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New low-molecular-weight gelators, L-lysine derivatives with a

positively charged terminal in the ester group, can gel water at

low concentrations; in particular, 1 and 8 form a hydrogel at

0.1 wt%.

Hydrogels have been extensively investigated because of their
applications for tissue engineering1 and development of new
materials that reversibly response to various external stimuli.2

They usually consist of covalently or noncovalently cross-
linked polymers and contain a large amount of water that fills
the interstitial spaces of the network. These hydrogels have
complicated intermolecular association modes that are difficult
to define. In contrast, since physical gels such as organogels
and hydrogels, which are formed by low-molecular-weight
compounds, are one-dimensional aggregates, the definition of
the association modes is relatively easy. In spite of many
reports on organogelators,3 however, there are only a limited
number of hydrogels formed by low-molecular-weight com-
pounds.4 Here we describe new low-molecular-weight hydro-
gelators 1–8 and their self-assembling behavior and gelation
ability in water.

The results of the gelation test and the values of the mini-
mum gelation concentration (MGC) necessary for hydrogel
formation are listed in Table 1. Except for 6, these compounds
have excellent gelation abilities for water and form a hydrogel.
In particular, 1 and 8 form a hydrogel at 0.1 wt%. These
hydrogels are very stable and maintain the gel state for at least
6 months. Very interestingly, the MGC values depend signifi-
cantly on the length of the alkyl chain linked at the Na-posi-
tion; the gelation ability decreases with the increasing length
of the alkyl chain. This is likely because steric hindrance affects
the formation of the hydrogel. Furthermore, the hydrogels
become opaque with increasing length of the alkyl chain;

this is probably induced by an increase in the size of the nano-
structure.
Fig. 1 shows TEM images of samples prepared from the

hydrogels of 1 and 8. In the hydrogels, these hydrogelators cre-
ate a three-dimensional network, which is formed by entangle-
ment of the fine fibers having diameters of ca. 15–20 nm.
Therefore, the formation of the hydrogels is caused by entrap-
ping water (solvent) molecules into the spaces of the network,
like common organogels. On the other hand, the TEM image
of the hydrogel of 7 shows ca. 100–200 nm nanofibers. Prob-
ably, the strong interactions between the long alkyl chains lead
to preferable self-assembly into large nanofibers compared to 1
and 8.
To evaluate the self-assembling behavior, we measured the

fluorescence spectra of 8-anilino-1-naphthalenesulfonic acid
(ANS) in an aqueous solution of 1 and the FTIR spectrum

Fig. 1 TEM images of samples prepared from 1 and 8 in water.

Table 1 Results of the gelation test of 1–8 in water

Compound MGCa H2O/gelatorb

1 1 (T) 41 000

2 3 (TL) 14 000

3 10 (O) 4300

4 13 (O) 3300

5 15 (O) 2900

6 S

7 25 (O) 1800

8 1 (T) 41 000

a Minimum gel concentration necessary for gelation (mg ml�1). T:

transparent gel. TL: translucent gel. O: Opaque gel. S: Solution at 5

wt%. b The number of water molecules entrapped by a gelator mole-

cule.
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of the hydrogel of 1. Fig. 2 shows the dependence of the lumi-
nescence maxima (lmax) of ANS on the concentration of 1.
lmax is blue-shifted up to 2.0� 10�5 M and then remains
almost constant, indicating that 1 begins to form some self-
assembled structures having hydrophobic pockets at a concen-
tration lower than MGC, and ANS is incorporated into the
hydrophobic pockets (this self-assembly may be a spherical
micelle)5. Namely, 1 self-assembles into a nanostructure
through hydrophobic interactions.
Fig. 3 shows the FTIR spectra of 1 in chloroform and D2O.6

The FTIR spectrum in chloroform, in which no self-assembly
occurs, shows absorption bands at 1658 and 1514 cm�1, char-
acteristic of non-hydrogen-bonded C=O (amide I) and N–H
(amide II). In contrast, the FTIR spectrum in D2O is charac-
terized by bands at 1632 (nC=O , amide I) and 1543 (dN–H ,
amide II) cm�1, which are assigned to hydrogen-bonded amide
groups.7 This result indicates that 1 forms intermolecular
hydrogen bonds in the nanofibers. Moreover, the antisym-
metric (nas) and symmetric (ns) CH2 stretching vibrational
modes of 1 in D2O shift to lower wavenumbers (2930! 2920
cm�1 and 2857! 2850 cm�1) due to the decrease in the chain
fluidity8 induced by hydrophobic interactions between alkyl
groups.
In summary, we have described new low-molecular-weight

hydrogelators based on L-lysine. The compounds have an
excellent gelation ability for water; in particular, 1 and 8 can

gel water at 0.1 wt%. The FTIR, TEM, and fluorescence mea-
surements indicate that spherical micelles are formed at first
(below MGC) through hydrophobic interactions; these then
aggregate to form nanofibers upon cooperative formation of
hydrogen bonds. Then entanglement of the nanofibers creates
a three-dimensional network structure, which leads to hydro-
gel formation.

Experimental

Compounds 1–8 were prepared from commercially available
Ne-lauroyl-L-lysine from the Ajinomoto Co., Ltd., according
to a synthetically simple approach: esterification by 11-bro-
moundecanol (80% yield), acylation by n-bromoalkanoyl
chloride (98% yield), and then quaternization (95% yield).
The gelation ability of these compounds was evaluated by
the stable-to-inversion method of a test tube after allowing
the solutions to stand at room temperature for 6 h followed
by dissolution into water with mild heating.
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Fig. 2 Dependence of luminescence maxima of ANS on concentra-
tion of 1. [ANS] ¼ 1.0� 10�5 M. Inset: blow-up of the low concentra-
tion range.

Fig. 3 FTIR spectra of 1 in D2O and CHCl3 . [1] ¼ 15 mg ml�1.
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