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Abstract 2-Hydroxy-4-(methylthio)butanoic acid (HMTBA)
is a commonly used animal feed additive available in large
quantities. In this study, anionic surfactants were synthesized
utilizing HMTBA as a starting material. Specifically, a straight-
chain fatty acid containing 12 or 16 carbon atoms was attached
to the hydroxyl group via esterification. After neutralization of
the carboxylic acid with sodium, the molecules behave as
anionic surfactants. Oxidation of the sulfur atom can be per-
formed to further increase water solubility. The molecules
exhibit critical micelle concentrations (CMCs), and lower the
surface tension to 3545 mN/m at the CMC. The derivatives
have low Krafft points (<4 °C) and good wetting performance.
The hardness tolerance of the ester made from dodecanoic acid
is ~2.5-4 orders of magnitude higher than an analogous car-
boxylate surfactant, namely sodium dodecanoate. Foam created
according to the Ross-Miles foam test is substantial, but dissi-
pates quickly as compared to other anionic surfactants.
Keywords Surfactant - Anionic - Sulfoxide - Ester -
Carboxylate
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Abbreviations
HMTBA 2-Hydroxy-4-(methylthio)butanoic acid

AES Alkyl ether sulfate

SDS Sodium dodecyl sulfate

SDBS Sodium dodecylbenzene sulfonate
Symbols

CMC Critical micelle concentration

yemce  Surface tension at the CMC

I'n Maximum surface excess concentration/maximum
adsorption density

C20 Surfactant concentration that lowers the surface
tension by 20 mN/m

Amin Minimum area per molecule at the interface

Introduction

Anionic surfactants are essential in various applications,
especially detergency [1, 2]. Anionic surfactants with car-
boxylic acid moieties have been used for thousands of
years; soap was first made from the hydrolysis of naturally-
occurring oils/fats. Fatty-acid surfactants have an excellent
combination of properties including low CMC, low surface
tension at the CMC, good foaming characteristics and
mildness when applied to the skin. However, the 20th
century saw the use of these surfactants relative to other
anionic surfactants decrease significantly. The most sig-
nificant disadvantage of these surfactants as opposed to
other anionic surfactants is their propensity to precipitate
when divalent cations, e.g., calcium and magnesium, are
present; in other words fatty-acid surfactants have inferior
hardness tolerance. Numerous efforts have been made to
understand how to formulate hardness tolerant detergents:
for example hardness tolerant anionic surfactants [3-15],
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mixed surfactant systems [16—19], builders which capture
hardness ions [2, 20, 21], and microemulsion based for-
mulations insensitive to water hardness [2, 22].

One well-utilized strategy to make hardness tolerant
anionic surfactants is to add branches to the hydrophobic
chain [3, 13]. However, early attempts to produce hardness
tolerant soaps such as highly-branched alkylbenzene sul-
fonates made from polypropylene failed because of poor
biodegradability [23, 24]. Less recalcitrant branching in the
surfactants was then investigated, for example, a lower
degree of branching in the hydrophobic group. Laurent
et al. [7-9] developed high-solubility surfactants with mid-
chain branched hydrophobic groups with low number of
methyl groups. Another strategy to make hardness tolerant
anionic surfactants is to use a hardness tolerant hydrophilic
group, or multiple hydrophilic groups. Stirton et al. [12]
investigated the high calcium stability of the sodium salts
of alpha-sulfonated fatty acid methyl esters. El-Sukkary
et al. [4] synthesized and tested N-acylethylenediamine
triacetic surfactants with ability to chelate multivalent ions.
Hong et al. [6] studied the low precipitation tendency of
trisodium salt of 2-(2-carboxyethyl)-3-decyl maleic anhy-
dride in the presence of various multivalent ions. 2-hy-
droxy-4-(methylthio)butanoic acid (HMTBA) has the
potential to combine both the aforementioned structural
strategies in one molecule, because this molecule contains
both hydroxyl and carboxylic acid functionalities where
there is a sulfur-containing branch between the two (see far
left structure of Schemel). This particular compound is a
hydroxyl analog of methionine which converts to L-me-
thionine in the animal and thus it is produced commercially
in large quantities to be used as supplement in animal feed
[25]. By esterifying the alcohol and deprotonating the acid
group, a branched sodium carboxylate surfactant was
generated. The hydrophobic chain is a straight chain, and
hence has the highest possible aerobic biodegradability.
Furthermore, the ester linkage is labile via chemical or
enzymatic hydrolysis.

In the current study, three anionic surfactants were
synthesized from HMTBA. Their purity was characterized
with high performance liquid chromatography (HPLC),
and structure with "H NMR. Their surfactant properties,
such as water solubility, CMC, surface tension at CMC
(yeme), Krafft temperature, calcium tolerance, foaming

ability and wetting performance were investigated and
compared with anionic surfactants having similar struc-
tures. The effect of the branching and the oxidation state of
the sulfide on the performance of the molecules as sur-
factants is explored by comparing the results to alkylcar-
boxylate salts.

Experimental
Materials

HMTBA was manufactured by Novus International.
Lauroyl chloride (>98 %), palmitoyl chloride (98 %),
hydrogen peroxide (30 %), hydrochloride acid (37 %),
sodium chloride (ACS reagent grade, >99 %), meta-
chloroperoxybenzoic acid (m-CPBA, 77 %), 4-dimethy-
laminopyridine (DMAP, 99 %), triethylamine (Et;N,
>99 %), hexanes (HPLC grade), dichloromethane (DCM,
HPLC grade), weak acid ion-exchange resin Dowex
MAC-3, sodium hydroxide (>97 %), sodium bisulfite
(ACS reagent grade), ethanol (>99 %) and methanol
(>99 %) were purchased from Sigma-Aldrich. Ethyl
acetate (EA, 99.6 %), acetonitrile (HPLC grade, >99 %)
and Heptane (HPLC grade) were purchased from J.
T. Baker. Glacial acetic acid (AcOH, Certified ACS
grade), sulfuric acid (Certified ACS Plus grade) and
magnesium sulfate (anhydrous, 97 %) were purchased
from Fisher Scientific. SiliaPrep SPE carbonate cartridges
were purchased from Silicycle. All materials were used
without further purification.

Synthesis of 4-(Methylsulfinyl)-2-
(Palmitoyloxy)Butanoic Acid (C;cESOCOOH)

Step 1: Synthesis of 4-(Methylthio)-2-
(Palmitoyloxy)Butanoic Acid (C;sESCOOH)

To 2-hydroxy-4-(methylthio)butanoic acid (10.08 g,
67.1 mmol) in DCM (200 ml) at 0 °C was added DMAP
(cat.), EtzN (18.7 ml, 134 mmol) followed by palmitoyl
chloride (10.2 ml, 33.6 mmol) dropwise over ~ 1 h. The
reaction was allowed to warm to room temperature with
stirring overnight. The solution was concentrated to a small

OH
N WOH CHa(CHahCOC1 07 N(CHy)noCH; _ H202 O ™ (CHy)nCHs
S I DMAP/ DCM ~g OH CHOH g OH
0 0 0

Scheme 1 Schematic for the synthetic preparation of C,ESCOOH (n = 12 or 16) and C;(ESOCOOH
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volume and re-dissolved in heptane (300 ml). The organic
layer was washed with 1 N HCI (3 x 100 ml), water
(2 x 100 ml) and brine (1 x 100 ml), then dried over
magnesium sulfate, filtered and evaporated to give 14.4 g
of a white solid. A portion (7 g) of this solid was purified
by silica gel chromatography with 0-25 % EA/Heptane
and 1 % AcOH additive to give a white solid (5.8 g, 45 %).

Step 2: Synthesis of 4-(Methylsulfinyl)-2-
(Palmitoyloxy)Butanoic Acid (C;sESOCOOH)

To a solution of 4-(methylthio)-2-(palmitoyloxy)butanoic
acid (5.8 g, 14.9 mmol) in methanol (30 ml) at 0 °C was
added hydrogen peroxide (30 %, 4.57 ml, 44.8 mmol). The
reaction was warmed to room temperature and stirred for
~5.5 h. The reaction was diluted with 200 ml of DCM and
washed with water (1 x 100 ml). An emulsion formed
which was allowed to separate overnight. The organic layer
was washed with 10 % sodium bisulfite (1 x 100 ml),
dried over magnesium sulfate, filtered and evaporated to
give a white solid. The solid was purified by silica gel
chromatography with 2-10 % MeOH/DCM containing
1 % AcOH additive to give a white solid (4.38 g, 73 %).
'"H NMR (500 MHz, DMSO-d¢) & ppm 0.85 (t,
J = 6.83 Hz, 3 H) 1.09-1.35 (m, 24 H) 1.44-1.61 (m, 2 H)
2.01-2.25 (m, 2 H) 2.29-2.40 (m, 2 H) 2.54 (s, 3 H)
2.62-2.94 (m, 2 H) 4.96 (dd, J = 8.27, 445 Hz, 1 H)
13.06-13.36 (m, 1 H).

Synthesis of 4-(Methylsulfinyl)-2-
(Dodecanoyloxy)Butanoic Acid (C;,ESOCOOH)

Step 1: Synthesis of 4-(Methylthio)-2-
(Dodecanoyloxy)Butanoic Acid (C;,ESCOOH)

Prepared in a similar manner as C;cESCOOH to give a
white solid (1.22 g, 11 %). '"H NMR (500 MHz, DMSO-
dg) O ppm 1.83 (t, J = 6.83 Hz, 3 H) 2.13-2.30 (m, 16 H)
2.49 (d,J = 6.99 Hz, 2 H) 2.90-3.00 (m, 2 H) 3.02 (s, 3 H)
332 (d, J =5.72Hz, 2 H) 3.51 (d, J =795 Hz, 2 H)
5.87-5.95 (m, 1 H).

Step 2: Synthesis of 4-(Methylsulfinyl)-2-
(Dodecanoyloxy)Butanoic Acid (C;,ESOCOOH)

This material was prepared via an alternate synthesis (see
supplemental materials) with the desired product produced
as a white solid (2.78 g), although it is assumed that this
material could also be synthesized in a similar manner as
C16ESOCOOH. 'H NMR (500 MHz, DMSO-d) § ppm
0.86 (t, J/ = 6.68 Hz, 3 H) 1.25 (s, 17 H) 1.48-1.61 (m, 2
H) 2.02-2.25 (m, 2 H) 2.30-2.42 (m, 2 H) 2.56 (s, 3 H)
2.62-2.93 (m, 2 H) 497 (dd, J = 8.11, 4.29 Hz, 1 H).

Preparation of the Sodium Carboxylate Salts

Dowex MAC-3 resin (proton form) was swollen and neu-
tralized with excess NaOH/water solution, and then
assembled into a column. After the resin was balanced with
2 column volumes of 30 vol% water in ethanol, 1 column
volume of a 0.1 g/ml acid in 30 vol% water in ethanol
solution was loaded and incubated in the column for
10 min. Subsequently, the resin was rinsed with 2 column
volumes of 30 vol% water in ethanol, and the eluent was
collected. The solvent was then evaporated under a vacuum
with mild heat (40 °C) to provide the sodium carboxylate
salts.

Characterization

"H-nuclear magnetic resonance (lH—NMR) spectra were
recorded on a Bruker 500 MHz NMR instrument with
DMSO-dg as solvent.

HPLC was performed in an Agilent 1260 system
equipped with a diode array detector monitoring 210 nm
using acetonitrile/2.5 mmol H,SO, solvent and Dionex
Acclaim® Organic Acid (OA 5 pm, 120 A, 4 x 150 mm)
column.

Surfactant Characterization
Solubility

Solubility of the surfactants in water was assessed visually
at room temperature. The mixture at each concentration
was examined after at least 10 min of mild shaking and
ultrasonic bath agitation to see if the surfactant had com-
pletely dissolved. Solutions were observed for 2 h after
mixing to ascertain the presence of supersaturation.

Surface Tension

Surface tension was determined with a Wilhelmy Plate
tensiometer (Cahn DCA-322) at room temperature. Glass
slides manufactured by Corning with a width of 22 mm
and thickness of 0.1 mm were used as probes. The motor
speed was set to be 100 pm/s. The CMC was determined
from the break point of y vs log C diagram with a custom
Microsoft Visual Basic program.

Krafft Temperature

The Krafft temperature of the surfactant with the concen-
tration at the room temperature CMC was determined by
cooling the solution to 4 °C and then raising the tempera-
ture by 1 °C steps and visually inspecting its phase
behavior after the solution reached thermal equilibrium
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[26]. For hardness tolerance, a known amount of calcium
chloride was added to the solution prior to cooling to 4 °C.
The solution was then heated to 25 °C and the solubility
was assessed visually.

Foaming

The Ross-Miles foam test was performed according to the
test protocol described in ASTM DI1173-07 [27]. First,
50 ml of surfactant solution was carefully poured into the
1-m glass column, without creating any foam, which is
called the receiver. A 200-ml pipette with the surfactant
solution was placed 90 cm above the receiver and the
solution was allowed to drop into the foam receiver. The
height of the foam produced was measured immediately
and after 5 min.

Wetting

The Draves wetting test was performed according to
ASTM D2281-68 [28]. First, 500 ml of surfactant
solution was poured into a 500 ml graduated cylinder
(38 cm in height), and a 5.0 g standard skein hooked
with a lead anchor was dropped into the solution. The
skein floats in the solution initially and sinks when
wetted, and the time taken was recorded as the time of
wetting.

Results and Discussion
Synthesis

The synthetic scheme is shown in Scheme 1. Surfactants
were prepared by a two-step process comprising an ester-
ification reaction followed by oxidation. Initially, the oxi-
dation was performed using m-CPBA as the oxidant. This
reagent necessitated the use of a protection/deprotection
strategy to achieve the removal of by-products from m-
CPBA and resulted in a more lengthy synthesis. It was
found that hydrogen peroxide was effective at converting
the sulfide to the sulfoxide as shown in Scheme 1. This
oxidant eliminates the need for a protection/deprotection
strategy resulting in the two step synthesis shown. In this
manner, C;,ESCOOH, C;,ESOCOOH and C;,ESOCOOH
can be prepared. According to the '"H NMR, the impurity
based on unreacted fatty acids are less than 5 mol%,
assuming unreacted HMTBA is fully removed in the wash.

Following the preparation of the acetylated HMTBA
derivatives, the carboxylic acids were converted to sodium
salts using ion-exchange chromatography using the general
method outlined in the experimental section. The pH of the
1 wt% solutions/suspensions of the solids increased from 4
to 8 after passing through the column. Additionally, the
sodium salts were fully soluble in water (deionized with
18 MQ resistivity), as seen in Table 1, while the carboxylic

Table 1 Water solubility and surface chemical properties of anionic surfactants based on HMTBA with a review of surface properties of various

anionic surfactants

Surfactants Water solubility CMC (mM) YeMme PC20 CMC/C20 Ty, Amin/ion (;\2)
(mM) (mN/m) (x107'° mol/m?)
C,ESCOONa 282 1.0 35 3.84 5.55 2.10 40
C,ESOCOONa >1000 1.7 40 3.27 3.15 2.33 34
C16ESOCOONa 117 0.54 42 4.07 4.56 1.26 65
C,H,580, Na™ (SDS) 350 [29] 12.4 [30] 40 [30] 2.36 [30] 2.6 [30] 2.93 [30] 57 [30]
8.0 [31]
8.2 [32]
C1,H,5sC6H,SO; " Na™ (SDBS) 575 [33] 3.1 34 3.24 5.30 2.25 52 [34]
C,1H,3CO0 Na™ (NaL) 90 19.1 29 [38] 3.32 38.5 [39] 1.06 78
28.1 [35] 47 [34]
31.2 [36] 30
27.2 [37]
C,3H,,CO0 Na* (NaMy) 6 [40] 4.5 (50 °C) [31] - 3.67 - 1.39 60
4.0 [40]
6.9 [41]

C,5H3,CO0Na*t (NaPa) - 2.1 (30 °C) [37]

1.8 (62 °C) [42]

If not specified, all data were measured at room temperature, 1 atm. If not referenced, all data were measured in this study
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acids were insoluble. Both of the above results indicate that
full conversion to the sodium carboxylate salt was
achieved. The molecular structures of the synthesized salts
are presented in Fig. 2. In this manner, sodium 2-dode-
canoloxy-4-(methylthio)butanoate (C1,ESCOONa),
sodium 2-dodecanoloxy-4-(methylsulfinyl)butanoate (Cj,.
ESOCOONa) and 2-hexadecanoloxy-4-(methylsulfinyl)
butanoate (C;cESOCOONa) were synthesized.

To ensure that ester hydrolysis had not taken place
during the formation of sodium salts using ion exchange,
the sodium salts were analyzed by HPLC. Figure 1 shows
the HPLC of C;,ESOCOOH and C;;,ESOCOONa with
H,SO, present in the HPLC solvent. Evidence of hydrol-
ysis is characterized by the appearance of the sulfoxide of
2-hydroxy-4-(methylsulfinyl)butanoic acid which has a
retention time of 1.6 min. As can be seen from Fig. 1, only
a small amount of 2-hydroxy-4-(methylsulfinyl)butanoic
acid was present after ion exchange; i.e., ion exchange
chromatography had little effect on the integrity of the
ester. Also of note are that the sulfone and the sulfide did
not elute at the same time as the sulfoxide, and hence
Fig. 1 also shows that the conversion to sulfoxide was
essentially complete and over-oxidation did not occur.

Surface Chemical Properties

Water/air interfacial properties of C;;,ESCOONa, sodium 2-do-
decanoloxy-4-(methylsulfinyl)butanoate (C;,ESOCOONa) and
2-hexadecanoloxy-4-(methylsulfinyl)butanoate ~ (C;cESOCO
ONa) are presented in Table 1 in comparison to anionic sur-
factants with similar structures, including the linear carboxy-
lates, sodium dodecyl sulfate (SDS) and sodium
dodecylbenzene sulfonate (SDBS). The surface chemical

Minutes

properties of C;,ESCOONa, C;,ESOCOONa and Ci.
ESOCOONa were computed from the surface tension data in
Fig. 3. Undershoots near the CMC values are attributed to the
presence of a small amount of impurity, likely carboxylic acids
and their sodium salts from the residue of the esterification
reaction and/or hydrolysis during neutralization. The magni-
tudes of the dip are large for the C,, species, especially for the
C,ESOCOONa. However, the surface tension value at the dip,
30 mN/m, roughly matches the value for sodium dodecanoate at
the CMC (see Table 1) as one would expect. Because of the
large deviation from a regular surface tension isotherm, the
discussion on surface adsorption profile of C;,ESOCOONa
should be limited to qualitatively instead of quantitatively. In
particular, the values in Table 1 are suspect with respect to this
molecule.

Relative to sodium laurate (NaL) (0.02 g/ml) and
sodium myristate (NaMy) (0.0015 g/ml), the solubility of
C,ESCOONa is much higher (0.1 g/ml). Comparing the
molecular structure of C;;,ESCOONa and NaMy in Fig. 2,
C2ESCOONa has an additional ester group on the main
chain and a methyl-sulfur-ethyl group as a branch. This
combination increased the solubility by ~2 orders of
magnitude while lowering the CMC by a factor of ~4. The
sulfur-containing branch interferes with intermolecular
arrangement and hence considerably increases the solu-
bility. At the same time, the three additional hydrocarbon
units reduce the CMC significantly.

All critical micelle concentrations of the sulfoxide/sul-
fide carboxylate surfactants based on HMTBA are lower
than that of SDS, SDBS, NaL, and NaMy measured at the
same temperature, or sodium palmitate (NaPa) at higher
temperatures. Sulfoxide/sulfide carboxylate surfactants
possess relatively high pC20, indicating high efficiency in
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Fig. 2 Molecular structures of a C,;ESCOONa and b C,ESOCOONa
where n = 12 or 16, and ¢ straight chain alkyl carboxylate sodium
salt with n carbon atoms, where n = 12, 14, or 16
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Fig. 3 CMC determination of C;;,ESCOONa, C;,ESOCOONa and
C6ESOCOONa via surface tension measurement

lowering the surface tension, even though their surface
tensions at the CMC and surface excess concentrations are
not superior to other anionic surfactants, suggesting com-
parable effectiveness of surface adsorption. One important
parameter is CMC/C20, which is an indicator of the ten-
dency of liquid—air adsorption versus micelle formation
(the higher the value, the more favored is surface adsorp-
tion). The reason that sulfoxide/sulfide carboxylate sur-
factants favor micelle formation more than its carboxylate
counterpart is likely a result of the packing factor of sul-
foxide/sulfide carboxylate surfactants being smaller than
molecules with a straight-chain hydrophobe. The anomaly
is C;cESOCOONa, which has a high surface area per
molecule (i.e., low effectiveness), and a very high pC20
(i.e., high efficiency). The latter was expected since the
carbon chain is longer, but the former is less likely since a
longer hydrophobe usually increases the adsorption effec-
tiveness. Our suspicion is that surface active impurities in
this sample interfered with surface arrangement of Ciq.
ESOCOONa although the dip in surface tension at the
CMC is not as large for this surfactant as for the other
surfactants.

&\ Springer ANOCS &

The comparison between C;,ESCOONa and Ci,.
ESOCOONa represents the difference between sulfide and
sulfoxide functional groups. Sulfur oxidation increased the
water solubility and CMC, which was expected. Although
molecular adsorption below the CMC is potentially dis-
turbed by surface-active impurities, the CMC of C;,
ESOCOONa is still lower than the suspected impurity,
sodium dodecanoate.

Precipitation Tendencies

The precipitation tendencies of sulfoxide/sulfide carboxy-
late surfactants are presented in Table 2, in comparison with
common anionic surfactants. Within 48 h, 1 wt% solutions
of C,ESCOONa, C;ESOCOONa or C;cESOCOONa
did not show precipitation in the 4 °C water bath, and hence
the Krafft points of all three sulfoxide/sulfide carboxylate
surfactants were lower than 4 °C. Based on the reported
data, the sulfoxide/sulfide carboxylate surfactants have
better low temperature operability than SDS (Krafft point at
15 °C). In terms of hardness tolerance, the C;,ESCOONa
solution showed precipitation with CaCl, only above
100 uM. NaL and SDS were also tested; the results show
that the C;,ESCOONa has approximately 2.5 orders of
magnitude better calcium tolerance than the linear
carboxylate (which agrees with the water solubility data)
and about half an order of magnitude better than the linear
sulfate, SDS. This improved calcium tolerance is a
combined effect of the increased hydrogen bonding due to
the ester group, and the branching in the head group. Oxi-
dation of the sulfur atom further improved its hardness tol-
erance. C,ESOCOONa has a hardness tolerance of
5000 mM of CaCl,, which is 50 times higher than the
unoxidized form. In fact, the increased hardness tolerance
from sulfur oxidation is exactly offset by 4 additional
hydrocarbon units, which is observed by comparing the data
of C,ESCOONa and C;¢(ESOCOONa. Due to its good
water solubility, low CMC and high hardness tolerance,
C2ESOCOONa is a potential calcium tolerant anionic
surfactant, and even a candidate as a builder in hard-water
formulations.

Draves Wetting Test

For the Draves wetting test, 0.1 wt% solutions were used
for all the surfactants. As presented in Table 3, C;,.
ESCOONa outperforms NaL in wetting time with a com-
parable performance to SDS. C;;,ESCOONa is a larger
molecule than NalL and SDS, and should have a smaller
diffusion coefficient and hence a higher wetting time, but
since C;,ESCOONa has lower CMC, this surfactant should
be less likely to experience monomer depletion in the
Draves wetting test than the other two surfactants.
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Table 2 Krafft point and

. Surfactants Krafft point (°C) CaCl, tolerance (LM) Hardness tolerance
calcium tolerance of (ppm as CaCOs)
sulfoxide/sulfide carboxylate PP & 3
surfactants with comparisons C,,ESCOONa <4 100 10

C,ESOCOONa <4 5000 500
C1,ESOCOONa <4 100 10
NaL 13 [43] 0.5 0.05
SDS 15 [31], 16 [44] 40 [45] 4 [45]

If not referenced, all data were measured in this study

Table 3 Draves wetting test results of sulfoxide/sulfide carboxylate
surfactants with comparisons

Surfactants Draves wetting time (s)
of 0.1 wt% solution

C12ESCOON3. 11

NaL 52

SDS 11

Ross-Miles Foam Test

For the Ross-Miles foam test, all surfactants were used at 1
wt% concentration, which is above all CMC. The results in
Fig. 4 show that the C;,ESCOONa generates foam com-
parable to the reference anionic surfactants (measured in
our laboratory using the identical equipment and proce-
dure), but dissipates much faster. Fast dissipation indicates
lack of surface cohesiveness. Judging from its structure, the
branching could have disturbed the surface arrangement of
surfactant molecules. Quick dissipation of foams is a
desirable property in low-foaming applications, such as
automatic dishwashing and laundry.

300 -

250 4

200 -

150 +

100 +

Foam Height (mm)

50

0 T T T T
SDS SDBS AES C,,ESCOONa

Fig. 4 Ross-Miles foam test results of C;;,ESCOONa comparing with
SDS, SDBS, AES (a commercial sample Steol CS-460). Top of the
bars correspond to the initial height of foam; the bottom of the bars
correspond to the foam height after 5 min

Conclusions

A novel family of anionic surfactants, sodium 2-alkanoloxy-
4-(methylthio)butanoate or sodium 2-alkanoloxy-4-(methyl-
sulfinyl)butanoate, was successfully synthesized. These sur-
factants have good water solubility, low Krafft point, high
surface tension reduction efficiency, low critical micelle
concentrations and improved calcium tolerance compared to
sodium laurate and sodium dodecyl sulfate. The solutions of
the surfactants have comparable wetting performance as
sodium dodecyl sulfate, which exceeds that of sodium lau-
rate. The surfactant generates foam volume roughly equiv-
alent to similar anionic surfactants, but the foam dissipates
much more quickly. The combination of the improved crit-
ical micelle concentration, Krafft point, calcium tolerance,
wetting time and foam dissipation show that the new sur-
factants have some promise in detergency formulations,
especially in hard water and cold water formulations.
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