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AP, MR B 7E GC-S /K P T IUN )68, M 175.2 50 GC-S ARIAMIIRAAFA N 390 mL, 5 min B IEHEAAT R
20mL; GC-S 2 E /K2R, 317 s, Mok, GC-S MKMW H A4 B (0 AT R R I AL R eI B e
KR WTREEL; RNEE; AYUET; MRMERE; RETEMT
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Preparation and properties of gemini quaternary ammonium
saltswith organic counterions

DING Hui, JIANG Yajie, WANG Yakui, JU Hongbin, GENG Tao"
( China Research Institute of Daily Chemical Industry, Taiyuan 030001, Shanxi, China )

Abstract: An isopropanol-based gemini quaternary salt (GC-S) with organic counterion was synthesized
from N,N-dimethyldodecylamine, epichlorohydrin and p-toluenesulfonic acid. The synthesis process was
optimized by orthogonal experiment. The product was characterized by FTIR, "HNMR and ESI-MS. The
results showed that under the optimum conditions of reaction time of 10 h, reaction temperature of 100 °C
and n(N,N-dimethyldodecylamine) : n(p-toluenesulfonic acid)=2 : 1.00, the synthesized GC-S had a high
surface activity with a critical micelle concentration (CMC) of 2.09x10~* mol/L and equilibrium surface
tension (ycmc) of 24.06 mN/m. Compared with conventional gemini quaternary ammonium salt with
chloride as counterions (GC-Cl) and single-chain quaternary ammonium salt (1231), GC-S had better
wettability, foaming and foam stabilization performances, and emulsification performance. The sinking time
of cotton piece in GC-S aqueous solution was the shortest (175.2 s). The initial foam volume of GC-S was
390 mL, and the defoaming volume was 20 mL at 5 min. The time of GC-S separating quantitative water
layer was 317 s. In addition, GC-S showed excellent antibacterial activity against Escherichia coli and
Staphylococcus aureus.

Key words: gemini quaternary ammonium salts; isopropanol group; organic counterions; antibacterial
activity; surfantants
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SEAF R RAAFTE—E R b, ik, HEF|
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FE RGN R R AT I BRI S B, IR RICR 2
ST B K M S AR /N, 3R T 245 0 R 7R 1Y)
TERIREN T AH 2 H . LA HLRR IR 5 R il £ X7
Tl R AT LASRCE 7 i PR RE 18T LAY X 1k
2 1) JEE Tt LRI AR DG = R S . RO B I
et A AL BT IO AT HE— 25 0 = ) — 2
FHPERE, XF 2SS B 7 AN T g b (A i — 2 IR
AWFFR

ARSCARL A e e T U . BRI ke A
Xof FHBE A 2 Ry Skt B L — Pl B A LR AR
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WA, i FTIR Al "HNMR BAE L5 . R,
E— W R T 50 . k. LA
PERE, B 78RBS 0 TF K AR — 2 i e B
i o

1 LIGES

11 RFIENE

TR TR, fhal, AR E W
NERHEABRA R FEE AL . X R . HhiR
(/388 36%~38% ). NaOH . 1, 2-—5 %%, AR,
RHETRHE AL 2A AR AR A A IEREE., LR
fis. TKOEE, AR, EZiHEREARFA RA A

Sigma 700 YR TK 14X, it Biolin A ;
DSA25 b M Y, FEE Kruss AR PRI
WAL, P EH AR T AFFERE ; Vertex-70 RUfi
AR 2T AP ETE (Y . Avance T HD 400 #% R I3 0E
A, fE[E Bruker 2AH]; ZQ2000 HLMEZE HiEAL,
2 [ Waters 2\ F .
12 A

FAHYUE FF R GC-S AK: 7EN,

M, mE RN AFTIA 22.2 ¢ (0.10 mol )
TR T IR, 4.6 g (10.05 mol ) I E N KA
9.7 g (0.05 mol ) Xt HIFEIRMERR , SR J5 A IE N BEAF
R, AR R R8O 50%, 100 °CJ
N2 10 h, JEZEIRBER LER, &2 OFRES W
3, ATMA G C R o e A ) A
RIA T 243k GC-S. bAh, MRIESCHR[91A L T
SERIZAI DL CUAE N BB T I 3T 2 GC-Cl,
A 2 T T R A 2 A =R R
\/\/\/\/\/\CDN+/
HO

1.3 TSR

FTIR A1 "HNMR 45 . ] 4 B A e 21 1k
AN I AZE B L e 15 ASOR it 2 A S AL 2= 254 . T
HRH KBr JER 5 Ja&E USRS D AR, AR
DU SERESE (TMS ),

FLE 25 O3 . SR T RS SS B U, S DUARAT
WO . FEBITSH: TERAWE 40 Lh, T
PESUREE 300 °C, Z1bZE K] 241.2 kPa, BHEH
JE2.90 kV, JRNREET M EBE (CID) 30 V,

Fmsk Sy (ST) M. % BESCEk[ 10189 7 2%,
V8 2% TR 3 e R T S RS R o B PR KA R, R PR R
M, TERWE KA EPAFEE . FE(50.0+0.5) °C
R T 2l i 3 YOV R K ). R R,
M ZE K E VRN S, RS KT k8. A
VR B 0 A — A B RIS . AR T AT
KB TH 7 1 70.0 mN/m.
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PEFN K G A A G I L A A, A U i 2
e HERE, (2) M8 GB/T 11983—2008, K& 1 1%
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WAL F 3R E IR, (50.0£0.5) CHHIRT, &%
JKEWAE 0, 0.5, 1. 3. 5 F1 10 min AL HRAF

FLALPERE I . Fe JESCHR[13]09 7 i, Bd Lo
IR R 0.1 g/L B R BTG MR, R A= E L
AL . IR F, 78 100 mL B ZERE R im A
20 mL FTH I PRI KB A 20 mL AR AN, 54
FET, YA 10T, idsksr 1 10 mL /KA
Bffal, B ER 3, BCEE.

I PEREIA : 218 QB/T 2738—2012 W51,
T30 1 955 A 00 A I A A1 R 46 €8 7 28 BR T A 0
BRPEREN Y FE TS P BN 0.01%0, X Al
PR IS 3428 2 min.
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21 IEHk
2.1.1 R p&#HitF
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WAANTT /S R o AR I T ) S ) 2 EL AR (D
2 SR VLIS (B X P SR A SR . R, A AR
S 5k 88 R I 7 90 0 o ) X 7 AR B S )
ZEREB TR 1,

F Il 1a RIAT, 78 [ SOV A 100 °C, n(+
ToE Rk T SRR ¢ n O 2R R)=2  1.00, +
Jot B — F SRR O B R R T 4 oA 22.2 N
9.7 g ISR, B RN I ] AU RE R, 7= MR A
BB B ke %, 10 h JEIREAEHE ., 5B
Ah, FESLER T AR AR B, AR b e g R
Jile 55 6T FH 2R PR 1 400 S5 1) ek b R {0 7 gt AT 5 3 A
mK, A ALY R A T, A LRI
A KZ 0 RES S EOKE 5 T ik AR, AF)
FHEVCR, MHEARERDESSFEYEHETIR,
P, 7B n(+ ke 5 W BE AU (R 2 T
fii)=2 : 0.90~2 : 1.25 N4 I i 1) o () o LE ke 7
YISCR G2 o F P 1 AT, 858 RN 100 °C,
K ESTE R 10 by, P2 PCRAED B s bR 2 ¢ 1.05
AR R K. M 1c AT, [ n(t —hidt — 3L
BUKE) = nOW AR )=2 : 1.00, SZWIHE]N 10 h,
FEYISCRAE 100 °CHPIRER K, dkaiie s, Ik
RIEAT FEAR

ZE BTk, RIETES A ek g B RN, BEHUR
NEFE] (C) (8, 10, 12 h), JIVHRE (4) (80,
90. 100 °C) Fl n(-+ e = HELRUIE) © n(XFHIR
ifR) (B)=2:1.00, 2 : 1.05. 2 : 1.10 JSLLH %,
PL7= W% h 2 25 bR i Al — 38— /K 19 1E 28 5K
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Fig. 1 Effects of reaction time (a), molar ratio of dodecyl

dimethyl tertiary amine to p-toluenesulfonic acid (b)
and reaction temperature (c) on yield of product
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Table 1 Orthogonal experiment factor level table
K A/°C B C/
1 80 2:1.00 8
2 90 2:1.05 10
3 100 2:1.10 12

212 ERXFEH

IEARSER TR S H 5 T3 2. 22 R ik
TR A R R AR, PR CR AR AR T
R B UL L R X S ge 25 S ik . 3 AN
SA RN IR 2E R/ NK A> B> C, HAT A% =%
Y BB R T ORI > n(+ ek TR LRI ¢
n (W 2RBR R ) > s I s 8] o A 145 30 388 e i 7= i
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* 117 -

RN ERE 100 °C, (T ZhesE W ILRUK)
n(W H AR )=2 = 1.00, T J52 g Bisf [ X% = P i 52
WA/, 25 TR B A TS AE , SR LB B[] A 10 ho
RIS Al T AT e, 67T 3 IRER
PESCHS, RS = a E 4R R 95.34%,

K2 IERERHRSE

Table 2 Related parameters to orthogonal experiment

A/°C B C/h w®E TUIBCE%

1 80 2:1.00 8 1 79.36
2 80 2:1.05 10 2 70.20
3 80 2:1.10 12 3 74.66
4 90 2:1.00 10 3 90.02
5 90 2:1.05 12 1 94.10
6 90 2:1.10 8 2 72.26
7 100 2:1.00 12 2 95.50
8 100 2:1.05 8 3 95.54
9 100 2:1.10 10 1 80.86
K, 22422 264.88 247.16 25432

K, 25638 259.84  241.08 237.96

K; 271.90 227.78 26426 260.22

ki 7474 8829 8239  84.77

ks 85.46  86.61 80.36  79.32

ks 90.63 7593  88.09  86.74
Ki+K+Ks 75250 752,50 752.50  752.50

W% R 1589 1237 7.73 7.42

HWEF WK 4>B>C
mtF%E A4~ 100 °C, BH2:1.00, CH10h
EESE Y ECRER 95.34%
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Fig.2 FTIR spectra of GC-Cl and GC-S
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GC-Cl: '"HNMR (400 MHz, CDCls), J: 0.88 (t, 1 oy
6H, 1-H), 126 (m, 36H, I-H), 1.81 (m, 4H, TI-H), T =3 303mk7 "\ G1eC ), (2)
3.53 (t, 4H, IV-H), 3.41 (d, 12H, V-H), 3.63 (m, 4H, |
VI-H), 4.24 (m, 1H, VI-H), 5.16 (d, 1H, VII-H). Amin = N (3)

GC-S: 'THNMR (400 MHz, CDCl5), 8: 0.89 (t, 6H,
[ -H), 1.25 (m, 36H, II-H), 1.76 (m, 4H, Il-H),
3.47 (t,4H, IV-H), 3.36 (d, 12H, V-H), 3.71 (m, 4H,
VI-H), 4.19 (m, 1H, VI-H), 5.20 (d, 1H, VII-H), 2.35
(s, 3H, IX-H), 7.17 (d, 2H, X-H), 7.73 (d, 2H, XI-H).

FAN, WK 3b s, GC-SHYI-H, M-H, V
-H.IX-H. X-H. XI-H &Mz ol 6 0 36 :
12 :3:2:2, "HNMR % & H oA o 7 i i) 0 i A9 e
k6.1 :356:11.3:29:2.1:2.1, X5 GC-SH
H PN A —3, £56 X% 2R AR 76
GC-S H W Ll =9 GC-S | H5| A—A-XH
AR o DL M R XF 24 16 1 BH B 304
DL A FREE T, YL B R0 B AR R AR S B
o W GC-S RyHLmZs Tk [l (&l 3c) A AN
WA G, m/Z: [M?7] 2425 [M+A]" 520; [M+B]" 655,
HEUSEHEA - 4 RFFIEH GC-S &AH —
AT H R R AR o

ZE TR, A LT S — AU T GC-S.
23 EREKAN

&l 4 S GC-CI F1 GC-S FEA [ T Y 2 1 7k
71 (y) Wik, & 4 7], GC-Cl Fl GC-S FHH
FRpyas, (RUBERT, FTm 5K 7 Rl AE W BE B3
ML T, IFREM—ERNLIELR, FERR—E
WIS, R0 5K 7 AN P BV TR e BE T AR b o X
IRy L BT — AR A I SR
PRI Y v B B S i S RV B ( CMIC ), 1T AH K iz
{22 T 5k 1 B SE R 5K T Cpeme ) s

0 = = GC-Cl
A GC-S
60
% 50+
§ 40 L
30+
20 1 1 1 1
-6 -5 —4 -3 -2
Ig[c/(mol/L)]

Kl 4  GC-Cl 1 GC-S fyimik /1 ik
Fig. 4 Surface tension curves of GC-Cl and GC-S

RIER (1) ~ (3) VRIS REH IR pCa
FTAIE PR 3 TR ST L AR AT B BB T Faax

( umol/m* ) FNEFN/3F RS M AR Apin (nm? ),
pCyy =-1gCy (1)

K Gy WG FR TR ITFEAL 20 mN/m JIrifs
(TG ME R, mol/L; X BH B T 3 F K 1h1 1%
PERI, n 8% N 2155 R BSRH S, 8.314 J/(mol K);
T g XHRE K (/010 AR E 3T 2k i cMC
DA A HAH3 N BT AR AR & 4k, 6.02¢10% /mol ,
RS8035 T3 3,

#3  GC-Cl Fl GC-S My M TGt S 4L
Table 3  Surface activity parameters of GC-Cl and GC-S

CMC/ VCMC/ Enax/ Amin/

(mol/L)  (mN/m) (umol/m? nm*> P G
GC-Cl  891x10*  35.60 0.62 269 1.69
GC-S  2.09x10*  24.06 0.94 177 3.45

H 2% 3 T, GC-S 1l B R v B - iy 2% 1
K77 yeme 23514 24.06 mN/m F1 2.09x10™* mol/L,
YI/NTF GC-Cl, HERMmIGHERCR pCy M 3.45, KT
GC-Cl, WM, HEELFRME IR K& Jiob,
GC-S TR Bt K, (H TR i AL/ . X
SR R B T IARTRI I . B AU 3R 6 570 4 7
T g KA E B B AR T L, TR s — 1 1) HE
G I R 2, eI SR A T — AL, T
XFVERTR, F50 RCES T W | 2 B2
SR, BT PR, Hfar 2 B /N, Xl
BAREERAS, REFEASHFEAWRKZ. K&
T B Z 0 55 T PHES 3k JEAE R B HE R AR
S 20W B4 F R HES T I, R R R A
o B Sk A K AR AR DM R T MR o
R R A T R /D, AN T AR R B RE PO 25
JIEiR , AR AR AR /N 1 S5 4 B 2 b R 56 o R
S, HHEF R %, i A R, B
TR AL =
24 EIEMERE

5 T T M TR0 K VS R A S L ) fh o 72 A iy
L s s S AT, Al K OTE A i
FIFEfl A TE 110°4 47, 1 GC-C1 Fl GC-S /K R AE
ST RE T B fih A 44 <1100, Ui I 2 1 T R A
WA ARG, S4h, BEEWREE RN, PE W
AL B Al A 20 B AR /), X R R T PR A
Oy FAEIK /A S A DR I B SR (H 2 ik
9 1x107* mol/L i}, FfiZ5 if ] AR I, GC-Cl /K%
144 ok £ 249>900 , T GC-S K I3 W Y H5 fish #1 DA 90°
e 640, T E TR & AUX PP 2 Y
Jir PR AT 8 A2 FH T AT AL S 5 fof O B T b g 2
TR H0E i, i E Rzl f BRI, S35k, Bl
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L G AL T X R A S R <119 -

] A3 N, XFF 1x107* mol/L #Y GC-C1 /KA ,
HAz b f AR T 2 3°, i FARIR L) GC-S /KA TR
B2 il 1 FRAIC T 2 240 BEEJE UL, GC-Cl I HE fil £y
ALK, T GC-S FE P I i i SRR AR AN AE Y
B XS AR S R EUE TR IS R T
FES L AR o 25 LT, SR R Y GC-S
TEATE R F A4 f <000, FEPL Y B AF YT IRERE

105a
GC-Cl ®1x10*
-3
100 " 1x10
®e0ce
~ 0000000000000 4,
L 95+
P
4 90
85_ lll..lll.l........
80 1 1 1
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A ) /s
IOOb
®1x10™*
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§70 .......
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40 L " % gl s mEEEgmEgEn
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K15 GC-Cl (a) Fl GC-S (b) Hfl iy BT i) (1 254k
Fig. 5 Chang of contact angle of GC-CI (a) and GC-S (b)
with time

GC-Cl Il GC-S X J5iAf A v iR 45 51 51 T3 4.
it i E 2SR, n TR TR R R . F
FOR B A TG MUK WG KRB S AR,
EEMEUR, AR IR A Tl AR AT
OB B[] e, O 8 A X6 7 P4 3 T 93 2 791 7 8 %o
DA AR BT R R R

A4 AT A ST DU E

Table 4 Average automatic sinking time of cotton fabric piece

¥ H 3 T LR /s
1231 313.8
GC-Cl 223.6
GC-S 175.2

HH 3% 4 015, MR 7EfL Ge ) s 2Rkl 1231
KR A 3 F U R K (313.8's), TMAERT
Pl LKW P N U T (<230s), Hip, 7E
GC-S KW TFUIHTEIN 175.2 s, VAP F
Tl BRI R T BB A 1231, AL, MiAE R LE
GC-S /KW I A 8 T UTH R /NFAE GC-Cl K¥%

A, Ul B =T AR AR A AT T L CN R
FHfEsZeth, VI R85, SIABILUE T
Je WAL~ 2= gk B T i e
25 kR

— P TR PR RE SR BE X RS T AR v A T
5o B 6 MRl BE (AL Gt s 2R Bk 1231 503
Bl GC-C1 1 GC-S 7KV W1 100 A (A R Bt e 1] 1) 7%
b ESE, VLA A A K TR A AR R T R AR R
W RIF A PERE . GC-Cl Il GC-S /K A TR B 1A R4
T3 512h 340 F11390 mL, ifij 1231 1%/ 320 mL.GC-Cl
A GC-S ¥IRTF 1231, ULBHX RN FZ4 5 10 &
WPEREX L T 2ABE B 23 1231, 1 GC-Cl /KB Y
AR R BVNT GC-S, W B LA H 2R i R AR
BB T B A 2 s MR T UL CUARE
F MBS T Z ik

420

A, A

3501
2801

V/mL
[ ]

2101

140+
—a—1231
70t ——GC-S
—o—GC-Cl

0 2 iﬂ,é 8 10
BEl6 R AR R ) 1) AR 1L

Fig. 6 Variation of foam volume with time

AN, BRI, HERAARBUH BT AR
FERERIRRAR, A—2 K] (5 min ) BSR4 TE L A4
BORZFRFRVME o THIEAARFE, D50 B RSyt i
22, miE 6 ATLIAEH, GC-S. GC-CI il 1231 B
HARBURKIG K, 4350 20, 100 A1 190 mL, 9]
PR ZR 40 0 I PR RE L T st Sk, H
B F ORI PR AR S B - 1 GC-S B T4 AR ek .
PSS UER, TEX T e 5 | AB LGS ] fiff
HEAT R0 & it e AR o
2.6 FLIL1EgE

AT CBRRE TGRSR ) B, KA
R R T M S A T K B T AE 1] HE S I R R
BELLE R A SR 45, [RIRSF R AR T S TEr K oy, vl 7E K
R, AR TILRAREE . —BAMAK S B
et F ESF PR A A i 3 T 3% PR R ) FLAKRE T, e I ]
M, UL FLILRE By, e s SR s e
RT3 PRI MR LA A S 5 43t 10 mL
JKIEFTHIEtE (¢)

H2E 5 Al A, PR Z2=E 3k i FL AL PE RS
THEE 1231, 546, GC-S 4 Hi/K 2 Frs it a] i K
(317s), ULBHIHFZLLMERRIE T LA C1U R B 19 1E
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G T 2t BREW, SIAG YL E T S Lk
St B T BRI FLLRE /1. [1] DHANUSKODI S, JEYAKUMARI A P, MANIVANNAN S, et al.

5 FRMEE R WA AT R FLAAE

Table 5 Emulsifying effect of the surfactants on liquid
paraffin
t/s
1231 35
GC-Cl 190
GC-S 317

2.7 MEERE

Zos 7 0 24 BH 5 - 3% 10 9 P 59 G o — A )
HFLRAE IR . £ 6 41T GC-Cl Al GC-S Xf
KA P 4 B OB A BR A I R AR . ik 6 1l
A, PIERIEREGEE T 99.999%, i B Al XL
TR Y R B L 55 M B RO . SO T B e
A PRI R, 3 R AR T 24 14 ) 400 B 771
TR PEAE T B

# 6  GC-Cl il GC-S Ay TR R R
Table 6 Antibacterial effect of GC-CI and GC-S
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