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Following a combinatorial library approach, 60 organic salts have been prepared by reacting 5 bile
acids and 12 secondary amines. Gelation tests with various organic and aqueous solvents reveal that 16
salts are supramolecular gelators of which 6 salts are found to be ambidextrous displaying the ability to
form gels with organic as well as aqueous solvents. The salt didodecylammonium chel&gi¢ the
most versatile gelator, displaying gelation ability with a maximum number of solvents. AFM images of
the xerogels ofla7bin organic and agueous solvents reveal the presence of fibrous aggregate including
helical fibers. Dynamic and morphological behaviors of the aggregates in the gel state have been probed
by dynamic light scattering (DLS) and small-angle neutron scattering (SANS) experiments on an aqueous
gel (1:1 DMSO/HO) of 1a7h It is revealed that the gelation takes place via the formation of flexible

fibrous clusters followed by physical cross-linking. DLS and SANS results also disclose that (1) the
fibrous network is formed via flexible clusters of a few tens of nanometers in length, followed by immobile
network formation; (2) the network structure is self-similar irrespective of gelator concenti@tiahjle

the gelation temperature G dependent; and (3) the fibrous aggregates are in the solid state with a sharp

boundary.

Introduction
Low molecular mass organic gelators (LMO&g)are
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themselves through junction zofigs form a three-dimen-  indeed important for the gelation ability of a new class of
sional network within which the solvents molecules are im- gelators based on secondary ammonium cinnamate!#alts.
mobilized resulting in gel formation. Unlike polymeric gels If one considers the plausible hydrogen-bonding motif of
whose 3D network is based on covalent linkage, these physi-secondary ammonium salts of a monocarboxylic acid, two
cal gels obtained from LMOGs depend on relatively weak main motifs, one 1D polymeric and the other cyclic (OD)
nonbonded interactions, e.g., hydrogen bondings stack- network through N-H---O hydrogen bonding, can be envis-
ing, and van der Waals. Two distinct categories of gelators aged? (Chart 1).
based on LMOGs, hydrogen bond based and non hydrogen

. . Chart 1
bond based gelators, are known according to the difference ar
in driving force for the molecular aggregation. Research on o
LMOG has been intensified in recent years due to the chal- —<CO'
lenge involved in the design and synthesis of a gelator mole- H R
cule as well as its various potential applications in materials NR
science. However, designing a gelator molecule is still a o§'
daunting task, and it is also impossible to select a molecule — ~o=o,,

. . L . H H R
that will definitely gel a selected liquid. Moreover, making o RN Yer
most of such gelators involves nontrivial organic synthesis. HR K H, M

. . . . N-R "0:2.0"
Organic salts are increasingly found to be popular in H \r
LMOG researcH since the preparation of such salts does D oD

not involve time-consuming nontrivial organic syntheses and _ _ _ _ _
in a relatively short period of time many salts can be prepared  Bile acids are naturally occurring steroidal monocarboxylic
and scanned for their gelation ability. Moreover, the supra- acids having unique bent geometry with hydrophobic and
molecular self-assembly in such salts is based on strong andydrophilic molecular surface (Scheme 1) and displaying
directional hydrogen bonding as well as stronger but less
directional electrostatic interactions between the cations and o ) )

) Bile acid anion Secondary ammonium cation
anions. Hydrophobic surface

Structural studies indicate that a 1D hydrogen-bonded Tail Hi+.R

. > + < NO

network promotes gelation whereas 2D and 3D networks Healjydrophilic surface H 'R
either produce a weak gel or do not promote gelation at all. |
We have also recently demonstrated that a 1D network is l

Scheme 1

Hydrogen bonded self-assembly involving
carboxylate anion and ammonium cation
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interesting lattice inclusion behavifThe hydrogen-bonding  white solid is isolated as the salt in a near-quantitative yield. FT-
sites are located in the hydrophilic surface and the carboxylic IR spectra (KBr) of the salts show the presence of an asymmetric
end (tail) of the bile acid molecule. stretching band of the carboxylate group (CQ@t ~1558 cnt?

We have decided to investigate secondary ammonium saltsanl‘%rﬁisze“ce ?f ad,cark,’ony' StreTChing E’afnﬂ@(,’f COOH at
of bile acids as potential gelators for the following reasons; ~1/04~1735 cn* indicating complete salt formation.
(i) many gelators are known to contain a steroidal mofety Optical Microscopy. A drop of 10uL of solution containing

i the ol ible hi hical | | if bl the gelator molecule is placed on a glass plate and allowed to form
(ii) the plausible hierarchical supramolecular self-assembly a gel, which is then observed under a Hirox optical microscope

of the ion pair in such salts may be envisaged as a 1D gquipped with crossed polars. The photographs of the gel fibers
network irrespective of their primary supramolecular ag- are acquired digitally.
gregates (either OD or 1D motif) as depicted in Scheme 1,  Atomic Force Microscopy. The gels are prepared from the salts
and (iii) the alkyl chains (specially long chain) in the cation in water with a few drops of methanol (10 wt %), in 1:1 (v/v) water/
are expected to help aggregate further the 1D network of DMSO solution (1 wt %) and in nitrobenzene (5 wt %). Then the
ion pairs through hydrophobic (alkyhlkyl) interactions. gels are dried on a glass plate at low pressure. Imaging is performed
Dynamic light scattering (DLS) is a nondestructive method With @ commercial JSPM-4210 (JEOL) equipped with a standard
to study the gelation proce¥sFor this reason, DLS has been  Silicon probe (BS-Multi 75A1, 3 N/m) using an ac mode (tapping
successfully used to study the gelation process for variousmOde)‘

. . . . N - Dynamic Light Scattering. DLS experiments are carried out
m m 16
syste S |1r;clud|ng acryla. '?f and its derivativegelatin; on ALV/DLS/SLS-5000-F compact goniometer system (Langen,
siloxanes’ and g-globulin!® The common features of

- . ; i . Germany). A He-Ne laser with the wavelength of 632.8 nm is
gelation are an abrupt increase in the scattering intensity and,seq as an incident beam. The scattered photons are collected with
appearance of nonergodicity. The tirriatensity correlation an avalanche photodiode system, and the scattered intensity is
function exhibits a characteristic broadening of the relaxation obtained as the counting rate of the photons. An intenrsitye

time with a power law fashiof Small-angle neutron  correlation function (ICF) is calculated as a convolution of the
scattering (SANS) is also extensively utilized to investigate scattered intensity. The typical measuring time is 30 s. The
the structure of gel®¥ In particular, physical gels made with ~ scattering angle is 90 For the sake of determining the gelation

aspect ratid®2! Therefore, it is of particular importance to temperature. The temperature of the sample is carefully controlled

combine both the methods to elucidate the structure andWlth a water circulating system (RTE-111M, Neslab, Co., L,

elation mechanism of gels derived from oraanic gelators Newton, MA). The temperature is fixed during measurements with
9 . 9 . 9 .g " the precision of 0.2C and then lowered to below the gelation points
In this report, we present the preparation, gelation char-

S ' ) step by step.
acteristics, optical microscopy, AFM, DLS, and SANS  gmall-Angle Neutron Scattering. SANS experiments are carried
studies of a new class of LMOG based on secondary out at the SANS-U spectrometer (The University of Tokyo, Tokai,
ammonium salts of bile acids obtained by combinatorial Japan). The wavelength of the incident neutron beam is 0.7 nm.
library approach. Scattered neutrons are collected with an area detector of 64 cm
64 cm (Ordela, 2660N). The samples are loaded in quartz cells
Experimental Section with the thickness of 1 mm for 1 and 5 wt % samples and 2 mm
for 0.1 and 0.5 wt % samples. Standard data reduction such as
Materials and Physical Measurements.All chemicals are  subtraction of the cell scattering and division by the sample
commercially available (Aldrich and TCI) and used without further  thickness is carried out. The scattered intensity is scaled to the
purification. FT-IR spectra are recorded using a Horiba FT-720 apsolute intensity with the incoherent scattering from a polyethylene
spectrometer. A Hirox digital optical microscope fitted with crossed secondary standard sample, and then subtraction of the incoherent
polars is used to observe the aggregates in the gel state. Fibers icattering from the solute and the solvent is performed. The
the xerogel are observed using JSPM-4210 (JEOL) AFM instru- temperature of the samples is controlled with a Neslab, RTEL

ments. and a programmable heating system with a stability of 001
Preparation of Salts.All salts are prepared by mixing equimolar
amounts of the corresponding acid and amine in THF followed by Theoretical Background

the evaporation of the solvent in a rotary evaporator. The resultant ) ) )
DLS. The dynamics of polymer solutions can be inves-

(13) (a) Miyata, M.; Sada, K. I€omprehense Supramolecular Chemistry  tigated by taking ICF as a function of decay time,The
MacNicol, D. D., Toda, F., Bishop, R., Eds.; Pergamon Press: Oxford, ICF, g(z)(r), is given by
1996; Vol. 6, Chapter 6, p 147. (b) Dastidar ®ystEngComn200Q
8. (c) Miyata, M.; Sada, K.; Yoswathananont, N.Encyclopedia of
Supramolecular ChemistryAtwood, J. L., Steed, J. W., Eds.; M. @ @ LO;l(r;a)3
Dekker: New York, 2004; Vol. 1, p 441. (d) Sada, K.; Shiomi, N.; g7(r) =g7(r;0) = —
Miyata, M. J. Am. Chem. S0d.998 120, 10543. H(0;a) F

(14) Shibayama, M.; Norisuye, Bull. Chem. Soc. Jpr2002 75, 641.

(15) Norisuye, T.; Shibayama, M.; Nomura, Bolymer1998 39, 2769.

=1g@gP+1 (1)

(16) Okamoto, M.; Norisuye, T.; Shibayama, Macromolecule2001, where [(z; q)i7 is the scattering intensity at time with
an ?\14, 8496. . T~ VL Tamaki R Chuio. Y respect ta = 0 and the scattering vectqr and(--[{ denotes
orisuye, 1.; Inoue, i Ibayama, ., lamaki, . ujo, . . 1 . . - . .
Macromolectle200Q 33, 900. a tlmg avgrageg( )(7) is the scattering field time correlatu_)n.
(18) Takata, S.; Norisuye, T.; Tanaka, N.; ShibayamaMdcromolecules function given by a Laplace transform of the characteristic
200Q 33, 5470. decay time distribution functiorG(I), i.e.,

(19) Shibayama, MMacromol. Chem. Phy4.998 199, 1.
(20) Terech, P.; Coutin, A.; Giroud-Godquin, A. M.Phys. Chem. 8997,

101, 6810. Dy = [ -
(21) Terech, P.; Allegraud, J. J.; Garner, C. Mngmuir1998 14, 3991. g (T) B .[(; G(F) exp( FT) dr (2)
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whereI'"! is the characteristic decay time. In the case of Table 1. Combinatorial Library of the Secondary Ammonium Bile

gels, the scattering intensity strongly fluctuates with sample Acid Salts*

position. Each speckle corresponds to time-average scattering la 2a 3a 4a sa

intensity, IF. On the other hand, an ensemble-average 1b lalb 2alb 3alb 4alb 5alb
; ; ; ; i ; 2b la2b 2a2b 3a2b 4a2b 5a2b
scattering mtensny[l]_@_, is obtaln_ed by t.ak|r_19 an average 2b 1a3b 7a3b 303D 4o3b Suab

over the sample positions. The inequality, i.e., 3 1a38 2a3b 3a3b 4a3b 5a3b
4b ladb 2a4b 3adb 4adb 5a4db

G = 0 (3) 5b 1a5h 2a5h 3a5h 4a5b 5a5h

5b' 1la58 2a5b 3a5b8 4a5b8 5a58

; ot ; - 6b 1a6b 2a6b 3a6b 4a6b 5a6b
is one of f:haracterlst_lc features of gel_s. A system in v_vh|ch 7b 1a7b 2a7b 3a7b 4a7b 5a7b
the ergodic hypothesis does not hold is calletbaergodic 8b 1a8b 2a8b 3a8b 4a8b 5a8h
system. It is known that glasses and gels are nonergodic 9b 1a9b 2a9%b 3ad9b 4ad9b 5a9b

systems324In this case, the ICF obtained at a given position 1% 1a10b 2al0b 3alOb  4al0b  5al0b

becomes position dependent and the initial amplitude of ICF ~ *The salts in italic type are gelators.

1(0: )ZQ Chart 2
2_ s 1=g,%0;q) — 1 (4) Preparation of salts and their gelation behavior:
1(0:0)F t

becomes much less than unity due to the appearance of
nonergodicity.

SANS.The scattering intensity functiol(g), for randomly
oriented rods, diameteiRand length B, is given by®

0

(a)

Various bile acids used in this study

(@ = 7 Sim(aH cosa) 4D (GRsin o)

where J;(X) is the Bessel function of order 1 andis the
angle between the preferential axis of the rod and the
scattering vector. If the length of the rod is much larger than
the radius and the rods are randomly oriented in the space,
an asymptotic form is obtained as,

sinada (5
(qHcosa)?  (gqRsina)? ©)

2 . v ic aci Ursodeoxycholic acid
[ Jl(q R)] s Hyodeoxycholic acid \

() ~ 4q e (6) )

Various secondary amines used in this study

Hence,l(q) is asymptotically decreasing as a functiongof

H
with the power of—4 for q greater than R, whereR is the N x
radius of the rod. Equation 6 also indicates that a scattering R‘ﬁ’R / ( \( “0/\/%\/\01*
maximum appears arourll ~ 5.1/, providing the rods R = CHy-(CHy), »

have a sharp distribution in their thickness. Nl b

x ()
N.-
n=2.2b
H . =3.3b N
Results and Discussion o H
n=>5.5b ' 9b

Preparation of Salts and Their Gelation Behavior.Sixty nono
salts (Table 1) have been prepared by mixing 5 bile acids Q\,H\/Q
(Chart 2a) and 12 secondary amines (Chart 2b) following a N
combinatorial library approach. Except in ursodeoxycholic o
acid (6a), the hydroxyl groups in the bile acids chosen for
this study are sterically arranged in the same direction making
the somewhat concave surface of the molecule hydrophilic
and potential hydrogen-bonding site. In the caséafthe
hydroxyl groups are oriented in the opposite direction making
both the surfaces of the molecule rather similar in nature. It
may be noted here that among the acids chosen for this study.
cholic acid (&) has highest number of hydroxyl groups

making its hydrophilic surface more susceptible toward
hydrogen bonding. The alkyl chains of the amirids-7b
are systematically varied to see its effect on gelation. The
effect of other substituents on gelation has also been
investigated by choosing amines, namdig,, 5b’', 8b, 9b,
and10b, containing various types of substituents (Chart 2b).
The italic cells of Table 1 depict the salts capable of gelling
1 or more solvents out of the 12 solvents tested in this study.
_ ) It is clear from Table 1 that out of 60 salts prepared, 16 of
(22) ;fg‘f_"a' T.; Hocker, L. O.; Benedek, G..B.Chem. Phys1973 59 them show gelation ability. Table 2 shows the details of the
(23) Pusey, P. N.; van Megen, Whysica A1989 157, 705. gelation behavior of these 16 salts. The gelators appear to
(24) Xue, J. Z.; Pine, D. J.; Milner, S. T.; Wu, X. L.; Chaikin, P. Fhys. be capable of gelling only polar solvents. SE7l, which

Rev. A 1992 46, 6550. : ) i
(25) Fournet, GBull. Soc. Franc. Mineral. Crist1951, 74, 39. is capable of gelling the maximum number of solvents,
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Table 2. Gelation Data&

solvents la3b 1labb 1la6b 1a7b 1a8b 2a5b 2a6b 2a7b 3a7b 4alb 4adb 4aSMa7b 4alOb 5a6b 5a7b
nitrobenzene P P VL G/1 VL S S S S P P P P G/10 P P
toluene S S P VL VL S S S P P P P P S P P
p-xylene S S S S S S S S S P P P P S P P
m-xylene S S S P S S S S S P P P P P P P
mesitylene S S S S P S S S S P P P P P P P
DMSO G/10 G5 G225 GF1 S G/10 GFl10 Gl10 d10 S GR5 P G/10 S G/10 d10
DMF S S G/10 G25 S S S G/10 G110 S S S S S P P
acetophenone S S S G/1 S P P S S S S LG S G/10 S P
anisole S S S G/05 S P S S S P S P S G/5 P P
n-decane S S S S S S S S S S S S S S S P
chlorobenzene S S S VL S S S S S P P P S Gl25 S P
methylbenzoate S S S G/2 G5 P S S S G/05 P G5 S G5 S P
DMSO/H,0 (1:1) S P G/2 G005 G2 LG S S S S S G2 S P G/2 G2

aG = gel; S= solution; P= precipitate; VL= viscous liquid; LG= loose gel. The numerical values indicate the minimum gelator concentration in wt
% (w/v); the italic type is used to highlight gels, VL or LG.

T,/ < C
LH
o O

0 2 4 6
Gelator concentration in wt %
Figure 1. Tgel Vs gelator concentration plot dfa7b gel in (a) DMSO/

water (1:1, v/v), @) in nitrobenze, or ®) in anisole.Tge is determined by
the drop-ball method?

appears to be the best among the lot prepared. It is also
apparent that both Iopg alky! chains and maXImum ngmber Figure 2. Optical micrograph of the intertwined network of fibers in the
of hydroxyl groups oriented in the same direction, as in the gel of 1a7b (5 wt % in 1:1 DMSO/water, v/v) (bar 100m).
case ofLa7h are important for efficient gelation. It is notable
that six saltsla6b, 1a7h 1a8b, 4a5, 5a6b,and5a7h, are in water (Figure 3b). Whereas the nitrobenzene xerogel
ambidextrous displaying a rare ability to gel both organic prepared from 5 wt % gel shows intertwined network of
and aqueous solvents. S&k7bis also capable of gelling  fibers with diameter of~0.12 um often bundled to form
pure water at high concentration (10 wt %). Sifd@rbis thicker fibers (Figure 3c). It is interesting to note that, only
the most efficient gelator and gels at low concentration are in the case of DMSO/water gel, twisted or helical fiber can
transparent, further studies are carried out with this gel- be seen.
ator. It may be noted here that X-ray powder diffraction
To compare the thermal stability of the gel d&7bin experiments indicate that both bulk solid and xerogels of
anisole, nitrobenzene. and DMSO/water (1:1, v/v), a plot of 1a7bare amorphous in nature. This could be due to the loss
gel—sol dissociation temperatur&y) against gelator con-  of entrapped solvent molecules from the crystalline lattice
centration is examined (Figure 1). The increasédffwith during bulk solid or xerogel formation. Since bile acid and
the increase of gelator concentration indicates that the self-its salts are known to form inclusion compl&x.this
assembly in the gel state is driven by strong intermolecular observation is not unlikely. Since both DLS and SANS are
interactions. It is also noted that gel in aqueous solvent is nondestructive methods and most suitable to study gel
the strongest one among the three solvents compared.  formation in its native state, further studies are carried out
Microscopy. To see the feature of the aggregates in the to see the insights into the dynamic and morphological
gel state, optical microscopy is performed on a gelafb behavior of the aggregate in the gel state.
(5 wt %, in DMSO/water (1:1, v/v)). Intertwined network DLS. Figure 4 shows the variation of the time-averaged
of several micrometer-long fibers, often branched, are easily scattered intensity]l{, during cooling process. The gelator
seen in the optical micrograph (Figure 2). concentrationC, is 0.5 wt %, and the cooling rate is fixed
To see further details of the fibers at high resolution, AFM at 0.1°C/min. As clearly shown[IF increases drastically
images are recorded on xerogelslaf7b (Figure 3). Fibrous at ~2.3 h from the start of cooling and, after a whil#3
network with submicrometer-size fibers (diameted.055 starts to fluctuate. As discussed in Theoretical Background,
um or smaller) can be seen in the xerogel obtained from 5 the abrupt increase and the fluctuationglof are generally
wt % gel in DMSO/water (1:1, v/v). The small fibers observed in gelation processes in many kinds of systéms.
apparently weave into larger bundles of fiber (diameter, It may be noted here that the decreaséliffort > 3.5 h
~0.165um) that have a distinct helical pitch (Figure 3a). is due to the opaqueness of the sample.
Fibers with wide range of dimension (diamete€).22-1.5 Figure 5a shows the variation of the initial amplitude of
um) are present in the xerogel prepared from 10 wt % gel the intensity correlation functionz?, during the cooling
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nu Figure 4. Variation of the time-averaged light scattered intendikis.
strongly scattered because the scattered light has no time
- correlation. This indicates that LMOG remains in a dispersed
£ state. In stage llg;? is close to unity, indicating a presence
-

of associated clusters correlating with each other. To our
knowledge, it is the first time the stage I, i.e., the association
stage, can be observed. The observed relaxation in the
correlogram indicates the translational diffusion of the
= clusters. In this stage, the structure grows gradually via the
formation of flexible fibrous clusters having the characteristic
relaxation time of~10 ms, which corresponds to the size of
a few tens of nanometers-long fibers. In stagedflpecomes
much less than unity. Hence, this stage is assigned to a frozen
network (or a gel staté¥. In addition, the absence of any
peak inG(T") indicates the gel network is frozen. This DLS
result is consistent with the macroscopic brittleness of LMOG
gels.
These changes igf?(7) are in good agreement with those
in [I¥. Note that the change in the transient region between
the stages | and Il is continuous and that between Il and 11l
is rather discontinuous. The former indicates that the strength
of the combination between each gelator molecule is
= governed by a delicate balance between the dominant forces,
Cuml i.e., hydrogen bonding and thermal fluctuations, and the latter
i _ _ implies that the motion of the gel network is restricted by
Figure 3. AFM micrographs of the xerogels @a7k (a) 5wt % in DMSO/ . . . .
water (1:1, viv), (b) 10 wt % in water, and (c) 5 wt % in nitrobenzene.  the Stiffness of its unit structure soon after a percolation. A
similar result was obtained for the case of lower concentra-
tion, i.e., 0.3 wt %. However, DLS measurements at higher
gconcentrations could not be conducted because of the
opaqueness of the resulting gel.

SANS. Figure 6 shows the variation of SANS profiles,
I(g)s, for the cooling process dfa7b gel in a mixture of
d-DMSO and RO (1:1, v/v) at various concentrations. At

¢high temperatures, there are no significant scatterind @pd

Lum]

process € = 0.5 wt %; cooling rate, 0.EC/min.). It is
clearly indicated that the gelation process can be classifie
to three stages, i.e., (i) induction stage (stage¥; Ty), (ii)
association stage (stageTs > T > Ty pLs), and (iii) freezing
stage of the network (stage 1My pis > T), whereT,is the
temperature of starting association afgh.s the gelation

temperature determined by DLS. Some typical examples of """ X )
the intensity correlation functiog®(z), and the distribution 1S g-independent for all of the concentrations studied here.

function of the decay rat&(I"), are shown in Figure 5bd. However, as temperature decrea:t@,suddenly increa§ed
G(I')'s at each point are obtained with a so-called at low q regions, i.e.q < 0.03 AL Interestingly,l(q) is

CONTIN (constraint regulation method) methdThe  Scaled as

position of the slope ig@(r) or the peak inG(I') indicates i L

the decay time of the relaxation mode. In stage?, is I(@~q* (@=0.03A) (7)

(26) Peters, R. IrDynamic Light Scattering: The Methods and some In addition, I(q) does n_Ot e)_(hlblt any scattering maximum.
Applications Brown, W., Ed.; Oxford University Press: Oxford, 1993.  On the other hand(q) is q independent fog > 0.03 A1
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Figure 5. (a) Variation of the initial amplitude of the intensity correlation functior®, classified to three stages. The intensity correlation funct@ir),
and the distribution function of the decay ra@&(J'), (b) at the transient region between stages | and Il, (c) in stage Il, and (d) stage IIl.
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Figure 6. Variations of the SANS intensity profiles.

due to incoherent scattering from hydrogen in the system. dence of the scattering intensity at the lowgd{g = 0.0065
These observations indicate that the scattering objects consisf ~1). As shown in the figure, the scattering intensity under-
of a two-phase structure with a sharp boundary (Porod’s goes an all-or-none transition at a temperature. This tem-
law)?”28and there is no characteristic size in the observation perature corresponds 19 p.s, i.€., the transition from stage
window. By taking account of the AFM observation, we 1l to Ill. The concentration dependence may suggest that
conclude that the scattering objects are rodlike with a broad gelation takes place by competition between the cooling rate
distribution of the radius. and the association rate of gelator molecules in the solvent.
The temperature at whidlfq) abruptly increased is con-  In other words, the higher the concentration, the higher the
centration dependent. Figure 7 shows the temperature depenassociation rate resulting in gelation at a higher temperature.

(27) Porod, GKolloid Z. 1951 124, 83. (30) Okabe, S.; Andoh, K.; Hanabusa, K.; Shibayama,JJMPolym. Sci.,
(28) Porod, GKolloid Z. 1952 125 51. Part B, Polym. Phys. EQR004 42, 1841.
(29) Terech, P.; Ostuni, E.; Weiss, R. G. Phys. Chem1996 100, (31) Shibayama, M.; Nagao, M.; Okabe, S.; KarinoJTAppl. Crystallogr,

3759. submitted.
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Figure 8. (a)I(qg)'s for C= 0.5, 1 and 5 wt % systems after subtraction

of incoherent scattering. (b) SANS intensities dividedy

Figure 8a shows$(qg)s forC = 0.5, 1, and 5 wt % LMOG

solutions observed at 1. Here, the incoherent scattering

Dastidar et al.

arising from hydrogen is subtracted by calculation where
multiple scattering form hydrogen containing materials is
taken into account Note that theg relationship is clearly
observed for all of the concentrations. Figure 8b shows
reduced scattering functions with respec€tdnterestingly,

all the scattering intensity functions are superimposed to each
other by scaling withC. This indicates that the structures of
gels are self-similar irrespective of gelator concentration at
least forC = 0.5 wt %. This also supports the AFM
observation, i.e, an assembly of fibrous clusters having a
wide range of thickness randomly oriented in the space. Such
kinds of assembly of LMOG are also reported in the
literaturg20:29:30

Conclusions

A combinatorial library of secondary ammonium salts of
bile acids has been demonstrated to be a facile preparation
method of a new class of gelators. That 1D hydrogen-bonded
network promotes gelation whereas the 2D and 3D networks
either produce weak gel or do not promote gelation at all
seems to be a good working hypothesis. It is also notable
that many of the gelators are ambidextrous displaying a rare
ability to form gel with both organic and aqueous solvents.
From the DLS and SANS investigations, it is concluded that
the gelation process can be classified into three stages () a
dispersion of LMOG molecules (solution), (II) fibrous
structures of the associations (pregel), and (lll) a pseudoin-
finite network (gel). During stage Il, the structure grows
gradually via formation of flexible fibrous clusters having
the characteristic relaxation time 6f10 ms, which corre-
sponds to the size of a few tens of nanometers-long fibers.
Soon after percolation, fibrous network with a sharp bound-
ary is formed and the network loses its mobility. SANS
results also indicate that the gel network consists of rodlike
aggregate with broad distribution of radius, which is in good
agreement with the AFM observation.
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