1Bk AR i ik 315 34 R PR A 7
AA AR AR BT 35 35 i 7 A PR 2 ]
DBU AR Bi] 3 3 il ) A BR A 7]
e R R S SR, 30%7K IR MR PR A
ST T RG TCI RFA R A ]
JZEZ2AN AR TCI A R A ]
AN AR I 245 £ AL SRR PR A )
TR B AR 5] 24 4 [ 4k 23 77 A BR 2 7]
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2.1.2 SEIRANES
%22 TR
Tab. 2-2 The instruments used in the experiments
e LRSS AP
FEL IR 7K I R HWSI12 g RS IR A A
A4 DZF-6020 TR T B )
(A e s DF-101S EIR TR B E A g
Wt AR AVAVCE III o s (TR =N/
Ji BN MALDI SYNAPT MS % B A A
ENEPIEIT T AL K100 fi [ KRUSS A )
Jie i i ST 7k 1A% SVT20N i [ SR A 2R A PR A A
I CARY Eclipse 5% L A PR A F

2.2 SERTTHE

2.2.1 LMPS K&

P 2-2 LMPS &l 4% 28
Fig. 2-2 The synthesis route of LMPS

B 185 g+ EF =18 A, N 100 mL PEA1E NEF], ERPEEE FTHRRE
35°C, ZWMA 122 g1 3-NiEANEE. M 12h, FEE Ny /Y7, NS RER T PURIE
KEFEAR=E . RNERE, AERER, MiEEasm o, HOmE. Nk E 5%
EHEAM, B TREAAEE 23.5g BN LMP, WCERA 76.3%.

LMPS i LMP ¥ T NaOH 7K H 145 -
2.2.2 AiENE

CLEE R E A IR B2 ATe A, AT PR e iy, BARERE R -

(1) B 100 mL LMPS ¥ (c=2 mmol-L", pH=12.5) ik, SR/GHE 10 mL W{EEA
T 100 mL BZEERF S, FHA 15mL =& F 5. 25 mL IR LT8R

(2) ZZ123m 0.08 mmol- L™ FUER], SR EH G, BT RZIRRERZEER,
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S ENWEEBGE N RG, HEM, WL THESEARL;
(3) T 5E AT AR L 0 I 0 SR i 75 W 8 FRARARON Vs
(4) WET AR, RUEURRAEGR R pH=12.5 28T oK, =R RREME, idxiE
2 H LR L BT i R E SRR Voo
T mEEFI A0 (x%) 9
x = alh) 1009, (2-1)

c2XV;
Hrp o AT EFRIIIE (mmol- L) o AFFETRIIKRE (mmol- L) ¥, i il FEE TR
I BT 75 0 AR (mL); Vo A BRI HFERR € AR (mL); Vi N R ZEERH
IINARFEE R ARF (mL)o %5 =%, BCFH1E.

223 KW

AR B IESHE 7 LMPS () Kre 55, #il% 7 —£51 0.5 wt% LMPS /K .
IRIG NI S RVEME, TAANVKAE (4°C) 12h, MEHITIETE A . W T1E 4 °C UKARH A T4
BT AR, B A A E LRSS . o 0.1 °C KRR ETHE AN LB b . TERiRES
£, LL0.3 °C/min IR R ZETHIRE, HEBEBGCEEIEEY], iRz, ML
MEH B /PEZ =K, FHETEE.

2.2.4 y F1 IFT I8l 2

Mg y MIFT Z /I, WAL 25 °C Ky Fa5€ 12 h. y H] Du Noiy i£llE, #E
KR E N 25 °C; IFT 1E 25 °C ' e S sk A e, AR LB e, W&
i 4 B RE S B #5E N 5000 rpm. DA EMEW R EE =), HiHEFYE.

2.2.5 BRIGIEENENE eme

MRERICENIE emc®®, 78 500 mL EE /KA &K EAEE (Py), BT 45°C
KU ERE 48 h JGAE 25 °C N4RZERHE 24 h, SR EERE. HELH)EH 0.1
um FIJERRER 25 2 R A Py [EfA, JEWEN N Py BIMEATAKIRI. LA Py RIMEAIZKIE BRI,
Bl — R P FVR E R TG PEAA W, JEE T 25 °C /KB AE 12 he BEBURIE K
N 335nm, BORKREETEREE N 2.5 nm, RETREETEE N 5nm, IEMAKALE 350~450 nm [A]FR
BRINNE. UL ENEDEE =K, FFEFSME.

2.2.6 FLBH S SRELER
4 pH=12.5 KA 2 mmol-L! '] LMPS /K& AN IE BEbe % B i AR AR LR &, R

HUAE 12000 rpm R34/ 1 min. BT FLARAE 25 °C FMEEHARE M, 18 HORD A LR 5] %%
24 h Ja FLBAMIL, IR BRI E FLIBCR ALY, LKA 1 I 52 2220 250 A SRR K1

2

JE o
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2.3 ER518
2.3.1 EHIRAE

FESEIG I FE ORI LMP HMEVA Tk HEE. &5, TR (DMSO) &% WA,
MEULHEAT A RAE, T LMP S ¥ TR KA, BRIk, LMP & T K+, 15
F| LMPS, FFXF H AT HRAE .

(1) "H NMR BEE%RAE K 7547

PABHME D20 (6=4.79) A, #HT 'HNMR £1E, 45580 T EfR. LUARE (D0)
SERR, GiA K 2-3 f13R 2-3 WL, LMPS HIER 4 REN B HSART, HARRS K
AR S TN A A SR AT

b b b b b d e g ﬁ
/\/\/\/\/\/\N/\/\S_cf Na‘
a b b b b c H f 1l

b

D,0

o/ppm
& 2-3 LMPS £] '"H NMR
Fig. 2-3 The '"H NMR of LMPS

# 2-3 LMPS [¥] '"H NMR fi#fr 45 %
Tab. 2-3 The 'H NMR analysis of LMPS

d(ppm) AN (it} W EE

2.91 2 —Hl¥  CH3(CH2)9CH,CH,NHCH>CH,CH>SO3Na
2.54 2 Z#EIE  CH;(CH2)eCH,CH.NHCH2CH,CH>SO3Na
2.64 2 Z#EIE  CH;(CH2)yCH,CHNHCH>CH,CH>SO3Na
1.93 2 Z#EIE  CH;(CH,)eCH,CH.NHCH>CH>CH>SO3Na
1.51 2 Z#EIE  CH;(CH,)oCH2CHNHCH>CH,CH>SO3Na
1.31 18 Z &g  CH;(CH2)9CH,CHNHCH>CH,CH>SO;Na
0.89 3 —HIE  CH3(CH,)sCH,CH.NHCH>CH,CH,>SO3Na
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(2) ESI-MS EERAE & -H7

100

306.2

80
S
N
S 6o}
-
=1
w
5 w
e L
= 307.2
—

20F

374.2 428.2
i 263.2 /308.2 r l/
f 1 [/l ) b al ol

0
150 200 250 300 350 400 450 500

m/z

2-4 LMPS ff] ESI-MS P (47 3745 20)
Fig. 2-4 The ESI-MS of LMPS (negative ion Model)

LMPS )53 i BB it an F
Na*
/\/\/\/\/\/‘Ef\/\sosNa—L /\/\/\/\/\/‘zvsos-
M [M-Na]- m/z=306.2
[M-Na-CH;CH,CH,]" m/z=263.2
[M-Na+CH3;0H+2H,0] m/z=374.2
[M-Na+CH;OH+5H,0]° m/z=428.2
X P 2-4 HEATRRAT, R IR R W 1A R AT L m/z=306.2, X 5 [LMPS-Na] [ B 55 A
7o

(2) FT-IR B RERAE K 53 #r

2915

3421

3500 3000 2500 2000 1500 1000 500

Wavenumber/cm’'
P 2-5 LMPS ] FT-IR Y i
Fig. 2-5 FT-IR spectra of LMPS
19
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B 3412 em™ 4b2 N-H MZEIRE &, 2917 cm™ A1 2846 em! A& CHa XS AR
TR GE RSB, 1606 cm™ 72 N-H A2 JEHRS), 1466 cm™ #1396 cm™ 4b2y CH, BT
PRENA CH; 2 ARSI T IE . 1185 e A1 1052 cm™ /& S=0 AN RRAH 45 3% 5h A6k A 4 413
BN IIE, 720 om™ AEWIEE R (CHy ) (n>4) TRABHRBNL UG, Vi IZLE /b & KRR .
SRR LY EA B EYE e B B RAE R IS5 -

24 'THNMR. ESI-MS 1 FT-IR 45 77154, Frfq = R1 9 LMPS. 8 PR AH 1 5E 1
& LMPS HI40fE A 98.27+0.33%, FELHE TG 4015 .

2.3.2 LMPS HJ Kr

B R RS TR K P Vs S £ B S EEA O, HAK TR RALIT A R REfE =
T Kr F&4. Shinoda F1 Hutchinson®8: K B 2 TH 1 14 751 E /K A0 2 B B R 55 7K Hp
1) BRI BT PRI RS o DRI, Ko B BB 1 58— TR 3 T 9 A 7 2 et B ) 7K 0 12 B 17
AT 22 . A R Ko 188 L 3 T 9 M AU AE 7K xfE DL SE R e, B2 FL B 5 ThRE I o

WK 2-6 B, M Kr A7 AL T LMP 1 LMPS (R7KIEPEZ . LMP 1 Kr &1 95 °C
(Kl 2-6 A), K LMP {E5 i TR T 7K. B BE/R o (nvaon/nove) AN 0 BEHIZE 1.6, Ko A
T 95 °CIEIKAE-0.5 °C it Biifa, KrfREFfasE, A, 48K, LMP ] LR
U Hb A AR AE AR KV T

A B
100 | 100 b
80 80 F
60 F 60 |
S o
SN -4
40} 40 |
R~ =
20 F 20F
0F N ok
0.0 0.5 1.0 1.5 2.0 2.5 6 7 8 9 10 11 12 13 14
nNaOH/nLMPS pH
C D
100 100 -
-
d
80 F 80k
L]
60 | 60 F
1% &
< Va3
g or o 40f
20+ 20F
0 ) 0
6 7 8 9 10 11 12 13 14 6 7 8 9 10 11 12 13 14
pH pH

B 2-6 (A) nnaon/nLve [FIEE R LEXT LMP 1) Kr (°C) 5405 pH %t LMP Kt (°C) (520 (B) NaOH; (C)
AEMETEL (ChOH): (D) 1,8- %4k 3+ —fk-7-% (DBU). LMP BRI L [E5E 4 0.5 wt%
Fig. 2-6 (A) The effect of molar ratio of nnaon/nLme on Kt (°C) of LMP; The effect of pH on Kt (°C) of LMP
(B) NaOH; (C) Choline hydroxide (ChOH); (D) 1,8-Diazabicyclo[5.4.0]Jundec-7-ene (DBU). The
concentration of LMP was fixed at 0.5 wt%
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K 2-6 B. C A1 D Fias, N T HEF LMP KIEMERT pH BRI, #E—20E T pH
%} LMP K (5400 . PA=FANE 2R A% : NaOH. S & ALAER (ChOH) A1 1,8- %2« 3F
T —H&-7-4 (DBU) KT LMP ¥R HI pH, 5 %A B HHT Kr (520 . 25 50,
=PSB LMP 1) Kr AR EEAR—2, {H2 LMP B pH>13 I, &I NaOH 1E N
Bt Kr B2 ETE (B 2-6 B), X A2 i T ki LMP ©4 52 484k 8 LMPS, pH #5715,
KSR Nat S a3, mehLER R B 2 3 809 & 3R s 7 Ke B &, 3% 5 SCERE!
S5 SLARL

DL NaOH 75 pH A, VFEAR53HT pH X LMP Kr [F520 . 24 pH<<7.5 i, K1>95 °C,
RIGHEE pHAEM 7.5 THE 3] 12.5, Kr W>95°C FF&EFI-0.5°C k4i: BiJa, KrZetbiaT
P2 a4 pH>13 B, Kr XIEWF & . Zra LA BR8], EiRigscft T, LMP 4L
NAKEPELF . I Kr [ LMPS; 24 pH<7.5 B}, LMP 2 EA 5 Ko KIFHEENANE. 446
K 2-6, fEJa4ext LMPS RIBF5eHdr, [ LMPS /KIEW pH N 12.5. MK 2-6 ] LIfSH,
LMPS i) Kr B A pH B, ERR . & T Kem, RIVHITES: k&4 T Ko A,
RIUNTEMRLS . FUILBRATIR A LMPS ] G2 U - AT SR TS TEF (PDSS).

H \H H,;C CH;
A A
5 5
O\S 0\5
s IS
LMP SB-12

] 2-7 LMP F1 N,N- = FEJE A e Rl L RS (SB-12) 254
Fig. 2-7 Molecule structural of LMP and N, N-dimethyldodecylamine-(3-sulfopropyl)-betaine (SB-12)

N THRIT LMP 5 Kr (>95°C) WIEE, AT T 450 M L30T 70 b LMP 701
ZERIZLT BS-12 (B 2-7), 1H SB-12 ) Kr<<0 °CPV, [X 5548 LMP 1 SB-12 2 [8] Kt 1)
3 22 AT RE A R T 3 T A R i AR AL

XA ERTE RS LMP A SB-12, H T AR BAEH, 1E B fr 240 R 510, 5%,
5-H ML, -CHs E:HE i m A . BT fhi 75 H3-CHs % 2/ER, -N(CHs), ™
N G R =% E ] GeL-NH 1 = % BEK, #1453 LMP H1-NH> ¥ IE i b SB-12
H1-N(CHs)> " IE LM B K, R B-NH?-SOs [ FURM B AF FH BE-N(CHa)2"-SOs™ i # FaAH ELAE
SR, Kk, -CHs ZEFM B E-H K. AHEGF-H, -CH;3 J855-N(CHs)2"-SO3~ 2 [H] [
FFRAH AR R BRtk, -H HMI-CHs IR 45 M AR I 22 5 S B0 1 i AR BAR R K
N, 4k S ECT LMP 1 SB-12 Z [R/KE M Z 57

233 R (FY) HiERE

pH=12.5 i (&l 2-8 A), y ffidE LMPS /KIEHIR BN S8 T %, 5 2 HLMIH %
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LMPS KA H cme A 8.7x10* mol-L's Sk /1K (K 2-8 B) 23 7 HLIES,
IFTeme N 4.9mN-m”, it & 2-8 A, WA LIS %] LMPS FIMEFIR & (Tma)~ 70T 5/ NER
R (Amin) FEE, BAARSESIER 2-4 s

A B 35
70 :
sl 30}
60 25+
g 55F i 20+
Z 5ot g I
= I = 5}
= =
= 45} = I
3 I— ]0 |
40 [
35F St
L 1 1 L 1 L 'l 'l 1 1
-5.0 -4.5 4.0 235 3.0 25 5.0 -4.5 -4.0 -3.5 -3.0 2.5
-1 -1
loge/mol-L loge/mol-L

2-825°C F, LMPS [fI(A) y-loge HiZk; (B) IFT-loge Hi4k
Fig. 2-8 (A) y-logc curves of LMPS at 25 °C; (B) IFT-loge curves of LMPS at 25 °C

% 2-4 LMPS R 24
Tab. 2-4 Surface activity parameters of LMPS

cme(mol'L)  yeme(mMN-mM™)  Iax(101°mol-cm) Amin(A2)
LMPS 8.7x10* 35.8 3.7 44.9
1.6
sl

11,

" i '} 2
-4.5 -4.0 -3.5 -3.0 -2.5

loge/mol-L"

Kl 2-9 7£25°C i}, LMPS /KIEH 11/1: 5 loge KR
Fig. 2-9 The relationship between the 1;/I3 and logc for LMPS at 25 °C

Py J2 IR AT LA R IS AN eme. Py 7E/K IR BARE /N, H2H
Gy YAV T IROR BB K A5 # o @ 6 AN [FR FE YT LMPS Py A 55— 0% (373nm) FNEE
=g (384nm) MR (/1) VEEIFFR—Fr5, BL—Fr 3 R Bl B AL BRI DY LMPS 1) eme
(K 2-9), HER LIS pH=12.5 B # LMPS ] cme Z°8 7.2x10°* mol-L'. 535K J1ik
AFLTH 5K F135 048 1) eme (29 8.7x10*mol- L) FEAMAF. Fik =Fo5dilE 1 eme E T
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CERISHRIE R 5.6x107* mol- L™ (pH=13, NaBr #E N 1.0x10 2 mol-L™"), EAH A5,
2.3.4 Fikitee

MIE BRE- 7K FLIR B TE BRI A e PR D7 gk — P A 7 17 LMPS RIS &Y, aifl 2-10 B
e AFEMAEFEL (Vo/Vw) B 2 mmol-L!' LMPS /KIETR (W) A 5Bk (0) AATE ALK
(K 2-10 A). B Vo/Vw IBEHT, KA HIZEE D>, 75 Vo/Vw=T7:3 if (K] 2-10 A7), 7K
FEBT AR B/, 2 Vo/Vw>T:3 I, AilAENTH . &l 2-10 B il MR 73 BS 1
mL BEGEHTHR I TE] (s, R) XPEATHIRE MERAT 71PN 7E Vo/Vw A 1:9-7:3 JEHE N,
ta KA E D 30 K, M4 Vo/Vw>T7:3 B, ta/NT 24 he Ik, & Vo/Vw=T7:3 MFLIRHTE
JEEERE T . EIREE R, LMPS AJ DL LAk IE Piki- KAk & .

30F

A\
A)}

A\

A)}

t /Day

00 02 0.4 0.6 08 10
V.1 (VO+VW)

K 2-10(A)25°C T, Ll 24 h 5, AFRIERES KA (Vo/Vw) (1:9 - 9:1) HIIEBHE- K AL
DI R, Hot comps 9 2 mmol- L' pH=12.5; A9 JliAHIE I A vE Gkl e & e e, fET- W%,
(B) £ 25°C ~, MFLMH & 1 mL IEBELETRE IR E S Vo/(Vw+Vo) IR R
Fig. 2-10 (A) Digital photos of heptane-water emulsions with different volume ratio of n-heptane to water
(Vo/Vw) from 1:9 to 9:1, cLmes was fixed at 2 mmol-L™! and pH=12.5, the photos were taken 24 h after the

emulsion was prepared at 25 °C. A9 is a sample of A8 dyed with a trace amount of Neli Red for visual guide;
(B) The relationship between the time required for separation 1 mL n-heptane out from the emulsion (day) and
Vo/ (Vw + Vp) at 25 °C

WD IO IE B (B 2-11 A a) AIuK (B 2-11 A b) Al LUREL, TR AE IE Pk
OIS RFRGR 20, T K VAR ST RI 208 F ) 1E B e SRR R /K T 1 ekl 30 F O i
EHIFLR (Bl 2-11Bb) M (& 2-11 Ba), AIFLIE AT MR G I 73 BUE K i A 5 70 #UE 1R
BEkE . 2 LR T UERT T LMPS FLBCN K BT (O/W).

23



PL_E N BONA SO R T4, AW E N —FAE. W
BERREMER4AC, #iE: https://d. book118. com/77801007500
3006042



https://d.book118.com/778010075003006042
https://d.book118.com/778010075003006042

