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Synthesis and Properties of Surfactants Containing Amide Bond
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Abstract: Chloroacetanilide (A) and 4-methoxy-N-chloroacetanilide (B) were synthesized via amidation
using aniline, p-methoxy aniline and chloroacetyl chloride as materials. Then, alkyl dimethyl-2-
anilinoformylmethylammonium chloride ( I ) and alkyl dimethyl-2-(4-methoxy) anilinoformylmethylammonium
chloride (II) were synthesized by quaternization of intermediates A and B with N, N-dimethyldecylamine,
N,N-dimethyldodecylamine, N, N-dimethyl tetradecylamine by, respectively. The products and intermediates
were characterized by 'HNMR, IR and MS. The critical micelle concentrations (CMC) of synthetic
surfactants were determined at 298.15, 308.15 and 318.15 K, and the relevant thermodynamic parameters
were calculated. The surface tension, foaming, foam stability and emulsification ability of synthetic
surfactants were also investigated at 298.15 K. The minimum value of CMC for II ;; was 0.50 mmol/L and
the minimum value of yeymc for I jowas 32.50 mN/m. 1 14 and II 4 exhibited the best stability to foam
(100%). While, for I 5, the longest emulsification time was 1602 s. Under the same conditions, for
dodecyl dimethyl benzyl ammonium chloride (BAC-12), the CMC value was 9.51 mmol/L, the ycyc was 38
mN/m, the foam stability was 44%, and the emulsification time was 366 s. Consequently, the synthetic
surfactants possessed better surface activity, foaming, foam stability and emulsifying ability.
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Zefge R BB T R W RS S R R A, HoA
MR LA, A SR A AR, Ak,
TRAEVERE, W B AR | AR A 22 4R
AT T R EMEE P, Hi, BAC-12 FilHskidk =
H IR AL4% (CTAB) SR A 2 WGl A 32 o FH A BH =
TR, B TSRS, R AR,

R TRk — [l R, RSY A R e A T
S FEER S| A RRE DI RESE AT, InBEREE, AR
BB TR AR, T LA v i ) A 8 v e
AR, E NN T F 458 o5 | B 0 Hi1E
WARZP] Halide!" V4G B T — Fh 76 W 2k i 7K R %
S IR R R A X T P B R s e, ol S
RMFW K AME, ZPIZEmGEERN cMC 8
. CTAB 1y CMC ik, F 5 CUSZ8 5 T —Fh Lt
Y B A 2 2 FE R B o - R T T MR, A
T, ZFEIEMFH CMC {4 0.042 mmol/L, [
BAC-12 1% 216 1%, Anant!"% & 1% 7 —Fh & 4 Bk iz
S SR TR, BT A B R S R A %
T 35 M AP T PR AL T CTAB, Wang! 4 48 T
— T DA 2 o B R A3 M e A e
BOXF PR AT PHES TR i MR, 25RO, %R
TH PR CMC {54 0.046 mmol/L, H BAC-12 ik 198
Wo b, 7EFpdh Fm s En b g | A B, B
A EBE T E L,

VEZ PR . AR IR . A LR e 3
TR SRR JEORE, I WER A A e AL RN, 430
BT RS T ARSI FREEMER, £ BAC-12 41
TAER S LN I B A AR, 2 B T e A 4R
Xt F TG MR ERE AR, A R R A T
R I PER PR IEE MEN S %

1 SRWHES

1.1 RFEEE

T ThE R TR R A A (BAC-12), L
Brhr T AR B A R AR mikbE, R LA
TR AERAF; K, JbxfbT) 5 NN-—H
FBME . NN-— A T N N-ZF AP,

KRG A R A F; A, E . 2R
fis . oK OEE, RETILELFGRAR; DLy
oA el XEHVESE R, fheeal, g E 24
Fe2AR A FR A AL LA ok R R G (7=
brifES GB 1535, Buita5g =49 ), JL=4ERIRIREE
HEREEMARAFA,

AVance 600 T8 5 4% ff LR P i A, Fe 1
Bruker 2] ; MPA100 U4 H sh4% S4%, 3ZE SRS
N3 Nicolet 750 BU(d B - AR 2T ARG TEAN, SEE
PE AH]; DDS-307 B H SR AL, LilgFEREAES);
Agilent 1200 Infinty HWE BT HIAL , L HERFHL A R
) Kriiss K100 YK 7142, 18 E Kriiss 22 A o
12 EHSE

Fie SCHR[ 18] A B 44, DA S mEA B ( Ho e
& A) BB, = FORP RO AR (2,739 g,
30 mmol ). ALBE (3.797 g, 48 mmol ), PR ( 45 mL ),
FEAARI . VORISR, I R e < 2218
W 2wt (5.082 g, 45 mmol ) 5NER (15 mL)
BEEEIK, 29 25 min JEN5gse ., AR5
(TLC) Mg/ b, RN 2.5 h, {51k, f#
PS5 78 AR 20 70 o R N A 50 mL ZE 18K,
Breb A, g, R 100 mL 218K v ik 4, 15 5]
=, FJGK CEEXPRF= Yt A7 et &, 580
o [ R El A A 3915 g, P 78%, MR
133.9~137.7 “C o F LR J7 vk il 2545 BITR 25t [ A 4-
HAAJE-N-A O TR (PR B) 5.212 g, =%
87%, M5 101.3~104.3 C,

Fie FESCHR 17016 B4 465 Fa) v 5 T P 5k 1) PH
FREEER, LT o A1, 1 = FOR RO A
HafajAk A (1.499 g, 9 mmol ), N,N-—"HIFHEZ$ 7 (1983 g,
11 mmol ), ZJif (30 mL), 75~80 C )z, TLC
Wl 2 R R, RN 5.5 h, IR RN . {8 RS 2K
RAUBR LR, WA RFEAR =Y, RO
XA = AT E A i, A9 30 o [ AR 28 3 — L -2-
HMEFE B A L (1) 2.734 go LR
A8 A5 B A R T ), A DG SRR LR 1,
B AN T R

F1 A BRI PR A R O S 96 KA

Table 1 Experimental data of synthetic surfactants
FETHI I 17 R T2 % W R/ °C
B Jot i TV -2 - ZR e R PR R R RESfB ( 1 o) ERAIEEN 87 144.2~145.7
b e YRR IR R W R P S Ak (T 1p) S REAFEEN 91 135.1~138.1
D o e B2 R e R Y R S A B (T 1g) S REATEEN 91 131.9~135.1
BEe -2~ (4-WVEREER ) AR IR P gt TP ks (11yo) 0, A 88 137.9~140.9
TR R T RE-2- (4T ) R EE TR T IS A R (1) 0 A 91 128.3~131.4
TPk R T gE-2- (4-FEE ) R EE AR SRS Ak R (1) [SREAFEEN 93 101.3~104.4
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o e e Oy vy 2 o 0 I
"o~ g H | n 7580T EJ\/' n
K B Iyo, 7=8, L5, =10, I, n=12

1.3 MEgEMK

i REE S (Krafft ): FRHL 10 mg 2 i 4 551
BN, A 1 mL 287K, THE AR & i 2
GBI S 30 min, BAVKER (4 °C )24,
ST IR 2 B AR AR

L% ] DDS-307 HL%{Y, #E25. 35, 45°C
T, RAFRBER IR 48 2 v 3% 500 A =5 vk 3 )
AR B A [ e B AR s VR R L R (EL, 23] «-C il
2. Hid CMC L FM&AHLMRPREZ AT LIS 5]
R o, HRERETERE B (f=1-a) Y,

FskSy. 7629815 K, BRI A ] v
&R M FDK S R I1E, 20 y-c ik,

VELURYERE : FCHI BT 32O 0.1% 1) 2 T8 T35 14 57
KW, 10 mL A RE T 100 mL HESEF
EFTFREWRE 50 &, #ik, CEPIR IR
(Vi,mL) 15 min J5HLIRMEF (7, mL), Faiak
BT A R,

Faa 1 /%=(V,/V,)x 100

FLACYERE : P BT 32O 0.1% 1 2 T T35 14 )
KW, EH 40 mL ¥ E T 100 mL HERE 1,
FMA 40 mL K5, REHRG 50K, #tik 60s,
PR 50 X, sk 10 mL ZKAYEFE] (s ).

2 ZER51HE

2.1 ZE¥IFRAE

HE A& A . 'HNMR(600MHz, CDCly), §:4.20
(s,2H,—CH,—Cl), 7.17~7.19 (t, 1H, J = 7.2 Hz, PhH),
7.35~ 7.38 (t, 2H, J = 7.8 Hz, PhH), 7.55 (d, 2H, J =
8.4 Hz, PhH), 8.23 (s, 1H, —NH—),

& B: 'HNMR(600MHz, CDCls),0:3.80(s,
3H, CH;0—), 4.18 (s, 2H, —CH,—Cl), 6.88~6.90 (t,
2H, J = 6.3 Hz, PhH), 7.44~7.46 (m, 2H, PhH), 8.14 (s,
1H, —NH—),

[ 10: '"HNMR(600 MHz, CDCl;), 6:0.87~0.89 (t,
J = 69 Hz, 3H, —CH3), 1.25~1.35 [m, 14H,
—(CH3)7—], 1.79~1.83 (m, 2H, —N'—CH,CH,—),
3,42 [s, 6H, —N'—(CH;),], 3.60~3.63 (m, 2H,
—N'—CH,—), 4.87 (s, 2H, O=C—CH,—N"—),
7.12~7.14 (t, J = 7.5 Hz, 1H, PhH), 7.30~7.32 (t, J =
8.1 Hz, 2H, PhH), 7.80 (d, J = 7.2 Hz, 2H, PhH),
11.71 (s, 1H, —NH—); ESI-MS, m/Z: [M-CI]",
319.2744 (FiE1H), 319.2716 (ZMHE) .

[ »: '"HNMR (600MHz, CDCls), 6:0.87~0.90 (t,
J = 69 Hz, 3H, —CH;), 1.25~1.35 [m, 18H,
—(CH,)o—], 1.81 (br. s, 2H, —N"—CH,CH,—), 3.42
[s, 6H, —N'—(CH3),], 3.61~3.64 (t, J = 8.4 Hz, 2H,
—N"—CH,—), 4.88 (s, 2H, O=C—CH,—N"—),
7.12~7.14 (t, J = 7.5 Hz, 1H, PhH), 7.30~7.33 (t, J =
8.1 Hz, 2H, PhH), 7.80 (d, J = 7.8 Hz, 2H, PhH),
11.73 (s, 1H, —NH—); ESI-MS, m/Z: [M-CI]',
347.3057 (FRiB{H), 347.3046 (SLil{E).

[ 14: '"HNMR(600 MHz,CDCl;), §:0.85~0.88(t,
J = 7.1 Hz, 3H, —CH;), 1.25~1.38 [m, 22H,
—(CH,);;—], 1.80~1.83 (t, J = 7.8 Hz, 2H,
—N"—CH,CH,—), 3.43 [s, 6H, —N'—(CH3),],
3.62~3.64 (m, 2H, —N"—CH,—), 4.89 (s, 2H,
0=C—CH,—N"—), 7.12~7.15 (t, J = 7.5Hz, 1H,
PhH), 7.30~7.33 (m, 2H, PhH), 7.80~7.81 (m, 2H,
PhH), 11.70 (s, IH, —NH—); ESI-MS, m/Z: [M-CI]",
3753369 ( FHi{H), 375.3358  ( SZiI{E).

[ ,: IR(KBr), v: 3434 cm ' &bk Mtz s vp iy
N—H 4Rkl ; 3049 cm' WA | C—H
T 45 IR S i 52926, 2853 cm™' H—CH;,—CHy—
{4 X5 R A2 K R (e 48 B s A0 5 1695 e ! Ak Sy ik
gt O=C fH45 4R s cg; 1558 cm ' Ab ALY
Frh N—H 25 iR S ks 1606, 1500 cm ™' 4k K
I IRIR SR I ; 1446 cm™' —CH,—RY 37 =X
PRBN s 5 721 em ' 4k Ry Kb R b5 —(CH,),— 025
% Bl I g

Il ,p: "HNMR(600 MHz,CDCl;), §: 0.86~0.88 (t,
J = 69 Hz, 3H, —CH;), 1.24~134 [m, 14H,
—(CH,);—], 1.80 (br. s, 2H, —N"—CH,CH,—), 3,40
[s, 6H, —N"—(CH;),], 3.59~3.61 (m, 2H,
—N"—CH,—), 3.77 (s, 3H, —O—CH3), 4.81 (s, 2H,
0=C—CH,—N"—), 6.83 (d, J = 9 Hz, 2H, PhH),
7.71 (d, J=9 Hz, 2H, PhH), 11.60 (s, IH, —NH—);
ESI-MS, m/Z: [M-C1]", 349.2849 (FIit{H), 349.2837

(EMAE)
Il,: "HNMR(600 MHz, CDCl5), 6:0.87~0.89 (t,
J = 69 Hz, 3H, —CH;), 1.25~1.35 [m, 18H,

—(CH,)o—], 1.81 (br. s, 2H, —N'"—CH,CH,—), 3.41
[s, 6H, —N'—(CH3),], 3.60~3.63 (t, J = 8.4 Hz, 2H,
—N'—CH,—), 3.78 (s, 3H, —O—CH3), 4.80 (s, 2H,
0=C—CH,—N"—), 6.83 (d, J = 9 Hz, 2H, PhH),
7.71 (t, J = 9 Hz, 2H, PhH), 11.53 (s, 1H, —NH—);

ESI-MS, m/Z: [M-C1]", 377.3162 (Fi{H), 377.3151
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Il 4: "HNMR (600MHz,CDCls), 5;1:0.87~0.89 (t, J =
6.9 Hz, 3H, —CH35), 1.25~1.36 [m, 22H, —(CH»);;—1,
1.80 (br. s, 2H, —N'—CH,CH,—), 3.41 [s, 6H,
—N"—(CH3),], 3.60~3.62 (m, 2H,—N'—CH,—),
3.78 (s, 3H, —O—CHs), 4.81(s, 2H, O=C—CH,—N"—),
6.83~6.85 (m, 2H, PhH), 7.71~7.74 (m, 2H, PhH),
11.61 (s, 1H, —NH—); ESI-MS, m/Z: [M-CI]",
405.3475 (FRIBAE), 405.3466 (SZIE),

I »: IR (KBr), v: 3349 cm™' il fickd vh i N-H
AE IR BRI, 3057 cm ™' S AEFR | C—H {h4E i
Sl , 2925, 2853 cm ' H—CH;. —CH,—HAy Xt
RIS R A 206 413 S WA, 1684 em ™' S FE iz gk v
O=C 45 HEsh s, 1561 em ' by fk et v
N—H Z5 R s, 1612, 1514 cm ™' 2 H2EHH
PAPRB I, 1468 em ' SA—CH,— 55 IR S
W, 723 em ' KBRS E—(CH,),— 25 thishni i,

Wk "HNMR. IR K MS B T Ui 4
PR BEREY)

2.2 Krafft Sz
RS R G PERIAE K s, XA R
TS PR EAT T sehr RER S, 2503k 2,
F 2 AMFEEEENA Krafft 55
Table 2  Krafft point of synthetic surfactants
I [ I 1o I, 1.4 BAC-12
RErC <4 <4 <4 >4 >4 >4 <4

3% 2 v, &5 1 BAC-12 T 36 T 89
Krafft S ¥/NF 4°C, 3 FTWEEMEFIF Krafft
2000

1600 +

1200 +

K(uS/cm)

800 |

400 |
0 . . . .
0 8 16 24 32 40
¢(1,0)/(mmol/L)
160

120}

80}

K/(uS/cm)

40}

0 0.7 1.4 2.1 2.8
¢(I4)/(mmol/L)

AT RN R T o4 hs AH S,
HAA SRR T KSR, 80 T F sk vE, i
BEAR T ZE7K i s et

2.3 HEERK

I T NIRRT, A i i 1 AR )
WKV TR AE, 2l e HHZR, gk
PAE IR BN A5 HZ W SE s, 28 T I e e B B Ry
CMC fH, WK 1.

HH & 1 AT, B VA VRO B R, AR AR
B (C) FE B s M mg hn, B SR8 Em K,
MR T CMC B, EARRR/N, REREHT:
(1) =8 REF (Cl) SREFmLSGE, FH
BB FHREMBOED; (2) BERESG, SHHE
THALE, IR ETR st 2, B L fE )1 T %>,
K ICBE A WO FE 3, GBS R, SR
EIGINES, RERBN,

MRAE AT (1) TR HRIE B A bR v 5 A5 B A B
e (AGh) Y.

AGY= (14A)RTInXcpme (1)

P Gibbs-Helmholtz J5#2 (2) 51kt
FERARIERSAE (AHD, ):

AH = -RT*(1+p)[6(InXeme)/T] (2)

R A 203 TSR SR A R bR KR ( ASD, -

AS = (AHwAGY)/T (3)
Horfr: ROVHBESURE L p IREFEGE; T
PAHIRIE K Xope N CMC A I b 26 1 335 4 71
FIBE IR EL, Yoo TSR ILE 3,

700

600

K(pS/cm)

0 2 4 6 8 10 12 14
¢(1,,)/(mmol/L)

K/(uS/cm)

4 6 8 10 12 14 16 18
(11 5)/(mmol/L)
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EEHE, A M B I R A B * 945 -

420

350 -

280 +

k/(p.S/cm)
)
S

0 1 2 3 4 5 6
¢(1I ,,)/(mmol/L)

225
~298.15K
I, <308.15K
180 1 318.15K
8135
o
%)
3
S 9%}
45
0 ! ! | ' 1
0 0.5 1.0 15 20 25 3.0

¢(1I 4)/(mmol/L)

T AN [ B2 ol T A ) L 288 (o) - TR B () 2K

Fig. 1
3 AR IS A R T LR A O R S HOR
CMC fH

Table 3 Thermodynamic parameters and CMC values of synthetic

surfactants by conductivity method
; T CMC AG), AHS, TASY
ey m m m
AR P /K /(mmol/L) B /(kJ/mol) /(kJ/mol) /(kJ/mol)
I 298.15 9.04 0.61 -34.87 -15.51 19.36
308.15 10.99 0.60 -34.86 -16.39 18.47
318.15 11.64 0.57 -35.18 -17.20 17.98

I 298.15  2.24 0.54 4126 -7.18 34.08
308.15 245 0.56 —-4131 -7.75 33.56
318.15  2.52 0.56 -4135 -8.30 33.05

[ 298.15  0.52 0.63 -49.96 -11.24 38.71
308.15  0.54 0.68 -51.18 -12.35 38.83
318.15  0.63 0.62 -4891 -12.74 36.17
1o 298.15  8.82 0.52 -35.18 -11.55 23.62
308.15 9.32 0.52 -34.84 -12.31 22.53
318.15 10.76 0.43 -32.20 -12.33 19.87
Iy, 298.15  1.66 0.54 -42.34 -20.42 21.93
308.15  2.28 0.38 -36.97 -19.66 17.31
318.15 235 0.35 -36.04 -20.50 15.55

Iy 298.15  0.50 0.56 —-48.05 -11.17 36.89
308.15  0.52 0.43 -43.81 -10.91 32.90
318.15  0.60 0.47 -44.41 -11.95 32.46

BAC-12 29815 951

M2 3 AT, 7ESRE N 298.15 K A, R4 1 Al
Z5) 111 CMC {2/ T BAC-12 ) CMC {8, i
TESr 45 F h o) ATERGEE , R 3 28 T % 1 55 o+
FEVE TR A AR PO, i 3 v 5 0 LA S R
G, Hdr, T,/ CMC {65 BAC-12 ML, R#
KT 3.94%, X EZIEE N 1 1, o0 T 450 P AE (e B e
e, AT s TR A, AR g R AEP
AR AE KSR N 5 T i, CMC {H A,
FEARRNRBE T, B EEE A BEAR R, &30 1A CMC
LT RS T CMC i, Z&fTRHTRA L5
AT HEIELA, PR ER I, Ehnss,
e R A, I CMC {EHARRT; IREMFER, &
IR 2 T PR Y CMIC L #0 J2 B 5 Joe e 4 B ) 1
TR/ 1N, 2 PR Ay e e < i 7R A P i )
T AERKEE T REN A R MR, EINE 58
ek, i, BA®MEN CMC H, x—BHSH

Electrical conductivity (x) versus concentration (c¢) of synthetic surfactants at different temperatures

b 2 BH s 7 e I M B AR AT S S B
B BT, Sl EmEEMHERN CMC EHiE A, £
FUERCAREERN, A FRaE s, S8ar
ZIAEE G I W, R CMC {EACK .

H R 3 BUR v, 7675 82 B Y N R R A 7
i EH M EE (AGY) FIbRUER RIS (AHY, ) (HEY
SE L UEBA BCRY T 2 T E E RE SR  E miae
FEAR O B & e . HBEE fe S8 1 B8 il 18
AGY FI 4 SHAE LI, B 150 WA o L 3 K 32 110 184 o o
TSR AR I A Y o B B s AR ASD, M IE A,
R 1A 3 M 7 0 6 2KV R 1 T SR A e e Ay i 44
AR, X T RS PR T AR R, T
G K B4 MK S G RS B R NS, B P HES G 7K
gy T PE S H
2.4 FEK MK

298.15 K i, RSN EEIETERIE) p-c fiZ I
B2, LA, SRR, B
IR AR BRBI A CMC 18, AARERED A yome (B -

M E 2 FTLAAE t, A R R A R ek )
Wit 5 A YRV B P B 2RI RRAIG 3 T T T
RN 53 F7E 22 /K S 18T 1) PR R o s B 1Y) - 15 %) CMC
Jo, FRIMSK I RFLEREAG, S PR (A o 2 1 1 2 51
TR R, SR S Rk A 1w ok ik A
FMTE PR CMC EAYMERZE R, W 4,

M % 4 0IAl, SR gk v AT A R 1w
TEPEFI Y CMC L F yeme (/N T BAC-12, A7
Oy A5 R g | BRI S B T A S b R ARG K 1) 36 T 5k
J1, A T R B T R T

FETH K S SRS R CMC (HIREE
B KR FE BT A, LS R Oy 2 ()
BRI, FmkE AR CMC HIY R S &
AR CMC EAR, X P R T ik 7 ik i 2
FTEPE, SR A R AR AR, R v
R F e R W R RS, R RIA R
T R
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707 HITE 4TI, T I1og BORSIOVERAS, bedkhE
wl R R E Z W B N NS, TR ARG T A
SR, R RS RENEMER R, Ly AL R
g 50t TS P b, AR SR, RIEERL
E: 40l 100 - %31
IR IR AR
3010 80t B2 5 min JEHIRETR
E
0.01 O.Il 1 1I0 100 Hn\é 60
¢(D/(mmol/L) %
70[ @40
20 |
60
0
BAC-12 Ty I, Lis
0r R
a0 100 - ZFI
INNFal b REN A
80 I 22225 min J5 ORI
30| . . 2
0.01 0.1 1 10 R
(11)/(mmol/L) <
K2 GRmEEER R REK S (p) RE (o) #hsk §
Fig. 2 Surface tension (y) versus concentration (¢) curve
of synthetic surfactants
o4 WL AR FISRE K 35 X iR T ) 4 I 3

4R
Table 4 Test results of synthetic surfactants by conductivity
and surface tension

FKHEEMEFR]  CMC®/(mmol/L) CMC®/(mmol/L)  yemc/(mN/m)
o 4.28 9.04 32.50
I 1.11 2.24 33.30
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