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Synthesis and performance of glucosamide quater nary
ammonium salt surfactants
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Abstract: A series of glucosamide quaternary ammonium salt surfactants (C,DGMAPB, where n represents
the carbon chain length of 8, 10, 12, 14 and 16) were successfully synthesized from D-glucose-d-lactone,
N,N-dibutyl-1,3-diaminopropane and bromoalkane using a two-step method of amine ester reaction and
quaternary ammonium reaction. The intermediates and products obtained were then characterized by FTIR,
'HNMR and “CNMR, followed by investigations on the surface activity, wettability, emulsifying and
foaming properties, and toxicity of the products. The results showed that C,DGMAPB had good surface
activity. Meanwhile, the increase of carbon chain length led to the reduction of the critical micelle
concentration (cmc) and molecular cross-sectional area (4n,,,) and the gradual increase of the surface
activity efficiency (pCyy) and saturated adsorption capacity (/.x), While the surface tension (y.,.) was
maintained between 28~32 mN/m. The contact angle between C;;DGMAPB/C;\DGMAPB solution and
polytetrafluoroethylene (PTFE) membrane was reduced to 47° in the concentration range of 0.01~5 mmol/L.
This kind of glycosylamide quaternary ammonium salt showed good wetting and emulsifying properties.
The foam volume was very low at 5 min, which indicated that the products were typical low foam products.
In addition, the C,DGMAPB surfactants also exhibited low toxicity. The C;;DGMAPB with a mass
concentration of 0.2 g/L displayed a 100% antibacterial rate to Escherichia coli and Staphylococcus aureus
with no skin irritation and good antistatic performance.

Key words. glucosamide; quaternary ammonium salt; surface activity; foam; toxicity

KimBEHEE: 2022-03-12; EAEHI: 2022-07-19; DOI: 10.13550/j.jxhg.20220218
EETA: EEARBARS (22002105); WIFGTE SR AIHHE (202000355 )
EEEN: B € (1981—), Z, MI##Z, E-mail: lifeizhi@yeah.net,



59 B, AR A I I 2 R R T R B 5 S - 1835 -
A 2020 4ERERTEREREME S E LR, FHdhR  TRIRBUE ARSI, B RA P ALHT S 85 T

AT P07 VR R R B SR BT A% ™ il ) £ 2
Jskk, AR R I R B R A S, HAE
RN iNBI N TRUR VS & b SN (ENE Nl R NNES
B R RZ XA Al s nick, Hagtkdok., W
e, JFPRARTE . skt R ZUREM YR
R TE VRO AN . F e ER A — e A= Py AH
FEVEIEIT, ORERE | BN TG SEE B AG S AT
Y J R AU 3 T 9 A 0 1 2 I D R B Pl R
ORI FHAE BHIRTE Rl ik, RASRIRERE L Mirdk
B FLAF O o R PR o LB RE A Sy 2k Kk i A
HALUR L (1) W3 R A s B 2P il
TR . 5 T A REmS (2) BA SRRk
PERPURE K BE 11 (3) HAG A% Hu B R s o 6
SEHE AT KRS I A SR S T AR, ARG
ORI REE L EIRERRE L KRR A
)AL, ORI K H 4 25 ol B 8 1 3R s P R A
REIAR . ORI BRI . 2068 X
IN SRR 20 ) WER

FT, RARRMFERLECErRml, k™
fnJE TR T I m o AL E Y, B R BURTE |
JRUBEPE . EREENE L CEMAAETE R A YRR RS,
TN AR 2 | Z5 85 A Tl K Ab 3345 05 1™
{EAE ARG TERR UL, ERRIETE ., W, 7L
RAEVERERZE , P Ae H IR 2 & 5 TR IAR
JEHIRVE U 5 T, H A B S OUR ) 5
BH 2 2 11§ R 0 3 R DL 7 b AR R i o AT ARGE FY)
b B 0 3 TR 10 A 2 RO s e A bR L LA
BeHE AT A BT R ER U ER A TR
i i AR UV e AU 7 S SRR B B 3
TV PE AR 5 O 12 AT 4 Fh: (1) — BB k.
FLARRRE . B M A GRS e —, X Fh 5
AL, RS2, Rl E. (2) FE
FEACFRREREAL o HIPR R N ot 5 BB A AU S
P A AT, P bR S . T YR Y
M A ot M R AR R R 22 AN, O AV B
AHE, =B U (3) Selikfe g
BAl o Sol PR SN e 5 B S B A A
HEPREAT , e S A AW S A AR
PR BB AL o Ik FIREA S AL B AN E
BRSO BRI PEAN G, A 208 B9 152 BHL
K, AZG AT A —Seifi 4 T ik i
T IHEA TR SO R BE 4, APAEAE ™ AR R, RO
FER, WG pASE IS (4) LI A9 BRI ik
i FUBE R o JROR e 5 I A A e iR S, 2R AR Y
P A T OB EAT SRR A L PR Ao
BANGE . EEEVER L AR AR E | AR

220 HZ e S AT IR e 2 )
FABSAEOL A, R FF R AR BE B TC 25 84 22 D) 16 36 1 %
FU = A BRI T LR

AR R 4 F T 2O LTF R T #5183
BEAS N, N- F 5L -N-[3- (7 26 W IO e k) 1 7R 6 -N- e 5
1R1LE% (C,DGPB, n=8~16) 1" XWEES N-{N-[3-(#i
75 R e Jie 3 ) [ TR 6 -Vt 3 ) TR 6 -, N- BN
SR Absk (C,DDGPB, n=8~16) P %2 N-
L -N-(2- 98 & 55 )-IN-[ 3~ (i 265 W Tk e 358 ) TR 36 - V-t
R Aks (C,MHGPB, n=8~16) ' EURZE N-+
e N, N-UL(3 -5 2 W TR Mg ) P R - V- B TR AL
b (C,DBGB, n=8~16) 2315 {yb Sk il i 2
HRMIEER . BHARNSFERE S TN AE
ER VISR, N AN 6] 1 P - i 25 (2
FEBUIRSE A AN | S 35 (10 198 A A 725 5 50 Sk 3450 H
&), BUKEERKEE | Li iR H . BB T IR TR 4
B W RO TR i N2 LT AN I A AR 17 =328
PUpe b | A0 TR RN B R A S R A AR K T
P, TFR AN 537 2540 IR SE BERG R4 3k i e
TTHEAS [R) 40U o AR A, ELA 2 9 B 3 SR
SRR . A SR D-H 2 B R -0- I iR JE 5
N,N-T 3-1,3-TH e R A R S b, ARG PS5 K
HEIRACIE B AL I 4 T2 TF R T R SRR
e Wi e e R R T TG R 5], O X LA R Ak i 0
FAYERESEAT THFSE .

1 SEEES

11 KFISME

D- A HER-0- iR ( CgHO0g, B3 40=99% ),
%[ Sigma-Aldrich A H]; {RACFELE . IRACS ke 1-
RACT bt . 1R Uk . - TSk, 2
afi, g eAARIARAR; N, N7 3E-1,3-
N it (DMAPA, Fii/r40=98% ), sKRFE UK
A RRAF]; Hela 41, B AHMADEARSE
PRl B4 1is , L% Biological Industries
( Biolnd ) A #]; MEM 15353, 24 E Mediatech 227 ;
DU LA e (MTT, Fis s d=98% ), Jtmi&3KE
FRHEARAF]; BHRERZ AR (PBS, K ), —
LA (DMSO, 434l ), [ 254 fb2=i50 A R
Nl JOKCEE. Wl oAral,  BiEn gk ean]
J75 WA, fhaeal, KA RFER LR A B
ol KRG, BEH%, kR e ERaRAT;
T T A T IR AR B (1227, REAE=95% ).
WS IR 2 B (DEQ, it /34(=97% ),
W E H AR B A R AR /i gt R 2



© 1836 ¢

A% 4m 4 T FINE CHEMICALS

%39 %

FEREAEIREY (SN, FiEAE=45%), LAk
HEAAFIARRA R Eaik (Hok), Bl

Nicolet iS50 AU Bt AR 2T S 1AL, S E
Thermo Fisher /A %]; AVANCE %! 400 MHz 7 i
WARRE IR P IS, FEE Bruker A W] ; K12 FIH
s IIAL, FEE Kriss 22 A5 JC2000C B fih £ ] 1
1, B REFHEARRZSARAF; B Ross-
Miles ¥#1IRAL, FE H HLFEERBEA RAF;
SGWX-4A BiE S, FigkEER= s
PR/ ] ; WIGGENSWCI-180 CO, fH i s 5546, dbat
FM I ESBISET; TDS B.0HL, IS e
DA A BRA A IX73 BOLRE BMEE, HA
Olympus 23 7] ; LHS-150HC fHIR IR F746, L
BRI HEARA T NERFRAE 2R
Ay, BRSOl ARRA A
12 &K

R 25 W IO e R e Eh AR S ) ( C,DGMAPB,
n=8. 10, 12, 14, 16) WA ML T iR,

H,N
OH
CH0,  HO
MeOH HO (HI—N/\/\
H
NN HO OH 0
DGMAPA
lRBr
HO OH R=CsH,; C;DGMAPB

R=C,oH, C,;,DGMAPB

N>"NER R=C,H,; C,,DGMAPB

HO S — R=C,H, C,,DGMAPB
HOH Br 1

HO R=C;¢Hy C;;DGMAPB

1.2.1 FREK N, N-=TEA-N-BHEmt-13-m=
B ( DGMAPA ) %4 %,

] 100 mL FF @ oin A D-% %5 B8 2 -0- PN g
(30mmol, 534 g). N, N-_ T F-13-1§ %
(31 mmol, 5.77 g), FERIGEAM TN 3h e, Al
MZR AR R, XA i G BEGE T 3 1k, 2R
JETE40 °CFHZ T EEE , 15384 [a1/& DGMAPA.,
1.2.2 N, N-=T A -N-[3-(H &) ¥ 8Ll 45 ) ] R A -N-Jx

Higis (C,DGMAPB) #4%,

] 150 mL ZEEH A DGMAPA (50 mmol,
18.2 g) ARALLE (52 mmol, FALFEL: 10.04 g, R
REEBE 11.50 g, WAL ke 12.95 g, WAL PULE
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DGMAPA: W3R 96.67% ( HEAREA ) o 455
102.7~103.4 °C, '"HNMR(DMSO-dq), &: 0.87 (m, 6H,
2xCH;CH,), 1.27 (m, 4H, CH;CH,CH,), 1.35 (t, 4H,
CH,CH,CH,), 1.52 (t, 2H, CH,CH,CH,), 2.31 (m, 4H,
NCH,CH,), 3.10 (t, 2H, CH,CH,N), 3.36 (m, 3H,
CHOH, CH,O0H), 3.46 (t, 2H, NHCH,CH,), 3.56 (m,
1H, CHOH), 3.90 (m, 1H, CHOH), 3.96 (m, 1H,
CHOH), 4.38~5.37 (m, SH, OH W I %),
7.67 (t, 1H, CONH),

CsDGMAPB: . 90.67% (IRE AR ) .
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Y55 57.5~58.3 °C, '"HNMR(DMSO-dq), d: 0.90 [ m,
9H, CH;CH,, CH;CH,, (CH,)sCH;], 1.05 (m, 2H,
CH,CH3), 1.24 [m, 8H, CH,(CH,); ) , 1.57 [ m, 4H,
CH,CH,(CH,)s, N'CH,CH, J , 1.77 (t, 2H, CH,CH,CH,),
2.92 (m, 4H, CH;CH,, CH;CH,), 3.15 (m, 4H,
CH,CH,CH,, CH,CH,CH,), 3.38 (t, 2H, CH,CH,N"),
3.50 (m, 4H, CH,CH,N", CH,CH,N"), 3.56 (m, 2H,
NHCH,), 3.78 (m, 1H, CHOH), 3.92 (m, 1H, CHOH),
4.01 (m, 1H, CHOH), 4.06 (m, 1H, CHOH), 4.16 (m,
2H, CH,OH), 4.42~5.46 (m, 5H, OH Jyki¥t [ 15
3£, 7.88 (t, 1H, CONH), “CNMR(DMSO-dy), o:
13.93 (CH;, CH;, CH,), 14.37 (CH,CH;), 19.93
(CH;CH,CH,, CH;CH,CH,), 22.57 (CH,CH,,
CH,CH,), 25.59 [ (CH,);CH,CH, J, 27.97 [(CH,);J,
29.37( (CH,)3 ), 31.76 (CH,CH,CH,), 32.71 (CH,CH,),
35.55 (NHCH,), 50.40 (CH,N"), 52.25 (N'CH,,
N'CH,, N'CH,), 63.74 (CH,OH), 70.65 (CHOH),
71.92 (CHOH), 72.63 (CHOH), 73.98 (CHOH),
173.55 (CONH),

C1)DGMAPB: 3. 89.47% (R Ak ) .
'HNMR(DMSO-d¢) , 6 : 0.85 [ m, 9H, CH;CH,,
CH;CH,, (CH,);CH; ) , 1.09 (m, 2H, CH,CH,), 1.24

[m, 12H, CH2(CH2)6 ] , 1.58 [ m, 4H, CHzCHz(CH2)7,
N*CH,CH, ] , 1.78 (t, 2H, CH,CH,CH,), 2.96 (m, 4H,
CH;CH,, CH;CH,), 3.14 (m, 4H, CH,CH,CH,,
CH,CH,CH,), 3.37 (t, 2H, CH,CH,N"), 3.49 (m, 4H,
CH,CH,N", CH,CH,N"), 3.56 (m, 2H, NHCH,), 3.74
(m, 1H, CHOH), 3.91 (m, 1H, CHOH), 4.01 (m, 1H,
CHOH), 4.14 (m, 1H, CHOH), 4.41 (m, 2H, CH,OH),
4.53~5.42 (m, 5H, OH kAL F iy EL), 7.88 (t, 1H,
CONH), *CNMR(DMSO-d;),: 13.99 (CH;, CHs, CHs),
14.37 (CH,CH3), 19.93 (CH;CH,CH,, CH;CH,CH,),
22.57 (CH,CH,, CH,CH,), 25.59 [ (CH,)sCH,CH, J ,
27.97( (CH,)s J, 29.37( (CH,)s J, 31.76 (CH,CH,CH,),
32.71 (CH,CH,), 35.55 (NHCH,), 50.40 (CH,N"),
52.25 (N'CH,, N'CH,, N'CH,), 63.74 (CH,OH),
70.65 (CHOH), 71.92 (CHOH), 72.63 (CHOH), 73.98
(CHOH), 173.55 (CONH).,

C,DGMAPB: W% 89.67% (IRF (O [EAK ) .
M55 66.6~67.3 °C, '"HNMR(DMSO-dq), d: 0.85( m,
9H, CH;CH,, CH;CH,, (CH,),CH;) , 1.08 (m, 2H,
CH,CH3), 1.24 (m, 16H, CHy(CH,)s ) , 1.57 [ m, 4H,
CH,CH,(CH,)s, N'CH,CH, J , 1.75 (t, 2H, CH,CH,CH,),
2.92 (m, 4H, CH;CH,, CH;CH,), 3.17 (m, 4H,
CH,CH,CH,, CH,CH,CH,), 3.38 (t, 2H, CH,CH,N"),
3.48 (m, 4H, CH,CH,N", CH,CH,N"), 3.56 (m, 2H,
NHCH,), 3.78 (m, 1H, CHOH), 3.92 (m, 1H, CHOH),
4.01 (m, 1H, CHOH), 4.18 (m, 1H, CHOH), 4.39 (m,
2H, CH,OH), 4.54~5.51 (m, 5H, OH Jyki#t [ 15
3£y, 7.86 (t, 1H, CONH), *CNMR(DMSO-dj), 6: 13.20

(CH,, CHs, CHy), 14.37 (CH,CHs), 19.93 (CH;CH,CH,,
CH;CH,CH,), 22.57 (CH,CH,, CH,CH,), 25.59

((CH,),CH,CH, J , 27.97 [(CH,); J ,29.37 [(CH,); ],
31.76 (CH,CH,CH,), 32.71 (CH,CH,), 35.55 (NHCH,),
50.40 (CH,N"), 52.25 (N"CH,, N"CH,, N'CH,), 63.74
(CH,0H), 70.65 (CHOH), 71.92 (CHOH), 72.63
(CHOH), 73.98 (CHOH), 173.55 (CONH),

C,DGMAPB: I%: 87.97% (IREEMFEA ) . 44
1 67.5~69.3 °C, "HNMR(DMSO-d;), 6: 0.91 ([ m, 9H,
CH;CH,, CH;CH,, (CH,),;,CH; J , 1.06 (m, 2H, CH,CHj),
125[ m, 22H, CHz(CHQ)“ ], 159[ m, 4H, CH2CH2(CH2)“,
N'CH,CH, ] , 1.82 (t, 2H, CH,CH,CH.,), 2.96 (m, 4H,
CH3CH2, CH3CH2), 3.15 (m, 4H, CHQCH2CH2,
CH,CH,CH,), 3.38 (t, 2H, CH,CH,N"), 3.51 (m, 4H,
CH,CH,N", CH,CH,N"), 3.60 (m, 2H, NHCH,), 3.72
(m, 1H, CHOH), 3.93 (m, 1H, CHOH), 4.03 (m, 1H,
CHOH), 4.17 (m, 1H, CHOH), 4.42 (m, 2H, CH,OH),
4.55~5.50 (m, SH, OH SAHFE L Ag#EE5E), 7.90 (¢, 1H,
CONH), "CNMR(DMSO-d;), d: 13.99 (CH;, CH;, CHy),
1437 (CH,CH;), 19.93 (CH;CH,CH,, CH;CH,CH,),
22.57 (CH,CH,, CH,CH,), 25.59 [ (CH,)CH,CH, ) ,
27.97( (CH,)s J, 29.37( (CH,)s ), 31.76 (CH,CH,CH,),
32.71 (CH,CH,), 35.55 (NHCH,), 50.40 (CH,N"),
52.25 (N'CH,, N'CH,, N'CH,), 63.74 (CH,OH),
70.65 (CHOH), 71.92(CHOH), 72.63 (CHOH), 73.98
(CHOH), 173.55 (CONH).,

CisDGMAPB: & 86.87% (IR EAK ) .
155 69.3~70.9 °C, '"HNMR(DMSO-dq), d: 0.86 [ m,
9H, CH;CH,, CH;CH,, (CH,);;CH; ), 1.06 (m, 2H,
CHzCH3), 1.25 [ m, 24H, CH2(CH2)]2 ] . 1.58 [ m, 4H,
CH,CH,(CH,)3, N'CH,CH, J, 1.82 (t, 2H, CH,CH,CH,),
2.96 (m, 4H, CH;CH,, CH;CH,), 3.16 (m, 4H,
CH,CH,CH,, CH,CH,CH,), 3.38 (t, 2H, CH,CH,N"),
3.51 (m, 4H, CH,CH,N", CH,CH,N"), 3.58 (m, 2H,
NHCH.), 3.77 (m, 1H, CHOH), 3.93 (m, 1H, CHOH),
4.03 (m, 1H, CHOH), 4.18 (m, 1H, CHOH), 4.42 (m, 2H,
CH,0H), 4.50~5.51 (m, 5H, OH JyHHEE b AYFESEE), 7.90
(t, 1H, CONH), “CNMR (DMSO-d;), : 14.19 (CH,,
CH,;, CH;), 1437 (CH,CH;), 19.93 (CH;CH,CH,,
CH,CH,CH,), 22.57 (CH,CH,, CH,CH,), 25.59

( (CH,);,CH,CH, ), 27.97( (CH,)1, J, 29.37( (CH,)y; J,
31.76 (CH,CH,CH,), 32.71 (CH,CH,), 35.55 (NHCH,),
50.40 (CH,N"), 52.25 (N'CH,, N'CH,, N'"CH,), 63.74
(CH,0H), 70.65 (CHOH), 71.92 (CHOH), 72.63
(CHOH), 73.98 (CHOH), 173.55 (CONH),

LAV B tr g Rl A, 2 4R dl &
DGMAPA #il C,DGMAPB,

22 FEKASH

C,DGMAPB /KA Y ZR MK S an & 4 PR .
&4 A7, Y BE/NT 0.3 mmol/L B3 1 I 1 0 i
TR R T T B BE 3 SR R R, R
KFR, BWRERD—EERT BB S, S At
N U BE R I AR (eme ), ERE KK
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FURTE AL . 2 Je 21 3k 1 AN T v e 1 A28 Ak i el
s RIEAR (2) ~ (4) PORER R FE 28 Sk A
HI A AN e ( Ty, mol/em?) | 43 AT AL ( Apmin »
nm? ) FIEMIHESCR (pCy) -

1 dy

Fmax == ( 2 )
2303nRT  dlge ),
1016
in = ( 3 )
Am NAFmax
PGy =18 G5 (4)

Ay HEEK S, mN/m; T HEXFEE, K; R
HEMAHEEL, 8.314 J/(mol-K); ¢ MHE, mol/L; #
S FEPHES TR TP o (L 275 Ny BT R (%
WHL, —BUE A 6.02x 107 mol™'; Cy Sk 1
7K 1A 20 mN/m BT 22 T TS PEF M, mmol/L,

00 vug = C,DGMAPB
e C,,\DGMAPB
ol 4 C,DGMAPB
E v C|4DGMAPB
> + C,,DGMAPB
E 50+
g
40}
=
30+
20 0.001 0.01 0.1 1 10
¥ B /(mmol/L)

B4 gk Sy bt e 5 9 22 A il 2k

Fig. 4 Variation curves of surface tension with concentration
C,DGMAPB T 5 i _F i i 2 8O 1.

# 1 C,DGMAPB £/ Ft 1 L 1 W B 2 %L
Table 1 Adsorption parameters of C,DGMAPB at air-liquid
interface

cme/ ycmc/ C Enax/ Amin/
(mmol/L) (mN/m) Pt (mol/cm?) nm’

C;:DGMAPB 1.128 29.65 3.985

1.839x107"°  0.903
CwDGMAPB  0.789 31.07  4.142  2.961x107"°  0.561
C,DGMAPB  0.704 28.34 4196 3.827x107"°  0.434
Ci,DGMAPB  0.618 32.14 4272 4.526x10"° 0.367
CixDGMAPB  0.332 2940 4.284 5329x10° 0311
C1,DGPB™! 4.75 28.36  3.69  1.449x10"°  1.146
C,DDGPB™  0.142 29.36  4.563 1.284x10"°  1.297
C,MHGPB™  1.67 29.60 3.69  2.132x10"°  0.719

C1,DBGB™* 0.71 2761 464  1.226x107"° 1350

ZE 1 AT LAE M, 5 RhE 2 e 2 b
( C,DGMAPB ) [ cmc Fifi i K B B 1) 3% K AR /N o
X RO BB R, Bl SURE () B AV R, R
il 7 2R K Sk B Z 0] BT R R T B g DR A 4 B AR

M, A REEPERIE A S RETE UK AT, i 2
TEMmEMERY, H C,,DGMAPB 1Y cmc i T 2%
C,DBGB, #4% C;,DDGPB f{ cmc A, H4
C,DGPB 1Y cmc fx K. C,DGMAPB [#3 [fiijk /)
( Peme ) FE 28~32 mN/m Z ], H -+ Bk 7 8E
( C,DGMAPB ) . B 4% ( C,,DGPB ). XL 4%
(C1,DDGPB) . ¥ 2. %:(C,MHGPB) Il 5tk (C,,DBGB)
FWH B AR yome ABTE 28 mN/m 2247, LT
WL bR F TG P A R K 7 (>35 mN/m )P,
Ut I S ok e 2 e ER AR AT A vy BRI K 2 1
K ITRIRE T o 2 I PSR R A R A R R 1 R
5 — (B BT R T TR R AV B, AT LA pCao 5E
S, pCoo THARAK, FmiZ 3R & M AR 9K )
MVRBCR R, RGBT, pCoo ¥ I — A FAL,
FEHE MR ROR A 10 5. R 1 TLIEH,
Bl A B K BREE G, pCao WREZ I, HER™=H
TESLTH b 0 W B 803 sy, BRATOK I W T 5K 7 1Y

R 1 AT LIRH, Diax BEE B EE B3 K1
K, Amin BEEREE RGN XDRGEEH — M
B BRI PR R 0 W B R A — B, TR R A
8~16 ML HEI N, kI BOGhn, A BRI R 3 i,
31 B A T R /N2 AR TR 6 R o I 2
FEM L AT, Toax MWRENBUF . C,.DGMAPB>
C,MHGPB>C,DGPB>C,DDGPB>C,DBGB; An M
INB KA . C1,DGMAPB<C;,MHGPB<C,,DGPB<
C,,.DDGPB<C,DBGB.,

PR ] £ 10 2 50 A [) 45 4+ — R L F 4
()5 T2 5 A HEA Qi s 5 R, B LR T
PEF ( C_MHGPB ) 4432514 5 B 4% 3% 1 % 4 571
(C\,DGPB) Lk, ¥ N B —AH B T
Fes M EER AR (CL,DGMAPB) ¥ N L
WA R TN T S, fE N B2 AR EE, 1T
RETEZK/ASERTH ™ A T e W SR T e, AR 7R S I A% o3
TWETE R ; C,DGMAPB 7= fy e = 3 kM, A
I SRR 228 R ( CLoDGMAPB ) Y Iy 2K,
Apin T2/ o WEEFRTETE M (C.DDGPB ) A1 45K
BKEE, G5AZELT Gemini BRI FE MR, ISR K
WRBE S A, HERR IR, A AE S
mi A /N R L R R M5 (CL.DGPB) 11
K, TS Ef A Bt LB (C,DGPB ) [/,
FARFHIEER (CL,DBGB) £ LA N JET R0
WA 25K B K BB R A 21 K Sk 3 S5 2R T ERE
ST FE R 2%, A A AR, Bk - K+
Z I B HER ik, S8 C,DBGB 4 116 A1 L )
Hom i /b, AR 4T IR am B K
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o0 o,
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CH, Br
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H |+ H, )
HO CN N NC e cn,

OH Il
0 CH, CH,

|
(CHZ’)w
¢n
C,DDGPB

i
((Iin)m

Br

HO

HO OH CH, HQO  OH

H | 4 H
HO OH |C|_N\/\/ II\IV_\/ N_ﬁ“ OH
o CH, Br O HO

OH

((::HZ) 10

CH,
C,,DBGB

CH,CH,0H

K5 sty 5 amHa s gl

Fig. 5 Molecular structure and interface arrangement

2.3 ABMEBESH

M5 T ARlBR4EE C,DGMAPB. 1227 il DEQ
TR, ZRWE 6 ian, hE 6 nlH, RKENE
PERI R RE SRR BE K AR KR, HHiK
B A IS i A A, K R K s
o I Y B R AR 5 R0

8t
7L
61
5_
£l
3_
2_
1+
‘O R R PR O
TS S S TS
096 90 90 90 90
ot Y Y

Kl 6 C,DGMAPB. 1227 il DEQ MR fEXT L &l

Fig. 6  Wetting performance comparison diagram of

C,DGMAPB, 1227 and DEQ

M 6 aJLIEH, C.DGMAPB 1R} A f
%, Cu.DGMAPB Fil C;sDGMAPB i [H] 42530 ,
HB LR, U B S S T TR SRR A 12 BT R AR
AT o X AT REAE A M ikEE S 12 B, 2R
JK F B 7K A =22 () 3 1)1 5% LA i AR Y A5 SR 1 S
RS (P ST R LA R AN B (1227)
O 224 4R (DEQ ) #1TbE, C1,DGMAPB )
TSRS DEQ, KT 1227,

WRLATS T A T2 00 1 A2 3 T 955 A ) W S5 A A1 1
THIRSCR, REEMERINHSEEER Tz, S548
[FIAA TR A kR e, kg T B 4 T O IS 3R 1 3 2 7
ATENEERE , AR SCOCR Al A s 2 T C,DGMAPB
SR IR EIRIERE . B 7 BoR T 250 4 %8
JHig 2 0 ST 5 77 5 PTFE #5260 s 422 ik £ i
FEEMEFNRE R EHE . WK 7 ATRAES, 4
e E<0.03 mmol/L B}, =i 7E PTFE & [l A9 2 fi £
T LR MU EE>0.03 mmol/L i, 2 i £ bk [
fi%, EEIRTF eme UG, #fbMAIEANA, UL
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Fish 4 TE 975 1 791 43— P 7KV R 3 T W R Sk B R, R
T 8] 1A 3% T A4k 22 W B o 7E B ik BEE Rl (1 0.01~
5mmol/L) P C,¢DGMAPB i ffifie/ N, Yk ik
#] 5 mmol/L i}, C,(DGMAPB #il C,,DGMAPB [1}$%
fil f HE AT, BEREARE] 47°, R AKR &4

CsDGMAPB, C,,DGMAPB #1 C;,DGMAPB & [
PRI RERF LMl AR AR 2 5602847 o i HAAh S 78 =
FEh RIS TER S PTFE AYEfm M — B #R>70012

3 W LG AW 5 Tt fi 2 i 5 3 T 4P 7R EL AR AR i

MEERE

110} —=— C,DGMAPB
—e— C,,DGMAPB
100 —— C,,DGMAPB
~ ol —v C,,DGMAPB
3 C:sDGMAPB
€ gol
&
M 70 F
60}
50+
40 L . .
0.01 0.1 1
¥ & /(mmol/L)

Bl 7 C,DGMAPB ¥k 5 PTFE 21 He fil /i 1) ¢ &
Fig. 7 Relationship between concentration of C,DGMAPB
and surface contact angle of PTFE

24 FLILHEBESHT

KGRI ) BRI, R A S )
R A TP C,DGMAPB. 1227 1 DEQ
PR TR T S A FLARRCR , SR A R R R E T
FE 6B R S AR AR A S LA T o iEsRAS
R B b MFLIR 43 B 10 mL /K Br s B fy s ), A
R, FLAEPEREER AT

C,DGMAPB. 1227 1 DEQ HyFLiktEfetnE 8
Jron o I 8 AT LOULER 2, 1 1 1471 C,DGMAPB
1227 A1 DEQ X}F A 53 A9 FL AL BE 71 HH 58 T 1A
AT . X ATRE 5 B AT o3 1 A8 RN 43 18] B AR BLAR
A K, WA I 0 2R A dE, TR S
FER A R RR TR, N iR 55 2% 3 o 790 10 25 44 2%
o, Mt B mEERIE K, C,DGMAPB
o YA A s RN R LI B LA B AR R B Sk ok
JEwUNR s, Hd, C,,DGMAPB HFLAL I AE R
I, H&ET DEQ, T 1227, FUALTEREMISRES 55>
T4 . SEOKGEMEA(E (HLB ) KR B B R )
FmHE A ERRAE L, A ER R E AT 68 &
1227 4y Fa5H v A BH B 73k 3 o0 ok 3k, HoAh 3%
eI A ; DEQ i P45 h & A — 1R L3k,
FoKPELE 1227 3%, FBELMRERSS; C,DGMAPB
S FEER PR BB Z, AT L EEE

W, A —ARKHE, PIAT R, WEBAD T4
¥k, Lt DEQ Ryl , FULREI R, X
DR W R 2 e A 2 T % P ) P A LA 700 ) 592 o O P i
BT —E B AR

20

18 ES kAR 7
sl KT

14+

12+
=}
g 10f
S gl

6_

4_

f E
R R R PP D S

VAP

FFFFy T
¥ Q@ oY 0\9 0\9

Kl 8 C,DGMAPB. 1227 fil DEQ M ZLILIEREXS [k
Fig. 8 Emulsifying properties comparison of C,DGMAPB,
1227 and DEQ

25 EEMEEES T

SEARI A sh Ik P B KRS i B 55 LT
BV GO, T e B P R =,
I, (i, IR, TRE. K. ZIhfE. X AR 4
SRR 5 A TR R Tk B — N K SR A A5

KRk Ross-Miles #:M1, i€ T C,DGMAPB ,
1227 Fl DEQ R &M AIFEPOK h ik tERe, 45
RIULE 9, 30 s BHHIRRBUNRIE S, S min B
R 30 s B I PR B EUAE R 100 VR A R 1

E=530s
B2 1 min
40r  =N5min
&
E
:@20

(=]

%9 C,DGMAPB. 1227 Fil DEQ il ik ¥ REXT Lb
Fig. 9 Foam performance comparison of C,DGMAPB,
1227 and DEQ

ME 9 AT LU H, DEQ RSl J] feik, k&
1227, C,DGMAPB Ak, XA HEZH A C,DGMAPB
FEan T A A R, RS AR Bk AT AR B
FIBU LA 4 5 Fh= i C.DGMAPB il C,(DGMAPB
1E 30 s AV IR 30 mL, 5 min BF 3 3 A i
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BRI 5 mL, HAth 3 Fy= i #05A ik, H
v IE B 2 ISR TG MR A A U BB T FE 200 mL
LI, 5 min AP RREIHEAE 100 mL LL_EPL R,
AN A B2 e 3 T R A T R I o R
i, A A R AR PR ST 2 B TR R B A ) S AR
I, SR PR AR AR ™ & H T T
AP . B A BRAH . IR,
26 HESHESH
KREBFMGHERIA —E WA, R
TGN T Z B I A sy AR —
BIFEIR o KM S0 R B, PH S 3 1 0 M 75 7
R, HUCEHE FRmEEMER, 68 TR miEE
FIFEPE A /N o 02 B 8 3R 1T 77 M AR 8 7 400 i
Bk, (i HAEAR 22 0 ATk Az B RR I, e A
B2, DRIIL, I B s 2 o 0% A 5] A 400 it 7
PEXT N B EEE P, R MTT %5 7
C,DGMAPB [ i& P 7 %) Hela i (19 735k
Hela 4015 C,DGMAPB ( Jfi v iuH 5~
75 mg/L ) FL[EHESE 48 h 19 MTT MA&5 R an &l 10
fiim. FTLVEW, 54 AMXTA M, BEEWRE
W Fhm, RETEERK, MG R 2 FREEE. F—
WRET, MEWEEMIGE R, MRAERERZ 2T
TR TR, C.DGMAPB W E: /N, 4
J e IR H] 75 mg/L B, AIAFATE FiL A 56.16%;
SR, WUFERTE G ML) (C,DDGPB ) Y40l 771
A 3.71%P0, U S OB I Bk e 24 3 i 4
R PR OV R . AR TSR, 1227 J&—FpE Y
PHES 2 mim e, MIE 10 aTRIFH, 4 1227 1)

J R EEAE S mg/L B, AT R H A 20%, WEE
YREp¥E R, AU LT ERET

HE 10 &0 LA, C,DGMAPB [ 21 iy 51
FAKAKT 1227, H C,DBLB F1 C,DDGPB [ 4 i 25
P BART 122705 BEIAYE /> T 254 R om A
R 25 P S D M AR T e B R R AR 43T 1) 41 i
BT o 2B 0 A0 i 1 2 R T PH B HE
FE R K PER!, T C.DGMAPB 7 i 75 FH 85 1 Ha i
B FE g K 2 [ ] Bk B T — A S AR,
R rE i Frlh, fEH L, &8, B2, Kb
R G SUEp YL SE N S, SIS A I e 2 4
AR FRTAIG M) LU A% S BH 85— 3R TR 336 1 500 S 22 4

1227
100 CZIC;DGMAPB
m = [CTIC,,DGMAPB
H SNC,,DGMAPB
80 LH *  [3JC,,DGMAPB
X m s+ EEIC,DGMAPB
@- i g {‘
| 1 e
s 60 HH
= 40 A
g N
20 HH
oH
MHRE S

FREWRE/(mg/L)
e S5 ERXTIEAMEL, *P<0.05; **P<0.01
&l 10 Hela 4% 115 C,DGMAPB ¥R & i) 5 &R

Fig. 10 Relationship between Hela cell viability and

C,DGMAPB concentration
27 RAEZOSHELSH
AR 2 77 i 7 3 S R AR Y R VP A 7 i
BRI, SRR 2,

F2 LD EELGER
Table 2 Results of acute oral toxicity test

151 peg IR 0 _ I BTN ETR%
[mg/(kg-BW)] D0O” D7 D14”
C,DGMAPB &i\" 5000 10 20.2+0.7 27.9+1.2 34.0+1.7 10 100
92) 10 19.2+0.8 27.1+1.2 33.4+1.8 10 100
) 1000 10 20.2+0.7 25.9+1.7 33.0+1.7 0 0
Q 10 19.0+£0.7 254+1.3 32.5+1.6 0 0
) 100 10 20.2+0.7 24.5+1.5 32.8+1.4 0 0
Q 10 19.2+0.6 24.4+1.4 31.4+1.2 0 0
C,,DBGB IS 5000 10 20.3+£0.6 26.5£1.2 33.0+1.3 0 0
Q 10 19.5+0.7 26.0+£1.0 32.8+1.4 0 0
C;,DBLB 3 5000 10 20.5+0.8 24.9+1.5 30.0+0.9 0 0
Q 10 20.1+0.9 25.1+1.4 30.1+1.1 0 0
1227 I} 5000 10 20.5+£0.7 27.8+1.2 34.1+1.5 10 100
Q 10 19.2+0.8 27.2+1.2 33.2+1.2 10 100
) 1000 10 20.3+£0.7 25.2+1.7 33.1£1.6 10 100
Q 10 19.1£0.7 25.1+£1.3 32.4+1.6 10 100
IS 100 10 20.1+0.7 24.2+1.5 32.7+1.4 1 10
Q 10 19.0+£0.6 24.3+1.4 31.1+1.2 0 0

OHErk; OMfirk; G0 d T @7 d RESE; 14 d KR,
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M 2 aJLIFEH, C.DGMAPB 32564 /N E
B YL 7 < 1000 mg/(kg- BW)I, JET-F N 0, 24
PR A 5000 mg/(kg BW)I 528 & BAET:, 76
14 d WEIN, i Z i sh i B PR R UL I I % 22 I
MEEERRIMS, 45 C,DDGPB —8(, M
T2V LIE, BRI 5 EE (C,DBGB
C,DBLB) £330 5000 mg/(kg- BW)RT, /&
FAET-30 0, BB RIS PRt & (LD )
KT 5000 mg/(kg:BW), J& TIL#S. 1227 LK 4H
BN % RE AR A 100 mg/(kg-BW)I .4 4~
B BAETS, YRR = 1000 mg/(kg- BW)I, Frf
ZRBIPETRIET, i H ARSI AR R I A
METE IS, 5 PAVAHEM RO, D] 1227 AyREdE
iR, R, C,DGMAPB #1 C,DDGPB & 1EE
T 1227, @ TAKE 0, RUES AT ImAL
WIAEZS 1 i AT L R e S e R (0 ™= b i B b,
W gy, JUHUE AR5 (C,DBGB 1 C,DBLB )
AR —FP A I A B TC R AR A=
2.8 HEMEEESHT

TR BT | SO AR Ak
KR C,DGMAPB KT Fl 4 B (0 A 25 6K
RIS A 11 Fos.

E=50.1gL A
| 7 02 gL
I B B B
sl 0 0 0
. o o o o
‘3 I I B
s |7 0 2 7 7
40 % E% E% % %
- B = =
= = = E =
L B BB

K 11  C,DGMAPB X RFT B ( A R4 8 (AR (B )
EINTEIER
Inhibitory effect of C,DGMAPB on Escherichia
coli (A) and Staphylococcus aureus (B)

Fig. 11

& 11 /[ %1, C,,DGMAPB BN RCR U, 4
JREHRFELE 0.2 /L B, FHCXF W B A0 40 B R AR e ik
#] 100%, C;oDGMAPB #1 C;,DGMAPB 44l }& % 1,
AEIRE] 90%L I IS 5 A PR L 2Z 1y il £ i 5
% (c,DGPB) M 4% (C,DDGPB) BU | Bk

(C,DBGB) PfI¥ 2,3 (C,MHGPB ) PUJ iy fif 5
P e 23tz 8 (A4 BT PR RE— 3, RSB EE N 12 AP
SR H, C,DBGB I B AR Fc i, 0.05 g/L
s X6 79 o B 0 R IR F 100% 5 24 R E N
0.1 g/L B, HAh™™ &R %4 . C1,DGPB>98%,
C1,MHGPB>95%, C;,DDGPB> 85%, 5 Hfth JLF2
BRI B A, C.DGMAPB B9 1 2% AR B 1K
76 0.2 g/L B HETA ] 100%, {HE Y 40 i 35t 2
AR o AE— MR PE S A i i AR T I
WelE, ik, C,DGMAPB 7EIFE % i 414 T figig
SKFME R . C,DBGB &R i, 7] fE 2
JH o FEE R FR Rk (WL S), AT RATESR A4
PR ANFE S =2 A AR R BE ) =2 [ 3k 21 -y
B AT N B = A B R B A AR, T & 5
S QEEOE IR
2.9 RBRERIEES

T &5 7= C,DGMAPB K1l & 7% fig B
U, DRLOHRT L ™ ol 0 B R RS M R R AT T A . A
WELH) 48 h N &L, C,DGMAPB X8 P 22 G fil Jz
JR A S ZCR 0, L 7E I XL 2% A [ PN A DL 2T Bt
KPS, HA L2 sk WA B K B ik
SERIRG R IR Sk TC e . I, pe2E
FEEMAEVET AL . B2y Rl . Rl MR B2
R N B e R TV S S P o
210 EREBMERES T

C,DGMAPB 57 [ 5 FPT i # 7 SN i
PR REXT L L 3.

#3 C,DGMAPB Iy#i i M RE
Table 3  Antistatic properties of C,DGMAPB

FE i JF R /(g/L) R/Q IlgR,  Algp,
2 H 2.82x10"% 1345 0
CsDGMAPB 0.1 1.35x10"  10.13  3.32
C,0DGMAPB 0.1 2.57x10"  10.41  3.05
C;,DGMAPB 0.1 57510 10.76  2.69
C1;,DGMAPB 0.1 2.88x10" 1146  1.99
C1sDGMAPB 0.1 1.17x10"  12.07  1.38
SN 0.1 7.07x10° 9.79  3.66

O Yy HLBH

MR ITATLIEL, TEEMARSI= T, HEE K
BN R PERERG TS . E R ARME GB/T 16801—
2013 PRI AE U 23 (B i e 5 b by 2 T EE FRL B
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(ps ) XHEFEARME (Algp, ) =2.5, CsDGMAPB
C1)DGMAPB #il C,DGMAPB =75 JFi e A Ky
0.1 gL Btk 3 Ttk 2ok . Ho,
CsDGMAPB [ Algp {55 SN #2ik, BHA KL
e, C4DGMAPB F1 C;,DGMAPB fy#T i,
PERBA 22, X OTREE 1 FRRBEMK , Bi/KMEM DT
By s [ PR K, ZRgiih i) IE AR 55, FESU R
T (14 W o BB 0 R 25 8 55, DA 3 Bhe i F 1 BRI

3 #it

(1) DL D-#% IR -6-INEE A1 N,N-—T 2-1,3-
e okt Jolelin g, PSRk & A B
P18 T 5 1k ) 28 T 2R 570 4 0 O T P 2 e 2 1 U 12
7 C,DGMAPB., i 2T/ | ARG S Fasis
X7 b ZE AR A TS, TR A R 7 i B Sk B =40 o

(2) BEH BREEMIHE K, C,DGMAPB 3 i i P 5]
cme Fl Apin BHIH/ , pCap F Finax K, Yeme FE 28~
32 mN/m Z[H), KT8 W R EEHERT yon

(>35mN/m ) , UiBH LIS 85 B AT BT BRI K
Mk I RRE T o

(3) Wit WA DIFEZEIEH T C1,DGMAPB X4
AT A IE IR BE AR A o 7575 S5k B2 I ( 0.01~5 mmol/L )
N, C;,DGMAPB HI C,\DGMAPB HEffi 74k £h v ik
5 PTFE B3 i £ FRARF 47°, 26 Wt M L ot i 2=
B Th B B TR R BE L B R BE A K,
C,DGMAPB X F ¥4 A7 W Ak &2 3 ) FL AL g ) 5
ARG /N s, Hd, C,DGMAPB (%L
fEPEBESR LT . C,DGMAPB J& T 78 [ {IC s 78 = i

(4) dfEdHrEmArEZ I FHELRY R,
C,DGMAPB MK# = 5, XF f Bk JCH e, HEAE
e B R T P AP L P RE o C1,DBGB S i R T
PERYTCEE R = o L N L M0 e 2 e 2 T i 2 71
AR — R B LA TS AR REE L E
PUE L AR 0

SE k-
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