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Scheme 1 Molecular structures of C,;-N-Fe and illustration of pH-redox stimuli responses

at the air/liquid or oil/water interface
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1.2.1 1-fB+— B8 (1) 84 & 18 250 mL = P IA 20 ¢ 11-8 3+ —BElR, PR IR FREL
25.8 ¢ HRFN 40.2 ¢ HEE, A2 2 100 mL 18 K s = g2, % 5e )5 7+ 2 80 C My, K=
12 h. BRI R 2 250 mL SR, BEsE 28 R bR RER, Bk ARy, T 55 C HA T 24
h, BEEHACERLED 1, 7% 97%.
1.2.2 11-flE+—B4(2) B4 K 17 100 mL = EIRT A 17.9 ¢ V-8 +—kR, il T #%
n (V1B —%ER) = n(EALAR) = 2 1HREHLFREL 18. 6 ¢ EALIEAN, R = 100 mL 15 R}
GRS, WHINGE S, ARSLOV 8 h, B RN IR 2 250 mL AIE . BERE 7R R bR R A
SN, SRR E E R, FTOK ORGSR 3 K, F55 CEZS T 24 h, AGEKLEY 2, 7=
K 64%.
1.2.3 C,-N-Fe & & 1F 100 mL =B ANA 12 ¢ B FAEILF, FINA 50 mL — 5 F kel
R, v R IR R 16,7 ¢ 11-BUE -+ —BERIA M TE 30 mL W e, 5% 100 mL 18 K I 2
FRERIBTE N, WINSEES, FHEE 25 °C, K 12 he OWZEHE , IUERRER , BRI S TR R
RBIR C,,-N-Fe, % 63.5%. 'H NMR(300 MHz, CDCl,), 8: 4.85~4.73(m, 2H), 4.56~4.47(m,
2H), 4.25~4.18(m, 5H), 2.75~2.68(m, 2H), 2.31~2.22(m, 8H), 1.72(t, 2H), 1.47(d, 2H),
1.34(d, 12H). MS, m/z: 398 ( WA {5 HE S1).
1.3 EHRERIRK

it il 20 mL ¥R 1x107° mol/L [ C,,-N-Fe hFRENEW , ZZRE MIEBR P INA S C,,-N-Fe SFEE /R &
FIE AN IR IR , {8 FH R h-1] LA BETHE 25 C FIE IR BB R, Hi KR 500 nm, F1H
B R R A — | SRAERFE]AIFE SN 0.1 s, FEMIE 3 K.
1.4 BAZTANNE

KGR G H 58T C,,-N-Fe hRER 1w T5 M7 09 581/ 8 )5 AT R, LB AR LR A TR LA ; Pu
(1.0 emx1. 0 em) AATBI M ; 2 R i AT H R FA (SCE) . T8 J5 LA C,,-N-Fe
ERFRER RIS L (6x10™ mol/L) /4 NaCl (1x107* mol/L) ¥ 1, 7EIE BT W 7538 30 min AHFAT
A, RIFEAESHE T, T-0.1~0.8 V HFXELL 100 mV/s AT,
1.5 IFEFRRE (cme)

BCE 2 2H RV EEAH R Y C,,-N-Fe RUERRRERA W, Hoh—4H A H,0, %k, BT 25 ClHEKER
HEE 24 h, SRR IRE S BIE 2 AR K ), EEWE 3 RIBCEHE{E.
1.6 JEIKAIHIFF014EBE

W, PG PR 9 A T e PR35 245 RS I AR R B e, IR 2 245 AR T TR AR R B e ]
(IR A AT RIS PR 2 1 35 MR A i M. KF 10 mL ¥R FEE R 7x107° mol/L Y C,,-N-Fe EBRER 7 1 i M
FIEWOMA 50 mL HIEER R, SR TRIZIRS 20 K. 1057985 45 F5 I H0AR R, Ry iR (AR
I [) P A5 AL A
1.7 FLikRIHIEFEse

TE—ZRHE 6.5 em, HAL 2.5 em, FHR 25 em’ BIHSDIR/NI I 7 mL R IGHEFIER, 5
A 7 mL IEZ8KEAETRAH, I XHF-D 5350 8as £F 8000 r/min ¥4 FFLAL 2 min. BHIENFLRET=E
T e — Bt ], SR LRV B s (] f) 2B K 2 5 B0 2 AR I 4. FLIRVB I 45 S8 e, FH R AR
BT FLAR IR AEAS R I 20 B9 LR F . ] VHX-1000 M35 =4k BRS04 T AR .
2 GRS
2.1 C,,-N-Fe B pH MO 1T A

R E R 1x107° mol/L C,,-N-Fe £k 2 £h 2 1 1% 14 77 (4 7K 35 W 28 B9 A S5 8 /K 11 NaOH/HCI,
B 1A SR TR B R AR I 2. o0 T kSR 9 SR AR, BRI 500 nm HEA TN E.
R s 6 PR 6 2 T 1 R TR K IR TR 3B Rk 8 96% , X & T C,-N-Fe $hiah BAT R iGE, KK
VAR EE R, FTLAATRVE TS , B0% . MR in ASEEE /R B NaOH J5, BCR FHEE] 12%, X EH T
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2.2 C,,-N-Fe B L/ E MR 1T A Fig.1 Optical transmittance changes of C,-N-Fe
i A RS A E AL C,,-N-Fe LR £k i aqueous solution (1x 10~ mol/L) after adding

SR Al G C,,-N-Fe =S IYN NaOH ( solid time) and HCI( dashed line)

WO RIAT AT R 2(A) iR IR SR 2T LA 1, EALASR) €, -N-Fe #Y vy, B K, [FH} eme
WHK, UEI LA I 1w 6 R B AR R MoK 1 A REJ) R B, X2 T C,,-N-Fe #%8b )5 2k R T2l
L (Scheme 1), 43T A A FHHAE RSN, SEOF PRI R, v, 0 R EE R e R
T A HES | SR RERE 4> TR AU K Sy, 1 47,93 mN/m $8H05)] 54. 62 mN/m. i Tl HE T+ B 4
i, RIS P AR SR AR MU R A i R BH ) 253K, AT R 3K eme 2338, 40405 3R 180 15 14 57
) eme 1 1.25% 107 mol/L 4 ANE] 2. 4x107° mol/L(F 1). Mil& 2(B) A WL, C,,-N-Fe [ % fb I Fiik
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Fig.2 C,,-N-Fe hydrochloride y-lgc graph(25 °C) before(a) and after oxidation(b) (A), cyclic voltam-
mograms( 100 mV/s) (B) , UV-Vis spectra of C,,-N-Fe ethanol solution(1x10~ mol/L) before and
after oxidation and reduction(C) and the change in absorbance at 455 nm while C,,-N-Fe(1x107

mol/L) before and after oxidized by H,0, and reduced by electrification
JRWEHL A7 43528 0. 257 F1 0. 177 V(ws. SCE) , WEH], Table 1 Surface activity parameter of C,,-N-Fe

e AE, =80 mV. Ht, C,,-N-Fe &g Eh 2% i surfactant before and after oxidation in
FLELA BL 45 10 2 AL I8 TR B, 16 2(C) J2 the air/water interface 25 C)

C,,-N-Fe LB (1x107° mol/L) FEAFPIRE T Y Surfactant  eme/(mol » L™') o/ (mN - m™)  A/nm?
LHMNIBGER , W] W, AF 455 nm b L TR EGER] CoNFe 1.25x1073 47.93 0.6139

P R Ny N 4 e W Cy;-N-Fe-0, . -3 . .
HOREEIE, 1 C,\-N-Fe B ILIR ARIFIEIN 2, 31— 220 =2 =
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B A AT A A 5 23 F A R U e SCE T B, P RS A A . B 2(D) T I,
C,,-N-FefE 455 nm 1YW R # HAL A AL FIR R & AR TGRS 1L, BB C, -N-Fe HAT R 47 & LA 7 T
Wik
2.3 C,-N-Fe W% i1, 2 & i F AR BN 51T A

S O A R R R AE — R AN E AR BRI, T DAFE R AN e R A =2 (D3R 47 98 49 19 3
EPU L 3(A) MR C,,-N-Fe $hERER R TG PEF (7% 107 mol/L) WS VBR ¥ 45 3G HA4R A IR A, ]
W, JRGHEHRIE C,,-N-Fe R HLIE R A=A T KE IR, R T RAE R MG MR 0 & ik, DLy
PHES 3R 15 M%) CTAB 7EAHWIMEE T B & Wk [ 8 3 (A) A J4E XL, CTAB 5 C,,-N-Fe #hR#h
FATE R EA G eme. @t X AL, EMFERET C, -N-Fe 8™ £ MR FIZ L CTAB
BN, X C ) -N-Fe A ERRFE 12 116 1500 9 & 0 M RE SS9 T CTAB.

60 )

.......
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Fig.3 Foam volume(A) and the foam volume change with time(B) for 7x10~° mol/L

MR AR T T LE ) WL 2 45 R YL TR PR BB I 1) f A8 AR AT . a1 3 (B) AT, i fiE A
FER A B T E IR IR 248 25 U, CTAB WOVLIR IR FRTE R 5 45 RS JLF- B0 k784K, B2 G, -N-Fe ()
R AR R T PR A A A BB A I ] B 28 AN Wi/, T LI € -N-Fe BERFRER 713 01 15 14 571
AR PERESS T CTAB.

W 4 s, 1 BES 7x107° mol/L 1 C,,-N-Fe FERRER F 1% M 0 W 4R % 20 U5 7 A 13
B 4(A) TN T 3% R ) 22 B8 R B 1) NaOHL, PR 57 20 YK, 2% BH I 336 7003 8 vl 2 i ) 7
HERCE i, I B RARWWERESI [ & 4(B) ], FHATEIR AR P INASEEE /K81 HCL, 3
TR, % 20 K, WK T RIAE 1 I BV IR i B B FRAIR[ 18 4 (C) . Beai 2 RRW], 4
NaOH Hl HCI ZZ AR, C,,-N-Fe $hWEL 2 11 {5 1557 (149 A {o vk BE ol AR rT gt oo 56, IF HaxX
PRI LAEE 2 220K (WA SR B 82) . 32 i T2 A NaOH/HCL {45 C,,-N-Fe 7P 4L
5 )RR R R R T PR Z [ A EL R AL, S R B i 7 P A 3 1 05 P =2 TR A L AL

NaOH HCI H-0- Vollage
Shaking Shaking Shaking

' Shaking

Fig.4 Foam volume of C, -N-Fe hydrochloride aqueous solution (7x10™* mol/L) (A) alternate adding
NaOH(B), HCI(C), oxidized by adding H,0,(D) and reduced by electrification(E)
4R35 20 YK J5 7 AR IV oI S B JR (19 H,0,, #HE 2 min, FRIRY 20 IR, R ILEBOMIK
R TR, W AR GRS 4(D) ] XM T H,0, MIIALE C\-N-Fe ThRERFR T
PEFRN 53 ¥ B K T TE AT, 2 TGP0 H B0 /K Sk PR K BE e 72 S 2L Bola B BUE K LB, &
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oy FAE S PR A AR BB K, C,-N-Fe ER R £ 2 1 3 P70 K P W A S AL R 10 2 ik 7 il &
[ 2(A) TATRAR B, S H,0, A0 192 1m0k Iy 22 W i i T UG A, ik Ha8ml Jan, 40P i xt
Ry, (47.93 mN/m) Z/NFEALE Y v, (54. 62 mN/m) |, H2E{H Ay, =6.69 mN/m. X4 L5 S
BRI AR Al AT B W B PE R AR f. S SR 00 B SR A B0 1 ST AR AR A, R BAR A A2
S RSO R B R G, DR R T RE S R L T A L R P A Tt 4 T € 7 VR L 3
J518 h, R I TRER A AR B, Bk 20 R, VMRS T RIELRE ) FLIRLIR BT s [ 181 4(E) 1. 4% |
WEER S 3 R, WK BA R R IRE T) (WA SCCRHE BIE S3).
2.4 C,-N-Fe &G A ZLI0 1 BE R Hl B0 K2 4T A

B S(A) AL B R, ARRMEEE ) C,,-N-Fe EhARE 2 0 16 ME IO KA, Fh/ KRR
1 Vil B FLIRBRE 1 d AN A, 181 5(B) NASE 30 d Ja BISNILIR Fr. i3 R B, A€ 30
d J&, HREEEREE/NT 1. 6x107° mol/L B 12 ZLARE B WAk 3 284, £ C),-N-Fe
AR TR Eh 2 S PR T2k BER, R BEAS R BIARE FLIAAE . I 5(C) M B 7 ml UL, Ry
1x107 mol/L BYZLI VR K, ORI/ AN, X HIEN] TR AT ; B 5(B) bl LK,
B 2R TG PR BE B3 K, FLARVBAR R by 798 B2 22 1 240 I A K s i i/, Sk BE R T 3x107°
mol/L B, 43t 7KL PAE , SCRIIZLREIT 6 TAaE. M 5(C) MU R T L, BE& Wk
A, FLIBBORL AR AR AR WS /N, HBUR R AR 15), LI A e PEAS DA .

Fig.5 Photographs(A, B) and selected optical micrographs (C) of n-decane-in-water emulsions ( volume

ratio, 1:1) stabilized by C,,-N-Fe hydrochloride surfactant alone

(A) Taken one day; (B, C) one month after preparation. The concentration of C,;-N-Fe hydrochloride in the aqueous

phase from( ) to (V) is 1107, 1.3x1073, 1.6x107%, 2x107%, 3x107%, 4x107> mol/L respectively; (C) Concentration

of C,,-N-Fe hydrochloride in the aqueous/(mol + L™1); (C,) 1x1073; (C,) 1.6x1073; (C;) 2x1073; (C,) 4x1073.

TEWCAEE ] 1. 6x107° mol/L 1 C,,-N-Fe shIRERERE BIFLIRIK , S8 I 015 1 70 A5 B 7R Y
NaOH/HCl WEZEFLI B AMRAR A , HT S A  SR R SL URE ) O A8 4k

e 6 iz, C\-N-Fe $hfhis fFLIRAN AR E , WU SIS FRCR[ K 6 (A) |; BEE
NaOH HYIIA , FLRBFL S BOK I ZE , WRUR A R SLBBOR EEA T L[ 18 6(B) 15 10 58 B LAY
WA HCL 5, B 2 min, FLRAMIARE , FLHCORURLA RS TS 2K 8 6 (C) 1. DL B4Rk
HEZ 3, C)-N-Fe thiREAN HA R FLLARE ) (WA SCCHHFE R S4) , I €, -N-Fe $hRELFRE
LR AT B B R ] 0 T S

HIBTR TR, Y1 R PER) C, -N-Fe hRER PN NaOH J5 , T M 0] 23 i 46y Jo 2 1o 1k 1k
RS , ASRETEIM/K FETEIE MO TR, S0 B0t i 2 () R SR 4G, slomi LRI & AL LA A HCL
JE AU AR S B R TGRSR ER , REAEIE LR i FLm e, ARk Sk, wkom BA FLALRE .

PR 1. 6x107° mol/L Y C,,-N-Fe #hFRERFEE HYFLIRI, WEZZFLIINA H,0, Ak FlE HL ik
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Fig.6 Photographs (A) and corresponding optical micrographs (B—D) of n-decane-in-water emulsions
stabilised by 1.6 x 10~ mol/L C,,-N-Fe hydrochloride alternate adding NaOH/HCl undergoing

switching off/on cycle
(B) Stable emulsion; (C) after adding NaOH; (D) afte adding HCI followed by homogenization for 2 min.

JEE RSN IAEAL , FH AR P R WA L IBOBORE (4 Tl A 1.

WnpE 7 fes, SLRASMIESE , WA SR B S 0RCIR. BEE AL H,0, A, FLIRBCL S
BatKor R, BRI R R BURFEASTH G I 7(B) 1. 38 HL A SRS FOBT B 2 min, FLIRSMOERRE, 7L
BOWORL A R B WL AR [ B 7(C) ] 3w, R PR R i/ 7Kk S8t ThT 5K 1 1) BE ) FLIROR e Y
B, RIS PR LE I/ K S EE B S8 5, i/ K Bk AR, Rl st AR e Y. k1
AL, FESEAERTSS C),-N-Fe B3R BRER 2 T P78 U/ A T RS 5 4 1) 70 7 B AR 0. 6139 nm” 1%
INE] 0. 7488 nm? , FAAIRF 5 P BTV R, e R 2 T8 I PR 7 SR B HES AR AR , R HL0, /Y
IMAAE AR R FL I/ 7K S T HED ) S B R A i as , AT BCEL IR L o2 . 38 Fad i R 3 T 17
FIAFIRE BIRLEIRAS , eSS AR A3 5%, FLBT AR, A LEREEE R 39K, € -N-Fe £
PR AR FLALRE ) (WA SRR E B S5) , NI €, -N-Fe $EAR #h 78 2 0 FLIRIEAT RIFHY
A JFOTF S,

Fig.7 Photographs (A) and corresponding optical micrographs (B—D) of n-decane-in-water emulsions
stabilized by 1. 6x10~* mol/L C,,-N-Fe hydrochloride oxidation by H,0, and reduction by electrifi-

cation undergoing switching off/on cycle

(B) Stable emulsion; (C) after oxidation by H,0,; (D) after reduction by electrified followed by homogenization for 2 min.
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3. &5 i

%U%Tﬁ&/mﬁuwt/uiﬁﬂiﬂmr”?*”%%ﬁzﬁ PEFI A C\ -N-Fe, T A UL s g AE 1,
FERRRERAE S ORI/ W LT AT S AT UE S A% pH RIS A S B A HEA T 4. pHL Y ks m] LA
AR HAT G AR SR T P 2 (A1 e, /a1, 0, AT LR HR i 1 235 TR, [l ] LA o v
(=S AYN B’Jjﬂfﬁ LR AT 2 T T P 32000 SR gl i 7 280 2 v 935 550 LAY R A & i vk E AN LAk
PERE, [RIMPE L pH AU B2 N AT LA 7 (o b 8 e PR R FL IR R S P

F #1428 hitp . //www.cjeu.jlu.edu.cn/CN/10.7503/ ¢jcu20170054.
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Synthesis and Properties of pH and Redox Dual-switchable Surfactant’

YIN Jinchao, CHEN Yukai, JIANG Jianzhong" , CUI Zhenggang
(Key Laboratory of Synthetic and Biological Colloids, Ministry of Education ,
School of Chemical & Material Engineering, Jiangnan University, Wuxi 214122, China)

Abstract A new dual-stimuli responsive surfactant intermediate 11-tertiary aminehendecyl-carbonyl-ferroce-
nyl(C,,-N-Fe) was synthesized. The structure of the product was characterized by mass spectra and 'H NMR.
The dual-stimuli responsive properties of C, -N-Fe were investigated by optical transmittance and cyclic volta-
mmograms. The results show that C; -N-Fe has good dual-stimuli properties. pH and redox dual-stimulated
responsive foams can be prepared by C,,-N-Fe hydrochloride surfactant. Moreover, the defoaming process
triggered pH or redox reaction can be completed within 2 min. C,,-N-Fe hydrochloride surfactant can also act
as the emulsifier for n-decane/water system, because of it contains rigid ferrocenyl on hydrophobic chain. The
C,,-N-Fe hydrochloride emulsion with uniform particle size can be prepared. Besides, the stability of the emul-
sion becomes more stable with increasing of the concentration of C,,-N-Fe hydrochloride surfactant. Further-
more, the emulsion can also be triggered by pH and redox dual-stimuli.

Keywords Surfactant; pH-stimuli; Redox-stimuli; Foam; Emulsion
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