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Synthesis and properties of long aliphatic chain amidopropylsulfobetaine
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Abstract: In order to investigate the properties of long aliphatic chain amidopropylsulfobetaines, three long
aliphatic chain amidopropylsulfobetaines were prepared from methyl stearate, methyl oleate, 11-(3,4-dimethyl-
phenyl)-stearic acid methyl ester, 3-dimethylaminopropylamine and 1,3-propane sultone by two-step
reaction, then characterized, confirmed and evaluated by "THNMR, mass spectrometry and measurements of
surface tension, temperature and salt resistance, foaming property, oil-water interfacial tension. It was found
that all three long aliphatic chain amidopropylsulfobetaines obtained exhibited good surface/interface
activity, foam stability, emulsification ability, as well as salt and temperature resistance. 11-(3,4-Dimethyl-
phenyl)-octadecylamidopropyl-N,N-dimethylsulfobetaine (C;sDAMSB) displayed enhanced surface activity
due to the introduction of aralkyl groups into long aliphatic chains with both the critical micelle concentration
(1.57x10° mol/L) and surface tension (28.89 mN/m) lower than those of oleic acid amidopropylsulfobetaine
(UC;3sAMP3SB) and stearic acid amidopropylsulfobetaine (R;sDMSA). Meanwhile, the double bond in the
hydrophobic chain of UC;sAMP3SB made its salt tolerance better than C;sDAMSB and R ;sDMSA.

Key words. zwitterionic surfactants; sulfobetaine; surface/interfacial activity; emulsifying properties;
foaming properties; salt tolerance
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AT TWRANAIG . A& S, ¥ ok
B ODURRE | FEAESL I 5 A B L E SR ok i — 2
TRk A R/ R R . B PSR T B
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11-(3,4- W 32830 -RH R R I IR, Joi & 40 50>
90.0%, FIil; 3-—H MMM, Takg, ik
FAERATF; LRI, WEE. NaOH. NaCl, 7o
7K CaCly, Jo/K MgSOy, Friirali, EzysEr fbazik
R BRAT s R WA, fh2eal, L
MRAE AL B A BR A W) 5 1,3- AR R P 1S A i 7% P G
MR WA, Tolbgt, BUpn Tl (b ) A BR A 7
GF254 RERCAR . AEJZMTRERCKS (200~300 H ), H 5
WAL T A BRA R s S50 FH /K 359 Ry 8 2 K BIL A 25 1)
Rk,

RES2CS e KA, LW oRAEIERT
Avance 1400 MHz #% g 24z I 154% , Hi-+ Bruker 2y
il ; Agilent 1100LC/MSD A (o3 - i e Y, 36
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3wl TX-500C Jieke i ok J14%, 2 CNG A F .
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2 I SCHR[15-16]8 18 3 Fl-K i i ok i 79 L s
FERHSEm, LA 11-(3,4- —H J-ZE 50 -+ /U JE ke
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Jf, BARJTEIT

$ 40.24 g (0.10 mol ) 11-(3,4-— I K- 3t)-fiff
NG F S A1 18.76 mL ( 0.15 mol ) 3-— FF g B 75 e
A= R, SRS NA 4.00 g (0.10 mol ) NaOH,
FRIABEFE Jmk 8 N, AR, FHE 2 160 °CIAlE 8 he
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Be) : VIRED=10 : 1 BIRAW, BURB AR, R
SRR, DR R R SR Y 3-SR DY R
e, BHI BRI, 93] 11-(3,4- 7 830+ /bt
FEE R — R a4 ¥ 9.44 ¢ (0.02 mol ) Hr ] {4 |
100 mL 2R ZEInA = DB, JFR e . ndh
%90 °C, ZE1E N 2.21 mL (0.022 mol ) 1,3-TN i
FRNER, 058 58 5 REE2 Al 12 he TLC M
KR, JFFHIh MW 5e) « V(R EE)=3 : 1 iRA
W, MUOMEAR], RNV IERUE, HRRH, ik,
VB V(CROTR) « VITED=5 : 1 WIRAWES
fm 3 K, 193] C,xDAMSB [E{A 11.17 g, 77K 76.44%.
THITR Ik Jiie T R BE SR ( UC ,AMP3SB ) M il fig
A B i TR LAt L S ( R sDMSA ) A W 15 [
b, PEERAIN 72.49%F1 75.32%, 3 RS 5 BE I
Jie R R it L SR ) B BB 2 T s
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CisDAMSB #Y FAE 545 W F . "HNMR (400
MHz, CDCly), 6: 0.82~0.87 (t, 3H), 1.10~1.24 (m,
22H), 1.54~1.55 (m, 6H), 2.01~2.04 (m, 2H), 2.19 (s,
4H), 2.24~2.27 (s, 7TH), 2.71~2.86 (m, 2H), 3.13 (s,
6H), 3.33 (m, 2H), 3.44 (m, 2H), 3.65 (m, 2H), 4.13
(br, 1H), 6.93~7.06 (m, 3H), 7.65 (br, 1H); ESI-MS,
m/Z: [M+H] BRiS(E K 595.5, MIR{E N 595.6.

UC;3AMP3SB HYRIEZHEW T : '"HNMR (400
MHz, CDCl3), d: 0.85~0.92 (t, 3H), 1.20~1.45 (m,
20H), 1.53~1.65 (m, 2H), 1.93~2.12 (m, 6H),
2.15~2.31 (m, 4H), 2.81~2.94 (s, 2H), 3.07~3.25 (s,
6H), 3.27~3.39 (s, 2H), 3.43~3.55 (s, 2H), 3.61~3.81
(m, 2H), 5.28~5.42 (m, 2H), 7.59~7.71 (br, 1H);
ESI-MS, m/Z: [M+H] B8 Hy 489.4, MK {EH Fy 489.6,

R xDMSA [ FRAEEHEUT . "HNMR (400 MHz,
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CDCly), d: 0.84~0.91 (t, 3H), 1.19~1.34 (m, 28H),
1.52~1.66 (m, 2H), 1.98~2.13 (m, 2H), 2.16~2.32 (m,
4H), 2.83~2.97 (s, 2H), 3.06~3.28 (s, 6H), 3.30~3.41
(s, 2H), 3.45~3.58 (s, 2H), 3.62~3.76 (m, 2H),
7.59~7.71 (br, 1H); ESI-MS, m/Z: [M+H] BiE{H
491.4, MHA{E N 491.6,
1.3 RS
1.3.1 & @K A BB M X

K AR AR BLE TR 3 Fh AR TR vk B Y KB i B
i e P R R SR K A R TE 25 °CTF iR IHT5K 7,
MRAE LS R R mak Ty (y) SWE (1gC) K
Mg, gy sc s W 3 P i A e A 5k
i 5 Sl 199 11 AL R ok B R BT X6 g 1 % kT
yemco MRIEZ (1), (2) THEILRI IR ey FOF
Y53 F IR Ain s

P [ayj (1)
2.303nRT (d1gC ),
1

Ain = Nl
A Doax HIEFIER L, umol/m?; y NEH K ST,
mN/m; n AEFRBFIE, B 2; R MBS
W, 8314 J/(mol'K); T WS E, K; CH
FHETGERI AR, mol/L; (9y/0lgC)y J KT 7k /1
5B S R MR ARER 5 A O350 FHIL, nm’;
N M BARANFE 2 5 i, 6.02 x 107 /mol.

TE 20~80 °CHY, 433k CsDAMSB ¥k h
2.0x107° mol/L .UC;sAMP3SB ¥ J& 4 1.5x10* mol/L
& RisDMSA ¥ A 5.0x10~* mol/L 17K ¥ ¥k 2% 1 7K
J3, FIWr 3 3 S P R A R
1.3.2 Bkrat

KRG 0 3 A i I e 1ok P P L sk i
SRR A AL I RE S ANt R AR R TS T T A R A
1 g/L (R TG PRI KW, 76 7% %22 50 mL B FE45
ORI (Hy, mm), RIZIRS 50 1L,
O B IR & B (Hy, mm) RIS = R

(H,, mm); FFF 10 min, 058 PIEIEN & E
(Hy,, mm, HH, hidwE 1, 2. 3. 4. 5.
6), ek 6 Ko M (3). (4) 5w M
FA)AES U RE ) 5 I R RS P

- H +H
FRE /% =TT T o

(2)

-H,
9 %100 (3)

0
o X H
WkRaENE /% =
Hl

x100 (4)

1.3.3  sUibkse

SR TR DU 3 4 I M e Pt M R s
SR FLALRE I A3 25 mL A AT A
i, IABZEE T, BRI 25 mL BRIy

1 /L (AR TS PR KW I EHR sh HL2E48 50 1K,
#E 1 min, CEFLMMST N 10 mL RS 20 B
W), W5, GRECEYE.
1.3.4 @&t3Em

7 BB — R B A E it Y NaCl, CaCl, K&
MgSO, T 50 mL “FJic B [ Eb 4 i, 5x107 mol/L
AR i 5 B P I TR R B L ISR K R E 2, T E
2 h JE WSS W V6 T B, 2 I GT/B 7381—2010( &
AT 376 14 390 A A K P RS P I R ) TR TR T
JEE V1) 4t 35 ) U 2 T R R P T M o VA TR T B
e WEME. L@ R, DRVIESERY (UiE
SEERYEE <0.5 cm ), RIEDIELEERY (TivE
BRI E>0.5 cm ).
135 AR @EA

2 MR SCHR[ 191 5R FH e 7 1 53 1o i 430 5 v 7K
B REK T . DR DEIL 3 X (F6E R
2.3 mPa's, ZJE N 0.85 g/em® ) NIFMEES, X EIR
BE 50 °C, @ 5000 r/min, W3R B4 R
0.2, 0.5, 1.0 J 2.0 g/L A9 JIE iy % Ik e 79 L it L it
S 2 KR (AL 15000 mg/L ) 7EA[F]
(i) F% Eh 7K AT 7K T o

2 ZER5TE

2.1 FREKAMK

TE 25 °CH}, 3 P I 15 Bk B Jide 79 S A 32 5 S
2% TR 935 A 91 7K AR 1A =4 T i 7 o e 2 72 A ik &4 2 1]
1 iR,

80

= C;sDAMSB
* UC,;AMP3SB
AR,;DMSA
__60f
&
z
&
=
401
20 L

-55 50 45 40 35 30 25
1g[C/(mol/L)]
El 1 C;sDAMSB. UC;3sAMP3SB fil RisDMSA Fifiik 71
i o 5 A Akl 2
Change curves of surface tension of C;sDAMSB,
UCsAMP3SB and R ;3sDMSA with their concentration

Fig. 1
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# 1 25 °CH} CgDAMSB. UC;3AMP3SB X R ;zDMSA
) 2% TP B

Table 1 Surface properties of C;sDAMSB, UC;3sAMP3SB
and R ;gDMSA at 25 °C
B CMC/ yemc/ D inax/ , Aminz/
(mol/L) (mN/m) (umol/m") nm
C;sDAMSB 1.57x107° 28.89 3.02 0.54
UC3sAMP3SB  1.29x10™* 31.51 3.42 0.49
R;sDMSA 4.14x10™* 33.23 3.86 0.43

MF 1 AT LIE H, CsDAMSB FIIfi 5L o i BE

yome 1 Diax 23914 1.57%107° mol/L . 28.89 mN/m i
3.02 umol/m* , % W M B & T UCsAMP3SB
(1.29%x107* mol/L. 31.51 mN/m F 3.42 pmol/m?)
M R;sDMSA ( 4.14x10™* mol/L. 33.23 mN/m
3.86 umol/m’ ) , X A i Je: T AR Wi Bl v 1) 05 o 3
HIRT CisDAMSB 43 F HOPRFR i Ho e /0 A 1 1)
TR /N, 4 CsDAMSB 4 i B 4 Vi 19 K
IR RS, a0 3 T PR R 2 MR, TRV
WhBE W, 1 UC s AMP3SB 7E/M A1l
W2 BAEHE B B, 38 7K 5 H ) KU 6 7K 35k [T A A= 25 i
P&, A B, T R;DMSA B
IR R B, B A VR B A 1 — 2D 3 RO B
ok, A CsDAMSB il UC;sAMP3SB 2 FiLHi BT
IR T PERE

X E SC Rk A H LA i S ) I R e o ik
FESREGK S, G55R MR 2 PR,

2 ARIUREFEFHEERIG FRE Ak B S 2 Tk ) i L

Table 2 Comparison of CMC and surface tension of series

of sulfobetaines
B CMC/(mol/L)  yeue/(mN/m) B33k
Sb16-3 2.9x107° 30.46 [20]
U22-DAS” 9.3x107° 25.50 [21]
EASB 1.78x107° 40.10 [22]
C;sDAMSB 1.57x10°° 28.89 A3
UC;3AMP3SB 1.29x107* 31.51
R;xDMSA 4.14x107* 33.23

@© MiiEREES 80 °C.

% 2 ATRUR B, KBEEBE R LA g
RIFpyRmEE, HRE bR R, R TErE
Wit — 2Tt o B KL PR EE K N 16 117Xk
SR TS0 (Sb16-3 ) Fb I 5L e o v B K %ot 7 i)
FMGK SR FUREER L R 22 1Y FF I Ik Ji fff L i
SAR( U22-DAS ), 3% F2 B8 fy e S 1 1 BB
A PR 00 SR K MR 22 AR A AR A T
B, EARFIR N REREAL, RS IR B, SEi

R, 51 ATFF e A ] DU i 280 R AF Ik 3] 42
THRENE R H A, SR, Kb aE & S8R
TG PR A A s AR 22 051 b sz iy i P A PR A
DRI T 388 5 | 5 7K 35 T 138 3 3 T 56 2 791 90 K i
H 5 I P P 2 G 0 2R T I 4 TR AR /A T B A A
W, SRR E S M. Bildn: RsDMSA B9k
FEHE L Sbl6-3 A, (HEE s 5| AXG5s T =K%
P, SEMERAEMEAR 2 . e, JF IR L e 2 L i 3
R0 ( EASB) "R 4244 T R4k, 2
FTE TG E L U22-DAS 2%,

C;sDAMSB. UC;sAMP3SB Fll R;sDMSA 7K
T T e g B L R A Al R 3 TR .

%3 ANENRER C,sDAMSB. UC;;AMP3SB #1 R;sDMSA
i G L il

Table 3 Surface tension of C;gDAMSB, UC,;sAMP3SB
and R;gDMSA at different temperatures
K1 5K JJ/(mN/m
L C (mh/m)
CsDAMSB UC,;sAMP3SB R;sDMSA
20 28.50 31.79 33.97
40 26.90 30.28 32.31
60 25.60 29.77 30.95
80 24.70 28.91 28.43

M 3 ATLIEH, CsDAMSB N 2.0
10° mol/L. UC;sAMP3SB ¥ JE N 1.5%x10* mol/L
RisDMSA ¥R 5.0x10* mol/L /K 1A W 2 1 7%
Bt R T v TR A, T AE 20~80 °CHu Rl PN 4 PR HF
BAR A R m sk MR Gr AR e e, 3 AR D5 BE
e TR R il R T SRS EL A IR e P T L 12 o
2.2 EKMERE

TE 25 °CH, MK 3 BN i ae I e 7 Je e S i
SRR AR I M A IR AR e M, 2 SR 4 FiE 2 Fos

%4 C;3sDAMSB.UC ;3sAMP3SB Fll R;sDMSA ft i fii
Table 4 Foaming ability of C;sDAMSB, UC;;iAMP3SB

and R;sDMSA

R HEHLRE /%
CisDAMSB 127.3
UC,;sAMP3SB 102.9
RisDMSA 97.6

M 4 AT LAE Y, AE 3 FloK S A I i 79 L sk
FEFHm, C\sDAMSB WA . MK 2
AT, AH 3 i i e Ik Mg A 2t 3 S 0k ) R
FOE PRl XA HESE T CisDAMSB ik 2l 5t i
MR EERT, sk S A%, AR TR A,
M CsDAMSB. UC,;sAMP3SB #1 R;sDMSA [13£7K
SLFLAE AR R, ol A 26k BE B K A RE AR TR
PRI T 9 R B A PR A o
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PEF I 18] A4 722 1 il £&
Fig. 2 Change curves of foam stability of C;sDAMSB,
UC3sAMP3SB and RisDMSA with time

2.3 Fikgk

TE 25 °CHF, A 3 R i e i i N Fik ek
FHSEHOGH REm AR IAR A S  FLAkBE Sy, g5k S
i

%5 CsDAMSB. UC;sAMP3SB } R;sDMSA X4 i
AR TR FLALRE
Table 5 Emulsifying capacity of C;sDAMSB, UC;sAMP3SB
and R;sDMSA on kerosene and liquid paraffin

AT AT /S

i - —
PCRTiH TRAARAT U
C,sDAMSB 249 513
UC,sAMP3SB 412 254
R;sDMSA 353 373

OMARF R R 43 10 mL K75 B ] o

M 5 ATLAE W, 3 R AR B ik e 73 i ik 3
SR X T S RN A A s 8 L AR BE A T X
CisDAMSB M RV A4 A7 B rh 43 25 4 10 mL 7K JIF
TR 4350k 249 F1 513 s, HXF R SR 2Lk
PEREAE T HE, 1 UC,sAMP3SB NI 5 A B2 #a 34, 4
T H K 3 AR AR 4% 1) R ;sDMSA, CxDAMSB
B 7K A D5 ot S AR T SR K-SR T, MR T
HE M, T UC,sAMP3SB B 7K 35 Hh iy W s 3455 T
R, S8 3 B X AR A S AR LA M
NGIS
2.4 gk

TE 25 °CHY, 3 FlH i ik B g P o i 35 =2
BN ERE AN 6 froas. 3R 6 ATLIE Y, 3 FilisNT
TG T i P i S ) LA R A i e, ELX Mg
BT A2 M T % Na™Fil Ca®* 3342 iy Tl B fH S 20
TFrhEIBT A . MM E T, KRR R E
FIRCERLJZ , AT DL S b JC ML B 7 i R 4R Y
Hdr, UCsAMP3SB X} 3 FpICHLER ot 32t i
X ] e A2 F L K 3R A ) U i T KV T

TEKIE W BIKSAERT, JOHLEH B 75 2R Ry ik
JEARRIEAAHL )2, IR K & 454, B mE M
FIFRAT, 1T C1sDAMSB i /K 5 14 35 4o 56 ) £ 1
KPR 25, TEMr$h Ve LR B SRR, o

# 6 CsDAMSB. UCsAMP3SB K R;sDMSA (it 51
Table 6 Salt tolerance of C;sDAMSB, UC;sAMP3SB and

R;sDMSA
BE L ToHLER B/ (g/L)
1 5 10 20
NaCl W e SmiiE SEUE
CisDAMSB CaCl, wHW A ARl DEUiE
MgSO, V&M EMT  AE L
NaCl W W R
UC;sAMP3SB  CaCl,  J&Mi  i&Mi A& R
MgSO, VM W T R
NaCl &M &M #e R
RisDMSA CaCl, i5WF F o ARIE PRI
MgSO, VEMT  VEBT B L

25 HAKFREIKS

fE 50 °CHY, AW ER 3 AN 5% i
e TR A i S5 i e J2 /K V5 R -5 i 3l ) 1) B T ke
B RS AL 2R Nl 3 i, MR 3 T LA, 78
30 min B}, FEHECREEE FIY 0.2~2.0 g/L 11 3 FAg
I 5 T P R 35 i 356 SR Bl b )22 7K VR X PT 5 i ik
F| 1x107°~1x10"* mN/m B GOB RS misk Jr . A%
AT K ST T A R T R AR B e, DA 1 55 il
A B ANVE M S R i sh e, $R R
IMRCRE,

10

—

SR S1/(mN/m)

3K S1/(mN/m)

0 20 40 60 80 100 120
B} [8]/min
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