
ABSTRACT: Novel cationic gemini surfactants, 1,3-bis[(acyl-
oxyalkyl)dimethylammonio]-2-hydroxypropane dichloride,
which possess hydrolyzable oxycarbonyl moieties in the
lipophilic portions, were prepared. These surfactants showed
much better micelle-forming ability, ability to lower surface ten-
sion, foaming ability, and foam stability than corresponding sin-
gle-chain surfactants. Their surface properties were largely in-
fluenced by changing the position of the oxycarbonyl group in
the lipophilic moiety. The critical micelle concentration de-
creased with a decreasing number of methylene units in the
linking moiety between the ammonio and the oxycarbonyl
groups within the comparison of lipophilic chains of the same
length. These cationic gemini surfactants also showed good
biodegradability.
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Dialkylammonium salts have been widely used in indus-
trial and household products. Increasing usage, however,
is causing environmental problems owing to poor
biodegradability. Thus, much attention has been paid to
the development of novel types of environmentally accept-
able cationic surfactants (1). On the other hand, gemini sur-
factants have been studied because of their excellent sur-
face-active properties in comparison to corresponding sin-
gle-chain surfactants (2–11). We recently found that
bisquaternary ammonium salts II-m (see Scheme 1 for
structures) with a linking moiety of the 2-hydroxy-1,3-
propylene group are easily prepared and that they possess
some good properties as gemini surfactants (12–16). As a
candidate for environmentally acceptable cationic surfac-
tants, we prepared a new type of hydrolyzable cationic
gemini surfactant, bis(amido-ammonium) salts II-m-n-

(amide), by introducing an amido group in the lipophilic
part of II-m, as reported in a previous paper (17). Contrary
to our expectation, these surfactants showed poor
biodegradability, though they had good surface-active
properties as gemini surfactants. Here, we report another
new type of cationic gemini surfactant, bis(ester-ammo-
nium) salts II-m-n containing oxycarbonyl groups in the
lipophile, which may be much easily hydrolyzed.

EXPERIMENTAL PROCEDURE

General method. Melting points were measured on a Yana-
gimoto (Kyoto, Japan) micromelting point apparatus and
were not corrected. 1H nuclear magnetic resonance (NMR)
spectra were recorded on a JEOL GSX-400 (Tokyo, Japan)
spectrometer and the chemical shifts were referenced to
CHCl3 (δ 7.27) in CDCl3. Infrared (IR) spectra were ob-
tained on a Hitachi (Tokyo, Japan) 260-10 IR spectropho-
tometer. Mass spectra were obtained on a JEOL JMS-
DX303, and elemental analysis was carried out on a Yana-
gimoto CHN-Corder.

All chemicals used in synthetic procedures were of
reagent grade. Merck, Japan (Tokyo, Japan) 70–230 mesh
silica gel was used for column chromatography.

Measurement of surface-active properties. Krafft point was
measured by the naked eye for each 1 wt% aqueous solu-
tion of the compound. Surface tension of an aqueous solu-
tion of quaternary ammonium salt was measured on a Shi-
madzu Surface Tensometer ST-1 (glass plate; Shimadzu
Corp., Kyoto, Japan) at 20°C. Those values that remained
constant for a period of 30 min were taken as the surface
tension. Critical micelle concentration (CMC) and surface
tension at the CMC (γCMC) were determined as the values
at the break point of surface tension vs. concentration plots
(semilogarithmic scale). Foaming properties were mea-
sured by the semimicro TK method (18) with a 0.1 wt%
aqueous solution at 20°C.

Measurement of biodegradability. Biodegradability was
evaluated by the oxygen consumption method. The exper-
iment was carried out based on the modified MITI test (19).
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Thus, the sample (30 mg) was added to a dispersion of ac-
tivated sludge (1 g) in a basic culture solution. The basic
culture solution was prepared according to Japan Indus-
trial Standard (JIS) K0102. Activated sludge was obtained
from a municipal sewage-treatment plant in Osaka City.
The change in biochemical oxygen demand (BOD, mg) of
the system was monitored with time at 25°C for 14 d.
Biodegradability was estimated using the following equa-
tion:

biodegradability (%) = [(BOD − blank)/TOD] × 100% [1]

where TOD refers to the theoretical oxygen demand (cal-
culated value, mg).

(2-Decanoyloxyethyl)dimethylamine (EA-10-2). A mixture
of decanoic acid (12.1 g, 70 mmol), (2-hydroxyethyl)di-
methylamine (12.5 g, 140 mmol), a catalytic amount of p-
toluenesulfonic acid, and xylene was heated to reflux. The
reaction was monitored by measuring the amount of water
formed using a Dean-Stark trap and continued for 10 h
until the acid had been consumed. After excess (2-hydroxy-
ethyl)dimethylamine and the solvent were evaporated
under reduced pressure, compound EA-10-2 was isolated
as a colorless liquid (14.1 g, 83%) by fractional distillation.
Boiling point (bp), 118°C/0.30 Torr. 1H NMR (CDCl3, 400
MHz) δ 0.88 (t, 3H, J = 6.6 Hz, CH3CH2), 1.28 [m, 12H,
CH3(CH2)6], 1.62 (m, 2H, CH2CH2C=O), 2.31 [s, 6H,
N(CH3)2], 2.33 (t, 2H, J = 7.7 Hz, CH2C=O), 2.61 [t, 2H, J =
5.9 Hz, CH2N(CH3)2], and 4.19 (t, 2H, J = 5.9 Hz, OCH2). IR
(cm−1): 1739 (C=O). Mass spectrum (MS)[CI(isobutane)]
m/z 244 [(M + 1)+, 100].

(2-Dodecanoyloxyethyl)dimethylamine (EA-12-2). Yield =
86%; bp 125°C/0.15 Torr. 1H NMR (CDCl3, 400 MHz) δ 0.88
(t, 3H, J = 6.6 Hz, CH3CH2), 1.27 [m, 16H, CH3(CH2)8], 1.63
(m, 2H, CH2CH2C=O), 2.31 [s, 6H, N(CH3)2], 2.33 (t, 2H, J =

7.7 Hz, CH2C=O), 2.60 [t, 2H, J = 5.9 Hz, CH2N(CH3)2], and
4.19 (t, 2H, J = 5.9 Hz, OCH2). IR (cm−1): 1739 (C=O).
MS[CI(isobutane)] m/z 272 [(M + 1)+, 100].

(2-Tetradecanoyloxyethyl)dimethylamine (EA-14-2). Yield =
91%; bp 132°C/0.15 Torr. 1H NMR (CDCl3, 400 MHz) δ 0.89
(t, 3H, J = 6.6 Hz, CH3CH2), 1.29 [m, 20H, CH3(CH2)10], 1.61
(m, 2H, CH2CH2C=O), 2.31 [s, 6H, N(CH3)2], 2.33 (t, 2H, J =
7.7 Hz, CH2C=O), 2.61 [t, 2H, J = 5.9 Hz, CH2N(CH3)2], and
4.19 (t, 2H, J = 5.9 Hz, OCH2). IR (cm−1): 1739 (C=O). MS
[CI(isobutane)] m/z 300 [(M + 1)+, 100].

(2-Hexadecanoyloxyethyl)dimethylamine (EA-16-2). Yield
= 86%; bp 136°C/0.10 Torr. 1H NMR (CDCl3, 400 MHz) δ
0.88 (t, 3H, J = 6.6 Hz, CH3CH2), 1.29 [m, 24H, CH3(CH2)12],
1.63 (m, 2H, CH2CH2C=O), 2.30 [s, 6H, N(CH3)2], 2.32 (t,
2H, J = 7.6 Hz, CH2C=O), 2.59 [t, 2H, J = 5.9 Hz,
CH2N(CH3)2], and 4.19 (t, 2H, J = 5.9 Hz, OCH2). IR (cm−1):
1739 (C=O). MS [CI(isobutane)] m/z 328 [(M + 1)+, 100]. 

(4-Decanoyloxybutyl)dimethylamine (EA-10-4). Yield =
82%, bp 51°C/0.06 Torr. 1H NMR (CDCl3, 400 MHz) δ 0.89
(t, 3H, J = 6.6 Hz, CH3CH2), 1.29 [m, 12H, CH3(CH2)6], 1.62
(m, 6H, CH2CH2C=O, OCH2CH2, CH2CH2N), 2.27 [s, 6H,
N(CH3)2], 2.30 [m, 4H, CH2C=O, CH2N(CH3)2], and 4.09 (t,
2H, J = 6.0 Hz, OCH2). IR (cm−1): 1729 (C=O). MS
[CI(isobutane)] m/z 272 [(M + 1)+, 100].

(6-Octanoyloxyhexyl)dimethylamine (EA-8-6). Yield =
81%; bp 72°C/0.06 Torr. 1H NMR (CDCl3, 400 MHz) δ 0.88
(t, 3H, J = 6.6 Hz, CH3CH2), 1.32 [m, 12H, CH3(CH2)4,
OCH2CH2CH2, CH2CH2CH2N], 1.61 (m, 6H, CH2CH2C=O,
OCH2CH2, CH2CH2N), 2.25 [s, 6H, N(CH3)2], 2.29 [m, 4H,
CH2C=O, CH2N(CH3)2], and 4.09 (t, 2H, J = 6.0 Hz, OCH2).
IR (cm−1): 1728 (C=O). MS [CI(isobutane)] m/z 272 [(M +
1)+, 100].

1,3-Bis[(2-decanoyloxyethyl)dimethylammonio]-2-hydroxy-
propane dichloride (II-10-2). A mixture of epichlorohydrin
(0.19 g, 2.0 mmol), (2-decanoyloxyethyl)dimethylamine
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EA-10-2 (1.46 g, 6.0 mmol), and the hydrochloride of EA-
10-2 (0.56 g, 2.0 mmol) in 2-propanol (6 mL) was heated to
reflux for 72 h. After the solvent was removed under re-
duced pressure, the waxy product was washed with
hexane and purified by silica gel column chromatography
with a chloroform/methanol mixture (9:1, vol/vol) to give
II-10-2 as a white solid (0.48 g, 39%); mp 126-130°C. 1H
NMR (CDCl3, 400 MHz) δ 0.89 (t, 6H, J = 6.6 Hz, CH3CH2),
1.28 [m, 24H, CH3(CH2)6], 1.60 (m, 4H, CH2CH2C=O), 2.36
(t, 4H, J = 7.7 Hz, CH2C=O), 3.49 (s, 6H, N+CH3), 3.53 (s,
6H, N+CH3), 3.80 [m, 2H, CH(OH)CHN+], 4.05 (m, 4H,
CH2CH2N+), 4.19 [m, 2H, CH(OH)CHN+], 4.63 (m, 4H,
OCH2), 5.19 (m, 1H, CHOH), and 7.13 (br, 1H, OH). IR (cm−1):
1739 (C=O). MS (FAB) m/z 579 [(M − Cl)+, 7]. Anal. calcd.
for C31H64O5N2Cl2·0.5H2O: C, 59.60; H, 10.49; N, 4.48; Cl,
11.35. Found: C, 59.31; H, 10.23; N, 4.58; Cl, 11.01.

1,3-Bis[(2-dodecanoyloxyethyl)dimethylammonio]-2-hydroxy-
propane dichloride (II-12-2). Yield = 53%; mp 158–162°C. 1H
NMR (CDCl3, 400 MHz) δ 0.89 (t, 6H, J = 6.6 Hz, CH3CH2),
1.28 [m, 32H, CH3(CH2)8], 1.60 (m, 4H, CH2CH2C=O), 2.36
(t, 4H, J = 7.7 Hz, CH2C=O), 3.49 (s, 6H, N+CH3), 3.53 (s,
6H, N+CH3), 3.80 [m, 2H, CH(OH)CHN+], 4.05 (m, 4H,
CH2CH2N+), 4.16 [m, 2H, CH(OH)CHN+], 4.63 (m, 4H,
OCH2), 5.20 (m, 1H, CHOH), and 7.04 (br, 1H, OH). IR (cm−1):
1739 (C=O). MS (FAB) m/z 635 [(M − Cl)+, 6]. Anal. calcd.
for C35H72O5N2Cl2·2.3H2O: C, 58.93; H, 10.82; N, 3.93; Cl,
9.94. Found C, 58.64; H, 10.44; N, 3.75; Cl, 10.32.

1,3-Bis[(2-tetradecanoyloxyethyl)dimethylammonio]-2-hy-
droxypropane dichloride (II-14-2). Yield = 62%; mp 164–
166°C. 1H NMR (CDCl3, 400 MHz) δ 0.88 (t, 6H, J = 6.6 Hz,
CH3CH2), 1.27 [m, 40H, CH3(CH2)10], 1.60 (m, 4H,
CH2CH2C=O), 2.36 (t, 4H, J = 7.7 Hz, CH2C=O), 3.47 (s, 6H,
N+CH3), 3.52 (s, 6H, N+CH3), 3.79 [m, 2H, CH(OH)CHN+],
4.05 (m, 4H, CH2CH2N+), 4.21 [m, 2H, CH(OH)CHN+], 4.62
(m, 4H, OCH2), 5.19 (m, 1H, CHOH), and 7.16 (br, 1H, OH).
IR (cm−1): 1739 (C=O). MS (FAB) m/z 691 [(M − Cl)+, 4].
Anal. calcd. for C39H80O5N2Cl2·0.6H2O: C, 63.40; H, 11.08;
N, 3.79; Cl, 9.60. Found: C, 63.06; H, 10.69; N, 3.95; Cl, 9.56.

1,3-Bis[(2-hexadecanoyloxyethyl)dimethylammonio]-2-hy-
droxypropane dichloride (II-16-2). Yield = 45%; mp 176–
179°C. 1H NMR (CDCl3, 400 MHz) δ 0.88 (t, 6H, J = 6.6 Hz,
CH3CH2), 1.28 [m, 48H, CH3(CH2)12], 1.60 (m, 4H,
CH2CH2C=O), 2.36 (t, 4H, J = 7.7 Hz, CH2C=O), 3.46 (s, 6H,
N+CH3), 3.53 (s, 6H, N+CH3), 3.79 [m, 2H, CH(OH)CHN+],
4.03 (m, 4H, CH2CH2N+), 4.22 [m, 2H, CH(OH)CHN+], 4.63
(m, 4H, OCH2), 5.22 (m, 1H, CHOH), and 7.42 (br, 1H, OH).
IR (cm−1): 1739 (C=O). MS (FAB) m/z 747 [(M − Cl)+, 3].
Anal. calcd. for C43H88O5N2Cl2·1.7H2O: C, 63.39; H, 11.31;
N, 3.44; Cl, 8.70. Found C, 63.25; H, 10.99; N, 3.61; Cl, 9.07.

1,3-Bis[(4-decanoyloxybutyl)dimethylammonio]-2-hydrox-
ypropane dichloride (II-10-4). Yield = 67%; mp 165–167°C. 1H
NMR (CDCl3, 400 MHz) δ 0.89 (t, 6H, J = 6.6 Hz, CH3CH2),
1.28 [m, 24H, CH3(CH2)6], 1.60 (m, 4H, CH2CH2C=O), 1.91
(m, 8H, OCH2CH2, CH2CH2N+), 2.34 (t, 4H, J = 7.5 Hz,
CH2C=O), 3.39 (s, 6H, N+CH3), 3.46 (s, 6H, N+CH3), 3.63 (m,
4H, CH2CH2N+), 3.70 [m, 2H, CH(OH)CHN+], 4.17 (t, 4H, J

= 6.0 Hz, OCH2), 4.44 [m, 2H, CH(OH)CHN+], 5.21 (m, 1H,
CHOH), and 7.36 (br, 1H, OH). IR (cm−1): 1729 (C=O). MS
(FAB) m/z 635 [(M − Cl)+, 5]. Anal. calcd. for
C35H72O5N2Cl2·1.5H2O: C, 60.15; H, 10.82; N, 4.01; Cl,
10.15. Found C, 59.78; H, 10.55; N, 4.22; Cl, 10.34.

1,3-Bis[(6-octanoyloxyhexyl)dimethylammonio]-2-hydroxy-
propane dichloride (II-8-6). Yield = 78%; mp 172–175°C. 1H
NMR (CDCl3, 400 MHz) δ 0.89 (t, 6H, J = 6.6 Hz, CH3CH2),
1.28 [m, 16H, CH3(CH2)4], 1.44 (m, 8H, OCH2CH2CH2,
CH2CH2CH2N+), 1.63 (m, 8H, CH2CH2C=O, CH2CH2N+),
1.82 (m, 4H, OCH2CH2), 2.30 (t, 4H, J = 7.6 Hz, CH2C=O),
3.29 (s, 6H, N+CH3), 3.34 (s, 6H, N+CH3), 3.57 (m, 4H,
CH2CH2N+), 3.64 [m, 2H, CH(OH)CHN+], 4.06 (t, 4H, J =
6.0 Hz, OCH2), 4.26 [m, 2H, CH(OH)CHN+], 5.17 (m, 1H,
CHOH), and 7.22 (br, 1H, OH). IR (cm−1): 1728 (C=O). MS
(FAB) m/z 635 [(M − Cl)+, 2]. Anal. Calcd. for
C35H72O5N2Cl2·3H2O: C, 57.91; H, 10.83; N, 3.86; Cl, 9.77.
Found C, 57.72; H, 10.58; N, 3.64; Cl, 10.06.

Synthesis of (2-dodecanoyloxyethyl)trimethylammonium
chloride (I-12-2). An excess amount of chloromethane was
condensed into a solution of (2-dodecanoyloxyethyl)di-
methylamine EA-12-2 (1.36 g, 5.0 mmol) in 2-propanol (20
mL) in a sealed glass tube. The mixture was stirred at 50°C
for 24 h. After the solvent and unreacted chloromethane
were evaporated under reduced pressure, the residue was
purified by recrystallization from 20 mL of an acetone/2-
propanol mixture (19:1, vol/vol) to afford I-12-2 as a white
solid (1.29 g, 80%); mp 63–65°C. 1H NMR (CDCl3, 400
MHz) δ 0.88 (t, 3H, J = 6.6 Hz, CH3CH2), 1.26 [m, 16H,
CH3(CH2)8], 1.61 (m, 2H, CH2CH2C=O), 2.36 (t, 2H, J = 7.7
Hz, CH2C=O), 3.55 [s, 9H, N+(CH3)3], 4.14 (m, 4H,
CH2CH2N+), and 4.56 (t, 2H, J = 5.6 Hz, OCH2). IR (cm−1):
1743 (C=O). MS (FAB) m/z 286 [(M − Cl)+, 100]. Anal. calcd.
for C17H36ClNO2·0.5H2O: C, 61.70; H, 11.27; N, 4.23; Cl,
10.71. Found C, 61.50; H, 11.11; N, 4.05; Cl, 10.97.

RESULTS AND DISCUSSION

Preparation of bis(ester-ammonium) salts (II-m-n). The start-
ing amine EA-m-n, (n-acyloxyalkyl)dimethylamine, was
prepared by heating a mixture of a fatty acid and two
molar amounts of (n-hydroxyalkyl)dimethylamine in the
presence of a catalytic amount of p-toluenesulfonic acid in
xylene. The reaction was monitored by measuring the
amount of water produced and thus continued for 10 h. All
products were purified by vacuum distillation and used
for the next step. Bis(ester-ammonium) salt II-m-n was ob-
tained from the reaction of EA-m-n and the hydrochloride
of EA-m-n with epichlorohydrin in 2-propanol at reflux
temperature for 72 h (Scheme 2). In this case, an excess of
the amine was found to be necessary for completing the re-
action within a reasonable time by using different stoi-
chiometries of the starting amine and hydrochloride. Thus,
the stoichiometry was established to be 2:1. When ethanol
was used as the solvent, formation of the ethyl ester of the
corresponding fatty acid caused by the transesterication of
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EA-m-n was observed. Compounds II-m-n were purified
by silica gel column chromatography and all structures
were ascertained by 1H NMR and IR spectroscopy, mass
spectrometry, and elemental analysis. To estimate the per-
formance of the novel gemini cationic surfactants, the cor-
responding mono(ester-ammonium) salt, (2-dodecanoy-
loxyethyl)dimethylammonium chloride I-12-2, also was

prepared as a reference surfactant by quaternization of EA-
12-2 with chloromethane.

Surface-active properties. Values of Krafft point (TKp),
CMC, γCMC, and foaming properties of bis(ester-ammo-
nium) salts II-m-n are shown in Table 1, along with data for
some reference compounds. Krafft points for these surfac-
tants, except II-16-2, were below 0°C, which indicates good
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TABLE 1
Surface-Active Properties of Ammonium Salts (at 20°C)a

TKp CMC γCMC Foam (mL)b

Compound (°C) (mM) (mN/m) 0 min 10 min

II-10-2 <0 1.09 30 260 220
II-12-2 <0 0.082 32 270 260
II-14-2 <0 0.021 30 140 80
II-16-2 28 —c —c —c —c

II-10-4 <0 0.17 34 50 0
II-8-6 <0 0.79 34 50 0
I-12-2 <0 0.69 30 20 0
II-12-2(amide)d <0 0.19 33 260 240
I-12-2(amide)d <0 6.1 35 20 0
II-12e <0 0.14 39 270 270
I-12f <0 4.5 —c 20 0
aTKp, Krafft point; CMC, critical micelle concentration; γCMC, surface tension at CMC. II-10-2, 1,3-bis[(2-decanoy-
loxyethyl)dimethylammonio]-2-hydroxypropane dichloride; II-12-2, 1,3-bis[(2-dodecanoyloxyethyl)dimethylammonio]-2-
hydroxypropane dichloride; II-14-2, 1,3-bis[(2-tetradecanoyloxyethyl)dimethylammonio]-2-hydroxypropane dichloride; II-
16-2, 1,3-bis[(2-hexadecanoyloxyethyl)dimethylammonio]-2-hydroxypropane dichloride; II-10-4, 1,3-bis[(4-decanoyloxy-
butyl)dimethylammonio]-2-hydroxypropane dichloride; II-8-6, 1,3-bis[(6-octanoyloxyhexyl)dimethylammonio]-2-
hydroxypropane dichloride; I-12-2, (2-dodecanoyloxyethyl)trimethylammonium chloride; II-12-2 (amide), 1,3-bis[(2-do-
decanoylaminoethyl)dimethylammonio]-2-hydroxypropane dichloride; I-12-2 (amide), (2-dodecanoylaminoethyl)trimethyl-
ammonium chloride; II-12, 1,3-bis(dodecyldimethylammonio)-2-hydroxypropane dichloride; I-12, dodecyltrimethylam-
monium chloride.
b0.1 wt% aqueous solution.
cNot evaluated.
dSee Reference 17.
eSee Reference 15.
fSee Reference 20.



solubility of this type of surfactant in water, enabling them
to be used in cold water. The CMC of bis(ester-ammonium)
salt II-12-2 was lower than that of the corresponding
mono(ester-ammonium) salt I-12-2. This is in accordance
with the general tendency observed in a variety of gemini
surfactants (2–4), in addition to the cases for II-m and I-m
and for II-m-n(amide) and I-m-n(amide), as cited in Table
1, although the extent of the difference in the CMC varied
depending on the type surfactant. The ability of bis(ester-
ammonium) salt II-12-2 to lower surface tension (γCMC) was
found to be better than that of the bis(amido-ammonium)
salt II-m-n(amide) and the bis(alkylammonium) salt II-m.
The value of γCMC of mono(ester-ammonium) salt I-m-n is
30 mN/m, which is much lower than that of I-m-n(amide)
(35 mN/m). Accordingly, the ability to lower the surface
tension of II-m-n may be ascribed to the introduction of the
oxycarbonyl group to the lipophile. A remarkable difference
was observed in comparison of the foaming ability and
foam stability between bisquaternary ammonium salts [II-
m, II-m-n(amide) and II-m-n] and single-chain ammonium
salts [I-m, I-m-n(amide), and I-m-n]. Cationic gemini surfac-
tants showed much better foaming ability and foam stabil-
ity than the conventional ones, and surpass those of anionic
surfactants, which generally show good foaming properties.
High foaming ability and foam stability are characteristics
of bisquaternary ammonium salts.

Effect of the position of the oxycarbonyl group in the lipophile.
It was clarified that the oxycarbonyl group position in the
lipophile of the bis(ester-ammonium) salts II-m-n has an ef-
fect on surface active properties by comparing three isomers
(II-12-2, II-10-4, and II-8-6). Plots of molar concentration of
homologs vs. surface tension at 20°C are shown in Figure 1.

The CMC value increased as a function of the number

of methylene groups (n) between the oxycarbonyl group
and the ammonio group when these surfactants possessed
the same number of carbon atoms in the lipophile, indicat-
ing that II-12-2 has the best micelle-forming ability among
the three isomers. In addition, II-12-2 showed much better
ability to lower surface tension, better foaming ability, and
foam stability than II-10-4 and II-8-6.

Biodegradability. Biodegradability data for bis(ester-am-
monium) salt II-10-2, II-12-2, II-14-2, II-10-4, II-8-6,
mono(ester-ammonium) salt I-12-2, and bis(amido-ammo-
nium) salt II-12-2(amide) are shown in Figure 2. Contrary
to our initial expectation, bis(amido-ammonium) salt II-12-
2(amide) did not undergo any biodegradation under these
conditions. On the other hand, both mono(ester-ammo-
nium) salt I-12-2 and bis(ester-ammonium) salt II-12-2
showed good biodegradability. For example, the value of
biodegradability of II-12-2 after 14 d was 59%, which was
comparable to that of sodium dodecanoate reported as
62% (21). Biodegradability values for II-10-2 and II-14-2
were about the same as that of II-12-2. Biodegradability
gradually decreased with an increase in the number of
methylene groups between the oxycarbonyl group and the
ammonio group when these surfactants possess the same
number of carbon atoms in the lipophilic part.

In conclusion, bisquaternary ammonium salts II-m-n
possessing oxycarbonyl groups in the lipophile are promis-
ing, environmentally acceptable cationic surfactants in
view of their high performance and good biodegradability. 
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FIG. 1. Plots of surface tension vs. logarithm of concentration of (■■) 1,3-
bis[(2-dodecanoyloxyethyl)dimethylammonio]-2-hydroxypropane
dichloride (II-12-2), (◆) 1,3-bis[(4-decanoyloxybutyl)dimethylammo-
nio]-2-hydroxypropane dichloride (II-10-4), (▲▲) 1,3-bis[(6-octanoyloxy-
hexyl)dimethylammonio]-2-hydroxypropane dichloride (II-8-6). FIG. 2. Biodegradability vs. time for (▲▲) 1,3-bis[(2-decanoyloxyethyl)di-

methylammonio]-2-hydroxypropane dichloride (II-10-2), (■■) II-12-2,
(●) II-14-2, 1,3-bis[(2-tetradecanoyloxyethyl)dimethylammonio]-2-hy-
droxypropane dichloride, (▲) II-10-4, (▼▼) II-8-6, (●●) 1,3-bis[(2-dodec-
anoylaminoethyl)dimethylammonio]-2-hydroxypropane dichloride, II-
12-2(amide), and (◆) (2-dodecanoyloxyethyl)trimethylammonium
chloride (I-12-2). See Scheme 1 for other compounds.
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