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Abstract: Three surfactants of 4-isopropyl-1-methyl-bicyclo[2.2.2]oct-5-ene-2-carboxylic acid ethyl ester-
2'-(N,N-dimethyl)amine oxide (tertiary amine N-oxide, TAO), 4-isopropyl-1-methyl-bicyclo[2.2.2]oct-5-
ene-2-carboxylic acid ethyl ester-2'-(N, N-dimethyl-N-benzyl)ammonium chloride (tertiary amine N-benzyl
chloride, TABC), and 4-isopropyl-1-methyl-bicyclo[2.2.2]oct-5-ene-2-carboxylic acid ethyl ester-2'-(N,N,
N-trimethyl)ammonium iodide (tertiary amine N-methyl iodide, TAMI) were derived from 2-
(dimethylamino)ethyl 4-isopropyl-1-methylbicyclo[2.2.2]oct-5-ene-2-carboxylate (tertiary amine, TA) which
was synthesized from a-terpinene by Diels-Alder reaction. The three surfactants were then characterized by
FTIR and '"HNMR, followed by investigation on their surface properties and bacteriostatic abilities. The
results showed that the critical micelle concentration (CMC) of TAO, TABC and TAMI was 3.39x10°,
2.46x107 and 2.37x107> mol/L, and the corresponding surface tension (ycmc) was 33.0, 25.2 and 26.4 mN/m,
respectively, lower than those of commercial analogue dodecyl dimethyl benzyl ammonium chloride
(DDBAC). Moreover, TAO, TABC and TAMI exhibited good emulsification property with emulsifying
time of 581.0, 341.7 and 271.0 s, respectively, as well as good foaming performance and foam stability with
a foaming height of 76.62 and 82.77 mm, and the foaming stability of 0.85 and 0.87, respectively. In
addition, TABC and TAMI perform well in calcium hard water stability test, while TAO in calcium hard
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water stability test is unstable. Furthermore, TABC shows the best bacteriostatic effect on Staphylococcus

aureus, with 21 mm in the diameter of bacteriostatic zone and 99.99% in the bacteriostatic rates.

Key words. a-terpinene; amine oxides; quaternary ammonium salts; surfactants; surface properties;

bacteriostatic properties
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=9 A 40 mL JE/K £ BEH 24T A AR R AL
ERAFE[EMA R T, KL RER L, IR AR KRR A
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A FREL 2.5 ¢ LB Wimts M ARSI G, e
T R 2R VK AR 121 °C L 15 min K RE .

LB [{ARRE 573645 . FHE A EI 100 mL T
alfiZKfE A 250 mL KA, BT R 2 BIFREL
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BREA T AR A AN RS O R O R HSN—
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WAL HIW TA. TAO. TABC Hl TAMI B304 i .
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1619 1373
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1734 1151

2875 1023

) ) ) | 1ma 4351371 )

4000 3500 3000 2500 2000 1500 1000 500
PBE/em™

1 TA. TAO. TABC # TAMI [ FTIR i &l

Fig. 1 FTIR spectra of TA, TAO,TABC and TAMI

2.1.2 'HNMR 4-#7
TA. TAO. TABC F1 TAMI [ '"HNMR & W,
B 2, B2 WA B ) AR EE a0 T Brs o

TAMI
CIDCI) L A ...‘JA
TABGopcy,
| 4A 1 | N 1 J.ll}l
TAO
;N W |
TA
1 1 1 1 1 1 1
8 7 6 5 4 3 2 1 0

2 TA. TAO. TABC I TAMI [} "HNMR %%
Fig.2 'HNMR spectra of TA, TAO, TABC and TAMI

TA: 'HNMR (400 MHz, CDCl;), : 6.03 (q, J =
8.5 Hz, 2H, —CH=CH—), 4.08 (td, J=6.0. 1.8 Hz,
2H, —OCH, —), 2.79 (dd, J = 9.9, 5.6 Hz, 1H,
—CHC=0), 2.49 (t, J = 6.0 Hz, 2H, —NCH,—),
2.24 (m, 6H, —N(CH;), ] , 1.95 (m, 1H, —CH—),
1.36 (m, 2H, —CH,—), 1.26 (m, 2H, —CH,—), 1.14

(m, 2H, —CH,—), 1.10 (s, 3H, —CHj, ), 0.91 (dd, J =
11.3. 6.8 Hz, 6H, —C(CH,), )

TAO: 'HNMR (400 MHz, CDCly), 5: 6.08 (m,
1H, —CH=), 5.96 (m, 1H, =CH—), 4.56 (dd, J =
6.8.3.9 Hz, 2H, —OCH,—), 3.76 (dd,J=11.1, 6.6 Hz,
2H, —NCH,—), 3.45(t,J=6.5 Hz, 6H, —N(CHs), J,
2.49 (m, 1H, —CHC=0 ), 1.70 (m, 2H, —CH,—),
1.54 (m, 1H, —CH—), 1.29 (m, 4H, —CH,CH,—),
1.13 (m, 3H, —CHj3), 0.92 [ m, 6H, —C(CH3), ) .

TABC: 'HNMR(400 MHz, CDCl3), d: 7.65~7.45
(m, 5H, —C¢Hs ), 5.99 (m, 2H, —CH=CH—),
5.11 (s, 2H, —NCH,Ph ), 4.53 (td, J = 14.6. 7.6 Hz,
2H, —OCH,—), 4.02 (m, 2H, —NCH,—), 3.35 [ m,
6H, —N(CHs), ) , 2.49 (dd, J = 9.9. 5.8 Hz, 1H,
—CHC=0), 1.46 (m, 1H, —CH—), 1.40 (dt, J =
9.4, 3.0 Hz, 2H, —CH,—), 1.27 (t, J = 8.8 Hz, 4H,
—CH,CH,—), 1.10 (m, 3H, —CHj; ), 0.91 [ m, 6H,
—C(CHs),J ©

TAMI: 'HNMR (400 MHz, CDCl3), 6: 6.13 (dt, J =
35.8. 17.9 Hz, IH, —CH=), 5.91 (m, 1H, =CH—),
4.50 (dd, J=4.9. 0.5 Hz, 2H, —OCH,—), 4.05 (m,
2H, —NCH,—), 3.54( m, 9H, —N(CH,); ], 2.53 (m,
1H, —CHC==0 ), 1.75 (m, 1H, —CH—), 1.39 (m,
2H, —CH,—), 1.25 (m, 4H, —CH,CH,—), 1.15 (t, J =
2.6 Hz, 3H, —CH3;), 0.92 [ m, 6H, —C(CH3), ) .

TA () "HNMR 3% & H N R 5% 32 i —CH,— Al
PIA~—CH; BIFFIEIE ST TE 6 2.49 Fil 6 2.24, B
TAO. TABC. TAMI J5, #ER0MEEHATIG 5% T &R T
P BERCRN , i N 53442 1 —CH,—F1—CH; 4%
fEE S BRAE IR, TAO FE 6 3.76 1 § 3.45 Ab .
TABC £ § 4.02 f1 6 3.35 &b . TAMI £ 6 4.05 fil 6 3.54
4b. i H., 7% TABC 1E 6 7.65~7.45 (5H) AbH B
W PR IR A MARVERAE I, 7E 6 5.11 (s, 2H) 4b
I N-RESA I L R0 ) TAMI 7E 6 3.54
(m, 9H) HI—N(CH;); 1Y 3 NH T I, HT
Diels-Alder SN ™ ¥ 47 7E [7) 53 5 14 1A Bl B 2 0 £
G BB A A TN nt 1 B, T ME DABR 25 A
V2 I ff 6 0.8~1.8 Ji il i e i Jo 10 A7 31 T4t
R A R R 0 1 A2 7 RS R4S 5 7 0 B e AT i 45
FH 5 . 454 FTIR F1 "HNMR EAE50H7, UE TA .
TAO. TABC Hil TAMI F=¥) i3 & hi o
22 FREM#E
22.1 CMC & yemce

CMC B2 18 3 4 70 SR B2 T0 1 e o 1) B /N
CMC /)N A 22 TG M 70 28 TG PR ARG & yome A2 ZR T
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TEPERIE RO E CMC BhAR IR W S, Bk
N T i g e 3 T 9 e 0 B ) 2SR A pemc
/N P 2 T UG PR R A M R T K TR 22 . TAO .
TABC. TAMI B3R A1 5K J7 FTHe FE X B0 C R A 3
Fizs, FEHEHERE CMC Hl youe W 1; BT
fELLEE, R 1 ABHNH TR S AR T R e
TS (OA-18) Fil bk TR LR LA
fk# (DDBAC) &%k, ¥l 3. & 1 AlH1, TAO.
TABC. TAMI ) CMC 4348 3.39x107, 2.46x107°,
2.37x107° mol/L, yeme 43 H2 33.0.25.2.26.4 mN/m.,
TAO 1) CMC . TABC F1 TAMI i) CMC K, &Kl
TAO F 1 G PEF] N—O H i) O SIEFI K4 FIE A
B, BRI T TAO G PEF N—O FE7E W 1
., S5 TAO K5 [ BIE B K" TABC #) CMC
Hl yeme 5 TAMI AR ZE AN K (H AR HL RS & ik DDBAC
BN, Hp eMC /NT 1 AN, T yome /N
10 mN/m, #iHH TABC F1 TAMI FY2 i M A 24 H.
#ALT DDBAC, H4R TAO 9y CMC KT OA-18 ()
CMC (1.9x10° mol/L ), {H TAO Y yemc ZMg/NT
OA-18 1) yeme (34.3 mN/m ), il TAO L OA-18
T BE AR W R T 5K 7 o

80
—o— TAO
70 —&— TABC
6 —o— TAMI
Z 60F
&
= 50
s
E 401
.H% a
301
—1
20t . . . : :
-4 -12 10 -8 -6 —4

1g[c/(mol/L)]

K3 TAO. TABC. TAMI f§ y-lgc £k
Fig. 3 y-lgc curves of TAO, TABC and TAMI

F 1 AE 25 °CTR AR I i P R 4 2 1h P g
Table 1 Surface active parameters of different surfactants
at25 °C

FE 5 TAO TABC TAMI OA-182 DDBACR”

CMC/(mol/L) 3.39x107 2.46x107 2.37x107° 1.9x10°  5x107°
yemc/(mN/m) — 33.0 252 26.4 343 35.9
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WSR2 g, RN HEERE
A A A g AR T e iR R A 2 K m ak h
R, T AR AR A 1 5 HE R R R P A
R s LIS 0 min BEEYIIR S BE (H, ) FAF

TG PER R PERE (FA ), FA (BB I i
REkLY; LI E S min 5K EE (Hs) 5 Holy
LA FRAF 2 1 6 MR A e (FS), FS EBEE
IT 1 MFR M RE LS . K] 4 S TAO ., TABC Il TAMI
AR AR M IR A 2 . B 4 KB, TABC
TAMI ) H, 7] ik 76.62 A1 82.77 mm, JfH &
PERE N 1A% 0.85 1 0.87, TABC . TAMI & ¥ M Aty
IRFE T TAO, — 71, TABC #l TAMI 5
BN FRTTK ST, R R R A B3 Dt ol LB
J AR SRTTIERY 4 R TS e TITREER & i 2 A
PR T U R VR ) 2 B A RO R LR B Y
AR AR R E . 59—, TABC Ml TAMI 4
TR B3R TR 52 AT 52 M T BOSCHR JZ2 45 449, AT AR 1E
JEZ AN AR 2L, Yo TR e Tk . L akah
SLULEH, TABC 1 TAMI 7] FF /53 40 2 T 4 57 2
B, 1 TAO 3 A JC i AIK If 78 3 1 0% 1 751 4k

82.77 L0
80 - o8  [{1], Mﬂ
— 108
48— |1, —
E 60 - N = I ] B = a9
= N — |:|. — 06%
%ﬂ = (= 2
= 40 N — [ Y
= = = 04 &
R’ = 1=
20 -  — :,: —402
I=HNHEN=
0 — L1 —
TABC TAMI

Kl 4 7E25 °CF TAO. TABC. TAMI MYk Pk fE
Fig. 4 Foam ability of TAO, TABC and TAMI at 25 °C
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2.3.1 sULkEg

T I% 1 F BE AR AR A AL TR 5K T, s TR B
) T R R, R LR I R e L T AR 1Y)
P VIAH G . TG PR B FLik AR,
LA RE Sy s AR MFLIR A3 H K B4 R i) 5t ek
£, TAO., TABC., TAMI & {75 B9 FL 53 7K i
) W% 2, 22 %W, TAO. TABC il TAMI B4 B
W ELAeRE S, FLARETEI 3 5Ch 581.0. 341.7 A
271.0 s, Fifisk 19 /N TABC #il TAMI B9 FLAL fig
NEBALT TAO, 1 — g B & A sk 1 /N FL
RRFEES, B, BRI ARSI
EVER LRI R . T TABC il TAMI f) 35 7K B4k
FAIXS R B, AR T 508 R K S B 2%
IR EERNSM ) FUR R , (o T I 1 o HES ) K
FRBEREAR, MISEm T AU A s B, SoxE LA ZE R
HR LW R s M, JE3 PRI TAO K%
FERE Y, A AT IR BLHES B ) B,
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T T H A AR, Frll TAO RFLILEE J1f
1M [H) R B F-#4Y TABC FLIBRE I KT TAMI, J&
A TABC MY IRIAEIAFFA A m-n fEFIPYH TAMI
By RR PR A AL R R R . S5 R, RAREL
W AR Z B R K ) 5 H AT R e MR IE ARG, (HIF
AR PR FLAC TR RS OE 1 L T R 2 Y B TR
T 35 174) 2 T 93 1 791 01 45 4 T) R 2 s i) 2 LoHR T A
EMENEZERNE,
%2 25 °CTF TAO. TABC Il TAMI = H IHEHES%L

Table 2 Parameters of surface activity of TAO, TABC and
TAMI at 25 °C

FE FLALRE 1 /s HLB K A R

TAO 581.0 10.7 4 9%

TABC 341.7 8.2 59

TAMI 271.0 11.5 59
2.3.2 HLB

2 D M 7)1 5 7K Ik P g 7K 5 A 22 ) b i
PRFE— 2 Vi A g 2 B0 oA 0 AmbERg,
HLB {# 1 L sz i Fh o i 2 2 20 iRt (1)
F(2), 43931547593 TAO. TABC. TAMI (¥ HLB
43552 10.7, 8.2, 11.5(F 2), X T TAO HI TAMI,
R 2% 1 6 7] HLB 8550 5 i e iz 56 =070
—ZHAHT o/W BIFLEF], TABC B HLB HA T
7~9 ZI, @EAEHTFEER . —BET, SRk
Ab T AR ity ) 2 T 9 P ) R v 4 P i i R 22 5 R
KAk T rf ] D) 2 Y v T 55 10 R 5 . TABC
4) 25 7K ke 79 iy 5 2 SR SR T B oA TH o BRI G R
B, @ U R 8 R R IS AL, 1A T
TR, Z5ie s HLB 455 —8 . =& W2 F,
TAO il TAMI SE/KH4FF TABC, Bl TABC %k
PP T TAO Fil TAMI, iXJ& K TABC Hr iR &
BRI LA, T T Hog ik,
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KPS AN M HE T Mg™ . Ca* %54
FRAR R G PERI A 2575 . T I S aeR 4, ok
TR EYERFE Ca¥ I P p AR e e R R 2 T
TAO TERE /K EaE TN 4 9%, TABC Al TAMI N 5
e, VBB RAFRPUEIKAE S . — O A
TAO 43T L O MR FXI &S S Ca® KAk
FAEH, MRS G ReE R, MITF3 TAO FEfif
KRR E MR LDy S — Ty TR R A PH s R R T
G5 TABC Fil TAMI ¥ T/KJG , 40+ JR 208 B
T2, BB TERERK ca® 5S4 FrY
2 AR FHDOT T (5 AR R K A TP R RIS
E
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W (3) HEMISERE T, RAIR I
Bl s, thIEl s argn, JEE TR TAO Y4¥RE I N
100 mL/mol, i FHEF #4149 TABC Fil TAMI B34
fie /175 K, ¥4 125 mL/mol, TABC il TAMI Ay
WRE IR T TAO A LA F R - (1) HA Rim i M
RIRH R T CMC A BARMEEMRT, WFE 10T
1, TABC 1 TAMI () CMC 43431, & &/ T
TAO; (2) HEVRE 132 e R R /INRITES - JE AT Y 52
i 2538390 e, 3 TG P R R A B SRR K
BENS R EI RN N VA SRRt TEA i . S 1 =
HE VAT LA AR B HE R AR 8 R4 Z Il 23 1]
M A i i858, TABC BIAFIK T TAO,
VISR i 61 e [ETRTEAL N S N T = W SR N 0
WHETT, TAMI MG, MR Z [ A7 78 B i
TP R THHEZRIPZS 0], A RT3 H 7 bk
15 (3) ZRIB/MAEA LY, YA AR T R
JE AR AR TR R A 2R RO TABC
b TAO £ T Hi/KF A3, TAMI Lt TAO £ T Bk
FEFAIH 3L, TS TABC Hil TAMI 53 B A5 5 45
&, IR RW IR E, Bl TABC Fl TAMI (1)
W RE /I 2R T TAO,
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, 0.012 |

.

0.008 |

7
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0_
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Relationship between absorbance and benzene
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T . — b, 0 R A U B PR M R R A
PR R E T BB 5 g/L 1) TAO. TABC
A TAMI X6 K FF B 0 4 7 (00 8 26 1R A1 100 0 71 4 e
(Bl 6, & 3), 58 R mm TG0 A A=
R (C,G) AT (% 3),

m & 6 FIZE 3 AT%0, TAO X i Rh 4 i it 10 i Pl
0, TAMI X 43 B 0,7 7 BR 1 110 41 Bl A2 8 mm;
TABC (30 16 P de s, X 4 B €0 7 2485 BR B a9 4
W EA R 21 mm, I8 E & TABC 2 151
C12G 2 T T 14 791 0T 4 #8600 74 75 B3R B 410 1 P LA
135 mm (3 3), IR TABC 4 B (0 245 5K H
IR PEREZL L CoG I RZ ; AWMt — Lk
T HIA N-75 552 3 0 2 10 16 1 790 % 22 FQBH P
BRI B R

B &

Kl 6 TAO. TAMI Ml TABC X 4EE ( KAt i il 4 5
IR ERTE ) AR 1
Bacteriostatic activity of the synthesized TAO,
TAMI and TABC against bacteria (Escherichia
coli and Staphylococcus aureus)

Fig. 6

F 3 NIRRT R A0 7 Pl 4

Inhibition zone results of different surfactants

5 B H4%/mm

E. colis

Table 3

BT I 1790 o I B o v 2

S. aureus

TAO (5 g/L) 0 0
TAMI (5 g/L) 0 8
TABC (5 g/L) 9 21
C1nG* (10 g/L) 11 13.5

2RO EOE N E SRS T 3
ARG TERIE R N 5 o/L BFAYIME 2, 45
BN 7 FiR

Y=o TAO TAMI TABC

120+ b 72 KIgFre
XX &R EMERE
100 - 99.99%
86.02%)
< 80 75.00%
1!?&1- 60.22%
i 60
g
40
20 -
0 d
TAO TAMI TABC

17 TAO. TAMI #l TABC X 4B ( KT B A4 o (1
KR ) MMETENE (a) FHEAR (b)
Fig. 7 Bacteriostatic activity (a) and antibacterial rate (b)
of TAO, TAMI and TABC against bacteria
(Escherichia coli and Staphylococcus aureus)
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BRI ) S5 H Y 22 SIS0 fifi A5 2 [ BH v T O Y
B IE FLAT I TABC Al TAMI Wit 2= 1m0, AT
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A RUR B4 F TAMI J& T TABC i N JETHL
TR TAMI BB, 1717 2 ik 70 3 1 i 4 500
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FAN, TEIME B S TAO X 4 B (0 8 A BR B
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b H B BARKWE T, KGR TAO. TAMI
B HLB {84 %12 10.7 F1 11.5, 7 LLHT O/W B,
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TAO. TABC Fil TAMI 4T K e o35l o0 4 9%
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