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Synergistic Effects of Alkyl Glucosides
and Nonionic Sugar-Based Gemini

Surfactants

The interfacial properties of a new family of nonionic surfactants
derived from alkyl glucosides were studied. The physico-chemi-
cal parameters of these dimeric compounds were compared
with those of their monomeric counterparts. Synergistic effects
were found for C-12/C-14 alkyl glucosides and for C-12/C-14
gemini derived compounds.

Synergistische Effekte von Alkylglucosiden und nicht-
ionischen Geminitensiden auf Zuckerbasis. In dieser Arbeit
werden Grenzflicheneigenschaften einer neuen Klasse von
nichtionischen Tensiden aus Alkylglucosiden untersucht. Die
physikalisch-chemischen Eigenschaften dieser dimeren Verbin-
dungen wurden mit denen der entsprechenden monomeren
Verbindungen verglichen. Fiir C-12/C-14-Alkylglucoside und C-
12/C14 Geminitenside konnten synergistische Effekte gefunden
werden.

1 Introduction

Alkyl glycosides are biosynthesized as glycolipids by microor-
ganisms from rhamnose, sophorose and trehalose. They are
currently prepared in industry from long-chain alcohols and
carbohydrates. As these compounds display surfactant prop-
erties, they are gradually replacing other known nonionic
surfactants in industry, owing to their excellent biodegrad-
ability and the absence of toxic effects. Food elaboration,
polymer manufacture, and solubilization of biological mem-
branes are some of the wide spectrum of applications of alkyl
glycosides.

The carbohydrate polar head has multiple hydroxyl
groups with defined orientation, allowing the formation of
strong cooperative hydrogen bonds between the surfactant
molecules. This fact, together with the hydrophobic interac-
tion between the long hydrocarbon chains, lead to sponta-
neous association in water [1].

In recent years, a new class of surfactants called gemini,
carrying two hydrophobic chains and two hydrophilic groups
connected by a spacer, has been prepared. These dimeric
compounds showed improved surfactant properties when
compared to monomeric surfactants [2].

The interesting properties of gemini surfactants
prompted us to design and synthesize a new type of amphi-
philic molecule comprising two alkyl glucosides linked
through a spacer [3]. The use of ecologically safe surfactants
such as alkyl glycosides as monomers is mainly because of
their biodegradability, and the fact that they can be easily pre-
pared from renewable raw materials such as carbohydrates
and long-hydrocarbon-chain alcohols.

Two molecules of alkyl o-D-glucopyranoside were con-
nected through ester linkages. Selective protection/deprotec-
tion sequences led to the synthesis of gemini surfactants
linked through O-6 of the sugar moieties by succinic acid as
the spacer. The synthesized dimers constitute a new family

of gemini surfactants. We have previously prepared and ana-
lyzed the butyl glucoside family, and the results showed that
the surfactant properties of the C-4 dimers are better than
those of the monomers, specially in the values for critical mi-
cellar concentration (c.m.c.) [3].

Long-chain alcohols are readily available from coconut
and palm kernel oils , and the commercial mixture of dode-
cyl and tetradecyl alcohols is one of the most widely distribu-
ted in the market. Taking into account the fact that the alkyl
a-glucoside prepared from this mixture displays better sur-
factant properties than the butyl glucoside [4], we decided to
prepare the corresponding dimers [5].

We now report on the interfacial properties of the C-12
and C-14 dimers in comparison with their monomers. The
following properties were analyzed: c.m.c.; Ycm.., the surface
tension at c.m.c.; T'yy, the surface excess concentration at sur-
face saturation, a useful measure of the effectiveness of ad-
sorption; a3, the area per molecule at the interface at surface
saturation; AG%;., the standard free energy of micellization;
AGSgs, the standard free energy of adsorption; pCyy, the ne-
gative logarithm of the bulk liquid phase concentration of
surfactant required to depress the surface tension of the sol-
vent by 20 mN/m, a good measure of the efficiency of the
adsorption of the surfactant; and the c.m.c./Cyq ratio, a con-
venient way of measuring the relative effects of structural
factors on the micellization and adsorption processes.

The aim of the present paper is to compare the relative
efficiency of alkyl glycosides and gemini surfactants pre-
pared from pure long-chain alcohols with those synthesized
using commercial mixtures.

2 Experimental
2.1 Materials

Dodecyl-a-D-glucopyranoside (1), and tetradecyl-o.-D-gluco-
pyranoside (2), and dodecyl/tetradecyl-a-D-glucopyranoside
(5), were synthesized from glucose and purified as previously
described for n-butyl glucosides [3a, 5]. 1,4-bis-[6-O-(n-dode-
cyl-a-D-glucopyranoside)] succinate (3), 1,4-bis-[6-O-(n-tetra-
decyl-a-D-glucopyranoside)] succinate (4), and compound 6
were prepared as described.

2.2 Methods
Determination of interfacial properties

Air-water surface tensions were measured at 25 °C in a spe-
cially adapted tensiometer based on the bubble presure
method [6]. Calibration was performed against a range of
standard liquids; excellent agreement with the literature va-
lues was found [7]. Critical micellar concentrations (c.m.c.)
were determined by extrapolation of surface tension vs. con-
centration curves. All compounds showed the typical graphs,
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with an abrupt change in slope at the zone corresponding to
cm.c.

Other interfacial properties were calculated according to
known methods [8]. For example, AG%q4s and AG%,;. were cal-
culated using equations 1 and 2 respectively

RTInC, —"

Au =555 ~ ™

0o _ c.m.cC.
AGY, = RTln( 555 ) 2)

where 7 (= 7, — v) is the surface pressure in the region of
surface saturation (that is, where I' =I', and the molar area
of the surfactant a° = a},), and C, is the molar concentration
of surfactant in the aqueous phase at a surface pressure 7.

3 Results and discussion

3.1 Interfacial properties of the alkyl glucosides
and of the gemini compounds derived from them

The interfacial properties of dodecyl-o-D-glucopyranoside
(1), tetradecyl-o-D-glucopyranoside (2), and those of the new
dimers 1,4-bis-[6-O-(n-dodecyl-o.-D-glucopyranoside)] succi-
nate (3), and 1,4-bis-[6-O-(n-tetradecyl-o-D-glucopyranoside)]
succinate (4, Figure 1) are shown in Table 1. The dimers of
C-12 (3) and C-14 (4) displayed higher c.m.c. values than
the starting monomer, and are therefore less efficient at
forming micelles. This behaviour would be related to self-
coiling [9, 10] of the alkyl chains and to the formation of sub-
micellar aggregates [11].

The area per molecule at the interface at surface satura-
tion aj, was calculated and is also shown in Table 1. In gen-
eral, for both the known ionic and nonionic surfactants pre-
sent, the value of the surface area per molecule, a3, appears
to be determined by the area occupied by the hydrated hydro-
philic group rather than by the hydrophilic group, because
the chains in the usual ionic or nonionic surfactants with
the hydrophilic groups at one end of the molecule do not lie
flat at the interface either but are somewhat tilted with re-
spect to the interface. If a second hydrophilic head is present
in the molecule, the aj, value increases [12]. The aj, values of

0] 0]
O/J\ (CHZ)Z)J\O

OH
HO 0 HO 0 HO 0
HO HO HO
OH OH OH

O(CH2)aCH3 O(CHy)nCH3 O(CHz)mCH3
1 n=11 3 n=m=11
2 n=13 4 n=m=13
5 n=11and n=13 6 n=m=11 and
n=11, m=13

the dimers were up to two times higher than those of the
monomers, which is in accordance with previous studies of
ionic gemini surfactants where ay, is larger for gemini sur-
factants.

The c.m.c. values of the monomers decrease with the al-
kyl chain length, because the c.m.c. for the tetradecyl-a-D-
glucopyranoside 2 is three times lower than that of dodecyl-
o-D-glucopyranoside 1. On the other hand, this behaviour is
not observed for the dimeric compounds which show closer
cm.c. values, and therefore for this family it is difficult to
correlate the c.m.c. or log c.m.c. of the gemini compounds
with the alkyl chain length.

A higher c.m.c./Cy ratio indicates that the hydrophobic
groups are less suitably oriented to accommodate themselves
in the internal part of the micelles. In general, for gemini
surfactants, adsorption onto the surface of aqueous solutions
is preferred over the formation of micelles, leading to c.m.c./
C,o ratios higher than those of the monomers. In the C-12
and C-14 gemini compounds prepared, the opposite results
were obtained. As can be seen from Table 1, the c.m.c./Cy
ratios of both dimers (compounds 3 and 4) are lower than
those of the corresponding monomers 1 and 2, respectively.
In spite of their higher c.m.c. values, the reduction in c.m.c./
Cyo ratios observed for the dimers indicates that the gemini
compounds prepared are about one order of magnitude
more efficient at reducing the surface tension than the
monomers.

3.2 Synergistic effects of alkyl glucosides

The commercial material readily accessible (medium-chain
alcohols) is in fact a mixture of dodecyl and tetradecyl linear
alcohols in a 3:1 ratio. From this starting material we pre-
pared the corresponding alkyl glucoside (compound 5, Fig-
ure 1). The 'H and >C NMR spectra and the mass spectra
showed that the same 3:1 ratio of C-12 and C-14 alcohols is
present in the glucoside. The interfacial properties of this
compound are shown in Table 1. It is clear that the dodecyl/
tetradecyl-o-D-glucopyranoside 5 obtained from the commer-
cial mixture exhibits improved properties with regard to al-
most any of the different parameters displayed.

The c.m.c. value of 5 is not intermediate, but lower than
that of both pure C-12 and C-14 glucosides (compounds 1
and 2). Solubilization, that is the dissolving of normally
water-insoluble organic compounds into aqueous solutions
of surfactants, occurs only above their c.m.c., where micelles
are present. In consequence, the synergistic effect will oper-
ate for solubilization, because the lower c.m.c. value of the
mixture indicates that it is a more efficient solubilizer than
any of its pure components.

It is interesting to note that although both dodecyl and
tetradecyl glucosides 1 and 2 have identical ay, values, the

Figure 1 Structures of monomers and dimers of alkyl glucosides 1-6 3:1 mixture (compound 5) shows different values.
Compound  Spacer Linked cm.c. Yemc I'm am® AGic AG4s pCx cm.c/ HLB
through (mM) (mN/m)  (mol/cm?x10'°) A% (kJ/mol)  (ki/mol) Cao
1(n:12) - - 23+03 36.9 39 43+ 4 -25.0 -32.0 3.9 1.8 11.0
2 (n:14) - - 0.8+0.2 48.8 39 43+ 4 -27.7 -33.1 3.2 1.1 10.2
3(n:12) Succinyl O-6 34103 46.7 2.1 79+ 15 —-24.0 -34.9 2.6 1.3 11.6
4 (n: 14) Succinyl 0-6 26103 54.4 1.8 92+ 14 —24.7 -33.3 2.5 0.8 10.8
5(n:12/14) - - 04102 30.6 4.4 38+4 -29.2 -38.1 39 3.5 10.7
6 (n: 12/14) Succinyl O-6 1.3+£03 41.7 2.2 76 £ 15 —-26.4 -39.9 33 2.5 11.4
Table 1 Interfacial properties of compounds 1-6
2 Tenside Surf. Det. 39 (2002) 2



M. J. L. Castro et al.: Synergistic Effects of Alkyl Glucosides and Nonionic Sugar-Based Gemini Surfactants

TS_TS11735 - 27.3.02/druckhaus kithen

Both micellization and adsorption processes are favoured
by the synergistic effect, as can be seen from the AG%,;c and
AG$gs values (Table 1).

The largest difference is found in the c.m.c./Cy ratio.
The higher value for this parameter suggests that in the mix-
ture the micellization process is less favoured than the ad-
sorption process.

3.3 Synergistic effects of gemini compounds derived
from alkyl glucosides

As before, a gemini compound linked through O-6 of the su-
gar moieties by succinic acid as the spacer was prepared
from the mixed dodecyl/tetradecyl-o-D-glucopyranoside 5.
The product (compound 6, Figure 1) was characterized by
NMR spectroscopy and mass spectrometry. In the chemical
ionization mass spectrum two molecular ions were detected,
the major one corresponding to the linkage through the suc-
cinic spacer of two molecules of dodecyl-a-D-glucopyrano-
side, and the minor one to a dodecyl-a-D-glucopyranoside
linked to a tetradecyl-a-D-glucopyranoside molecule. A 7:3
ratio between these two dimers could be estimated from the
relative abundances of their respective molecular ions. No
peak corresponding to a dimer composed of two molecules
of the minor tetradecyl-o-D-glucopyranoside was detected.
Taking into account these findings, compound 6 is not ex-
actly a mixture of compounds 3 and 4, but a mixture of 3
and a mixed dodecyl/tetradecyl-a-D-glucopyranoside dimer.
Nevertheless, the supposition of synergistic effects still
applies, because compound 6 is in fact composed of two dif-
ferent gemini compounds.

The interfacial properties of compound 6, displayed in
Table 1, show that its c.m.c. is lower than those of both pure
C-12 and C-14 dimeric sufarctants (compounds 3 and 4), in-
dicating an improvement in micelle formation. The beha-
viour of compound 6 suggests that the mixed product would
be less affected by the self-coiling effect than compounds 3
and 4. In fact, the c.m.c. value for compound 6 (1.3) is very
close to that of the structurally related gemini compound
prepared from octyl-a-D-glucopyranoside (1.8) [5].

Both micellization and adsorption processes are favoured
by the synergistic effect, as can be seen from the AG%,;c and
AG$4s values (Table 1), but a larger effect is observed for the
adsorption process.

Again, the c.m.c./Cy ratio shows the most striking syner-
gistic effect, suggesting some influence of the presence of
two different alkyl chains on the micelle formation process.

On the other hand, the pC,, values are distinctly affected
in the monomeric surfactants and the dimers. While for
dodecyl/tetradecyl-o-D-glucopyranoside 5, the pCy value is
identical to that for dodecyl-a-D-glucopyranoside 1, the pCy
value for compound 6 is higher than those calculated for ge-
mini compounds 3 and 4. The mixed compound 6 has a
greater efficiency to adsorb at the surface than 3 or 4 sepa-
rately.

Synergistic effects have been previously reported for an-
ionic surfactants in surface tension reduction, especially
when mixed with nonionic surfactants [13]. To our knowl-
edge, our results are the first report of synergistic effects be-
tween nonionic, sugar-based gemini surfactants. On the
other hand, the results indicate that the use of the commer-
cial mixture of these long-chain alcohols rather than pure al-
cohols as the starting material is more convenient for the
preparation of sugar-based surfactants, not only as regards
cost but also in terms of the surfactant efficiency of the pro-
ducts.
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