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A B S T R A C T

Five naphthalene-type chalcone organogelators with different hydrophobic alkyl units, were designed and
synthesized. The prepared organogelators demonstrated excellent gel properties in some selected solvents, such
as cyclohexane, tert-Butanol, isooctane, and isopropanol etc. The results for thermal stability showed that the
alkyl chain length attached to the chalcone also had an important influence on the gelation behavior. Under
identical concentrations increasing the length of alkyl chains of the gel molecules and then the gel-to-sol
transition temperature value is increased too. It has found that the hydrogen bonding between molecules, the
van der Waals force and the π-π stacking provide multiple driving forces for gel self-assembly using various
techniques. The morphology of the xerogel was investigated by Scanning Electron Microscope (SEM). As the
length of the carbon chain increases, the dry gel tends to form a lamellar network structure. The UV–vis ab-
sorption and emission spectra of the gel molecules were also studied.

1. Introduction

Low molecular weight organogels (LMOG) [1–8] are an important
class of soft materials that have been synthesized in recent years due to
their template synthesis in drug delivery systems, gene therapy, tissue
repair, enzyme immobilization, biomedical fields and nanoporous ma-
terials. It is important to design a suitable gel molecule, including H
bond formation sites and π-π stacking units, including van der Waals
forces, electrostatic attraction and hydrophobic interactions necessary
for gelation [9–13]. The gel is formed by fractionally assembling a low
molecular weight organogel agent into a structure such as "crystal",

"belt", "rod" and "tube" in a suitable solvent. In addition to the non-
covalent interactions between gel molecules, their affinity for solvent
molecules is an important factor in the gelation process. The xerogel
helps us better understand the internal structure of the organogels,
usually by freeze drying to prepare a xerogel. Low molecular mass or-
ganogels have received considerable attention recently on account of
their unique features and potential applications for polymeric meso-
porous materials [14–16], as templates for silica nanotubes [17], drug
delivery [18–20], separations and biomimetics. The self-assembly of
such nanoscale supramolecular structures may be important for the
production of functional nanomaterials [21–23]. Gel molecules self-
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assemble through highly specific interactions, which allows for pre-
ferential one-dimensional growth [24,25]. This one-dimensional
growth usually results in the formation of rods, bands or layers. The
elongated object is attached to a three-dimensional network of en-
capsulating solvents to prevent liquid flow.

It has been found that Chalcone itself comprises of two benzene
rings linked together by a conjugated enone and does not show any
aggregation. They exhibit a broad spectrum of biological activities such
as anti-inflammatory [26,27], anti-tuberculosis [28,29], antifungal
[30,31], antimalarial [32], anti-leishmanicidal [33], anti-cancer
[34–38] and anti-oxidant activity [39–42].

In this work, we synthesized two series of organogel-based com-
pounds based on chalcone units and studied the supermolecule as-
sembly of their molecular structures. We will demonstrate that the in-
troduction of a methoxy group on one side and the introduction of an
alkoxy group in the opposite direction results in the aggregation of the
resulting molecule and the hydroxyl group of the hydroxychalcone
substituted by an alkoxy group in various solvents.

2. Experimental section

2.1. Materials and methods

2-acetyl-6-methoxynaphthalene (98%), p-hydroxybenzaldehyde
(98.5%), 9-furaldehyde, n-octanol, dodecanol, cetyl alcohol, hydrogen
bromide was purchased from suppliers. It can be used without further
purification. The solvent used for the gelation study was of the AR
grade.

2.2. Synthesis of compounds F2a-2e

According to Scheme 1, compounds F2a-2e comprising a chalcone

unit and a long alkoxy chain were prepared as potential organogels.
Compound M1, H1, H2 improved synthesis according to literature
[43,44]. In the compound F2a-2c, a methoxy group is introduced on one
side and an alkoxy group is introduced in the opposite direction; in the
compound F2d-2e, a hydroxy group in the hydroxychalcone is sub-
stituted with an alkoxy group.

2.2.1. Synthesis of (E)-3-(4-(octyloxy) phenyl)-1-(6methoxynaphthalen-2-
yl)prop-2-en-1-one(F2a)

Potassium carbonate (4.0 g, 30mmol) and Potassium iodide (4.0 g,
30mmol) were added to a solution of M1 (3.04 g, 10mmol) in acetone
(30ml) at room temperature. After being stirred for 2 h, M2 (2.32
g12mmol) was added dropwise. The reaction mixture was stirred at
80℃ for 24 h. After completion of the reaction, it was filtered while hot
and the solution was evaporated. The obtained solid was dissolved in
chloroform, suction filtered, and the filtrate was washed three times
with saturated brine and saturated sodium hydrogen sulfate and dried
over anhydrous magnesium sulfate. The crude product was purified by
a chromatography column (petroleum ether: ethyl acetate= 30:1) to
afford compound F2a (yield: 75%). m.p. 90–93℃. 1H NMR (400MHz,
CDCl3): δH ppm 8.46 (s, ArH, 1 H), 8.08 (dd, J=1.2, 5.6 Hz, ArH, 1H),
7.87 (d, J=6Hz, ArH, 1H), 7.84 (d, J=10.4 Hz, olefinic proton, 1H),
7.80 (d, J=5.6 Hz, ArH, 1H), 7.62 (d, J=5.6 Hz, ArH, 2H), 7.56 (d,
J=10.4 Hz, olefinic proton, 1H), 7.20 (dd, J=1.6, 6 Hz, ArH, 1H),
7.16 (d, J=1.6 Hz, ArH, 1H), 6.93 (d, J=5.6 Hz, ArH, 2H), 3.94 (s,
3H), 3.88 (m, overlap, OCH2, 2H), 1.75–1.49 (t, OCH2 CH2, 2H),
1.47–0.92 (m, alkyl chain proton, 10H), 0.91(t, CH3, 3H). 13C NMR
(100MHz, CDCl3): δC ppm 189.9, 161.5, 159.6, 144.4, 137.1, 131.1,
130.2, 129.7, 127.5, 127.2, 125.3119.5, 114.9, 105.8, 77.2, 77.0, 76.8,
70.7, 55.4, 39.3, 30.5, 29.1, 23.8, 23.0, 14.1, 11.1. HR-ESI-MS calcu-
lated for [M+H]+ 416.2479, found 417.3089.

Scheme 1. Synthesis route of chalcone gel molecule F2a-2e.
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2.2.2. Synthesis of (E)-3-(4-(dodecyloxy) phenyl)-1-(6-
methoxynaphthalen-2-yl)prop-2-en-1-one(F2b)

This compound was synthesized by the same procedure described
for the synthesis of F2a from M1 (3.04 g, 10mmol), Potassium carbonate
(4 g, 30mmol), Potassium iodide (4 g, 30mmol), M2 (2.99 g, 12mmol)
in acetone (30mL) at 80 °C (yield: 71%). m.p. 111–114℃. 1H NMR
(400MHz, CDCl3): δH ppm 8.46 (s, ArH, 1H), 8.08 (dd, J=1.2, 5.6 Hz,
ArH, 1H), 7.86 (d, J=6Hz, ArH, 1H), 7.83 (d, J=10.4 Hz, olefinic
proton, 1H), 7.80 (d, J=6Hz, ArH, 1H), 7.61 (d, J=6Hz, ArH, 2H),
7.55 (d, J=10.4 Hz, olefinic proton, 1H), 7.20 (dd, J=1.6, 6 Hz, ArH,
1H), 7.16 (d, J=1.6 Hz, ArH, 1H), 6.93 (d, J=6Hz, ArH, 2H), 3.99
(m, overlap, OCH2, 2H), 3.94 (s, 3H), 1.79 (t, OCH2 CH2, 2H),
1.47–1.26 (m, alkyl chain proton, 26H), 0.88(t, CH3, 3H). 13C NMR
(100MHz, CDCl3): δC ppm 189.9, 161.3, 159.6, 144.4, 137.1, 131.1,
130.2, 129.7, 127.9, 127.2, 125.3, 119.6, 119.5, 114.9, 105.8, 77.2,
76.9, 76.8, 68.2, 55.4, 31.9, 29.6, 29.6, 29.6, 29.5, 29.4, 29.3, 26.0,
14.1. HR-ESI-MS calculated for [M+H]+ 472.3061, found 473.2963.

2.2.3. Synthesis of (E)-3-(4-(hexadecyl oxy)phenyl)-1-(6-
methoxynaphthalen-2-yl)prop-2-en-1-one(F2c)

This compound was synthesized by the same procedure described
for the synthesis of F2a from M1 (3.04 g, 10mmol), Potassium carbonate
(4 g, 30mmol), Potassium iodide (4 g, 30mmol), M2 (3.66 g, 12mmol)
in acetone (30mL) at 80 °C (yield: 75%). m.p. 114–117℃. 1H NMR
(400MHz, CDCl3): δH ppm 8.46 (s, ArH, 1H), 8.08 (dd, J=1.2, 5.6 Hz,
ArH, 1H), 7.87 (d, J=5.6 Hz, ArH, 1H), 7.83 (d, J=10.4 Hz, olefinic
proton, 1H), 7.80 (d, J=5.6 Hz, ArH, 1H), 7.62 (d, J=5.6 Hz, ArH,
2H), 7.56 (d, J=10.4 Hz, olefinic proton, 1H), 7.20 (dd, J=1.6, 6 Hz,
ArH, 1H), 7.16 (d, J=1.6 Hz, ArH, 1H), 6.93 (d, J=5.6 Hz, ArH, 2H),
4.00 (m, overlap, OCH2, 2H), 3.95 (s, 3H), 1.80 (t, OCH2 CH2, 2H),
1.46–1.26 (m, alkyl chain proton, 26H), 0.88(t, CH3, 3H). 13C NMR
(100MHz, CDCl3): δC ppm 189.9, 161.3, 159.6, 144.4, 137.1, 131.1,
130.2, 129.7, 127.9, 127.2, 125.3, 119.6, 119.5, 114.9, 105.8, 77.2,
76.9, 76.8, 68.2, 63.1, 55.4, 31.9, 29.7, 29.7, 29.6, 29.6, 29.4, 29.4,
26.0, 22.7, 14.1. HR-ESI-MS calculated for [M+H]+ 528.3642, found
529.3498.

2.2.4. Synthesis of (E)-3-(anthracen-9-yl)-1-(6-(dodecyloxy)naphthalen-
2-yl)prop-2–en-1-one(F2d)

This compound was synthesized by the same procedure described
for the synthesis of F2a from H2 (3.74 g, 10mmol), Potassium carbonate
(4 g, 30mmol), Potassium iodide (4 g, 30mmol), M2 (2.99 g, 12mmol)
in acetone (30mL) at 80 °C (yield: 75%). m.p. 91–94℃.1H NMR
(400MHz, CDCl3): δH ppm 8.84 (d, J=10.4 Hz, olefinic proton, 1H),
8.48 (d, J=8.8 Hz, ArH, 2H), 8.35 (d, J=5.6 Hz, ArH, 2H), 8.16 (dd,
J=1.2, 6 Hz, ArH, 1H), 8.03 (d, J=4.8 Hz, ArH, 2H), 7.81 (d,
J=6Hz, ArH, 2H), 7.72 (d, J=10.4 Hz, olefinic proton, 1H), 7.54 (dd,
J=0.8, 4.4 Hz, ArH, 1H), 7.50 (m, ArH, 2H), 7.19 (dd, J=1.6, 6 Hz,
ArH, 1H), 7.16 (d, J=1.2 Hz, ArH, 1H), 4.10 (m, overlap, OCH2, 2H),
1.86 (t, OCH2 CH2, 2H), 1.52–1.27 (m, alkyl chain proton, 26H), 0.88(t,
CH3, 3H). 13C NMR (100MHz, CDCl3): δC ppm 189.1, 159.5, 131.3,
131.1, 131.1, 130.4, 129.7, 128.9, 127.4, 126.4, 125.4, 125.2, 120.1,
106.5, 77.2, 77.0, 76.8, 68.2, 31.9, 29.7, 29.6, 29.6, 29.6, 29.4, 29.3,
29.1, 26.1, 22.7, 14.1. HR-ESI-MS calculated for [M+H]+ 542.3232,
found 543.3232.

2.2.5. Synthesis of (E)-3-(anthracen-9-yl)-1-(6-(hexadecyloxy)
naphthalen-2-yl)prop-2-en-1-one (F2e)

This compound was synthesized by the same procedure described
for the synthesis of F2a from H2 (3.74 g, 10mmol), Potassium carbonate
(4 g, 30mmol), Potassium iodide (4 g, 30mmol), M2 (3.66 g, 12mmol)
in acetone (30mL) at 80 °C (yield: 75%). m.p. 126–129℃.1H NMR
(400MHz, CDCl3): δH ppm 8.84 (d, J=10.4 Hz, olefinic proton, 1H),
8.48 (d, J=8.8 Hz, ArH, 2H), 8.35 (d, J=5.6 Hz, ArH, 2H), 8.16 (dd,
J=0.8, 5.6 Hz, ArH, 1H), 8.03 (d, J=5.2 Hz, ArH, 2H), 7.81 (d,
J=6Hz, ArH, 2H), 7.72 (d, J=10.4 Hz, olefinic proton, 1H), 7.54 (dd,

J=0.8, 4.4 Hz, ArH, 1H), 7.50 (m, ArH, 2H), 7.19 (dd, J=1.6, 6 Hz,
ArH, 1H), 7.16 (d, J=1.6 Hz, ArH, 1H), 4.09 (m, overlap, OCH2, 2H),
1.86 (t, OCH2 CH2, 2H), 1.50–1.26 (m, alkyl chain proton, 26H), 0.88(t,
CH3, 3H). 13C NMR (100MHz, CDCl3): δC ppm 189.1, 159.5, 141.4,
131.3, 131.1, 130.4, 129.7, 128.9, 127.4, 126.4, 125.4, 125.2, 120.1,
106.5, 77.2, 77.0, 76.8, 68.2, 31.9, 29.7, 29.7, 29.6, 29.6, 29.5, 29.4,
29.3, 26.1, 22.7, 14.1. HR-ESI-MS calculated for [M+H]+ 598.3876,
found 599.4378.

2.3. Gelation test

Weigh 0.0025 g of compound F2a-2e, put it into a small reagent
bottle [3 cm (height) × 0.5 cm (radius)], and add 0.25 ml of organic
solvent (corresponding concentration is 1%, g/ml) under closed con-
ditions. It was completely dissolved by heating, and after standing, it
was cooled to room temperature. Invert the cooled glass bottle and
observe the solution flow. If the solution does not flow, it means that
the solution forms a gel during the cooling process, denoted as G; if the
solution and solid coexist, it means that part of the gel is formed and
recorded as PG; after cooling to room temperature, it is still a solution,
expressed as S. The gel forming solvent was further measured to de-
termine the minimum gel concentration [45].

2.4. Characterizations

1H NMR and 13C NMR spectra were measured on a Bruker Avance
400 (400MHz) spectrometer using deuterated chloroform (CDCl3) as
solvent and using tetramethylsilane (TMS) as an internal standard. 1H
and 13C NMR chemical shifts were reported relative to TMS. The cou-
pling constant (J) is expressed in Hz and the chemical shift (d) is ex-
pressed in ppm. SEM images were recorded on JSM-6701F cold field
emission scanning electron microscope. X-ray diffraction (XRD) pat-
terns were recorded by Bruker Xps GADDS. HRMS spectra were re-
corded on the Bruker Daltonics Esquire 6000. FT-IR spectra were re-
corded on the Fourier Transform Infrared Spectrometer from Nicolet,
USA. Scanning electron microscope (SEM) were recorded by JSM-670F.

3. Results and discussion

3.1. Synthesis

Compound F2a-2e was prepared as a potential organogel according to
Scheme 1, and all compounds were verified by 1H RMS, 13C RMS and
HRMS to confirm the correct structure.

3.2. Gelation study

The experimental results are shown in Table 1. As can be seen from
Table 1, the compounds F2a-2c can form a gel in alcohols, alkanes and
acetone. F2d does not form a gel in any solvent, F2e can only form a gel
in alcohols, and there is no gelation ability in other solvents. This may
be related to the position at which the alkoxy group is located. When
the alkoxy group is located on the benzene ring in the chalcone unit, it
exhibits good gelation ability, for example, F2a-2c; However, when the
alkoxy group is located on the naphthalene ring in the chalcone unit, it
has no gelling ability, for example, F2d; when the alkoxy chain is long, it
exhibits a weak gelling ability such as F2e. Therefore, the melting
temperature of the compound F2a-2e was further investigated.

3.3. Transition temperatures study

Table 2 lists the solubilization temperatures of the compounds F2a-2e
in the gel-solution phase transition. As can be seen from the table, the
compound F2a-2c as a whole exhibit a tendency to increase in tem-
perature, because as the alkyl chain grows, the gel becomes more and
more stable, so the temperature tends to increase. The gel molecule F2c
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has the same long alkyl chain as F2e. Since the conjugation of the
chalcone structure in the gel molecule F2e is more stable, the gel mo-
lecule F2e has a higher melting temperature.

As can be seen from the table, F2a is in cyclohexane; F2b is in tert-
butanol; F2c is in isooctane; F2e iso-propanol is relatively high in tem-
perature.

The gel formed by the gel molecule F2a-2c in an organic solvent is
shown in Fig. 1, where in the gel formed by F2b in a tert-butanol solvent
is a pale-yellow gel; the gels formed by F2a is in cyclohexane and F2c in
isooctane were all white gels. Fig. 2 is a gel-solution phase transition
diagram of the F2e-iso-propanol system. Taking these four gels as ex-
amples, we examined some basic properties of the gel.

3.4. Fluorescence performance study

Because gel molecules have potential application value in the fields
of fluorescent switches and sensors. So, we further explored the fluor-
escent properties of compound F2a-2c. Fig. 3 shows the UV absorption

spectra of F2a-cyclohexane, F2b-tert-butanol, and F2c-n-butanol. The
cyclohexane solution of F2a has a strong absorption peak at 230 nm,
271 nm, and 335 nm, and in the ultraviolet spectrum of F2b-tert-butanol
and F2c-n-butanol system, the positions of the peaks are red-shifted to
different degrees, and the peaks at 335 nm are red-shifted to 357 nm
and 361 nm, respectively. This red shift may be related to the length of
the alkyl chain introduced.

In the fluorescence spectrum, the fluorescence intensity of the F2a-
cyclohexane solution gradually decreased with the increase of the
concentration until the final gradual but no red shift, indicating that in
the solution system, the molecular collision degree increases, resulting
in fluorescence intensity. When the concentration of F2b-tert-butanol
system increases, the emission peak shifts from 410 nm to 440 nm, and
the fluorescence quenches, indicating that the gel molecule π system is
enhanced, and π-π occurs during gel formation (Fig. 4).

3.5. Fourier Transform Infrared Spectrometer (FT-IR) studies

To confirm the presence of intermolecular hydrogen bonds in the
system, F2a-cyclohexane xerogel, F2b-tert-butanol xerogel, F2c-isooctane
xerogel and F2e-iso-propanol xerogel were tested by FT-IR spectroscopy.
The molecular characteristic absorption signals in the monodispersed
state are: CeH stretching vibration peak appears at about 3000 cm−1,
C]O double bond stretching vibration appears at around 1690 cm−1,
and CeO bond stretching vibration appears at 1250 cm−1. As shown in
Fig. 5, the CeH stretching vibrations in the four samples F2a-2c and F2e
(in order of 2923 cm−1, 2922 cm−1, 2920 cm−1, 2920 cm−1) and the
stretching vibration of C]O double bond (in order of 1623 cm−1,
1616 cm−1, 1614 cm−1, 1620 cm−1), the absorption peaks move in the
direction of decreasing wave number. The stretching vibration of the
CeO bond (in order of 1254 cm−1, 1261 cm−1, 1257 cm−1, and
1266 cm−1) shifts in the direction of increasing wave number. These
movements indicate intermolecular hydrogen in the gel molecule.
Based on the structure of the molecule, it is inferred that the gel mo-
lecules may form aggregate structures primarily by self-assembly of
intermolecular hydrogen bonding and van der Waals forces between the
alkyl chains. At the same time, it can be seen from the absorption

Table 1
Gelation test results of compound F2a-2e (1%).

Solvent result

F2a F2b F2c F2d F2e

ethanol PG PG G S PG
iso-propanol G PG PG PG G
tert-butanol G G PG PG G
n-butanol S G G PG G
n-pentanol PG G G PG G
n-heptane G G PG PG PG
isooctane G G G PG PG
acetone S G S S S
ethyl acetate S S S S S
ethyl acetoacetate S PG S S PG
cyclohexane G PG PG S S
diethyl malonate S S S S S
dichloromethane S S S PG S
chloro-n-butane S PG S S S
tert-amyl alcohol PG PG PG S S

S= solution; G=gel; PG=partial gel. Critical gelation concentration (CGC) is
presented in parentheses [% (w/v)].

Table 2
Compound F2a-2e transition temperature.

Solvent Tgel (℃)

F2a F2b F2c F2d F2e

ethanol / / 80℃ / /
iso-propanol 66℃ / / / 90℃
tert-butanol 65℃ 84℃ / / 82℃
n-butanol / 75℃ 85℃ / 86℃
n-pentanol / 75℃ 82℃ / 83℃
n-heptane 63℃ 77℃ / / /
isooctane 68℃ 63℃ 85℃ / /
acetone / 82℃ / / /
cyclohexane 73℃ / / / /

Fig. 1. F2a-cyclohexane, F2b-tert-butanol, F2c-isooctane gel diagram.

Fig. 2. Gel-sol conversion diagram of gel molecule F2e-iso-propanol.

Fig. 3. UV absorption spectrum of F2a-cyclohexane, F2b-tert-butanol and F2c-n-
butanol.
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intensity of F2a-2c that as the alkyl chain grows, the absorption intensity
increases, indicating that the longer the alkyl chain, the greater the
intermolecular hydrogen bonding.

3.6. X-ray diffraction (XRD) studies

The powdered X-ray diffraction was used to analyze the accumu-
lation of gel molecules F2a-2c xerogels and F2e xerogel as shown in
Fig. 6: F2a-cyclohexane xerogel sample in the small corner area

2θ=3.5°(2.49 nm) has a strong diffraction peak, indicating that the F2a
xerogel molecule is fully extended in the gel, and a wide diffraction
peak in the wide-angle region, indicating that the alkyl chains are
disorderly stacked up. The accumulation of gel molecules is loose,
which may be due to the disordered stacked up of the alkyl chains
weakening the Intermolecular hydrogen bonding, resulting in a looser
stacked up. The diffraction peak of F2b-tert-butanol xerogel disappears
in the wide-angle region, and becomes a large peak package, indicating
that the arrangement of molecules is relatively disordered. However,
there are several spikes in the small-angle region, indicating that based
on intermolecular hydrogen bonds is relatively tight, which is sig-
nificantly different from the way in which F2a molecules are stacked.
The F2c-isooctane xerogel sample exhibited many sharp diffraction
peaks, indicating that the aggregate structure in the gel was tightly
packed. Three higher diffraction peaks can be seen from the figure, and
the corresponding d values are 2.38 nm, 1.16 nm, 0.76 nm, in ac-
cordance with (1/1): (1/2): (1/3), indicating that the xerogel molecules
are layered stacked to approximate the crystalline structure, which is
also related to the results obtained by SEM were consistent. The F2e-iso-
propanol xerogel sample has a strong diffraction peak at 2θ=8.3° in
the small corner region, indicating a fully extended conformation in the
xerogel, and many sharp diffraction peaks in the wide-angle region, it
shows that the aggregate structure in the gel is tightly packed, which is
similar to the crystalline structure, which is also consistent with the
results observed by SEM. From the diffraction pattern of the F2e-iso-
propanol xerogel, it can be seen that the corresponding d value is
0.34 nm at 2θ=26.64°. It was shown that a π-π stacking occurred
between the naphthalene rings in the molecular structure of the gel.

3.7. Scanning electron microscope (SEM) studies

The microscopic morphology of the dry gel formed by chalcone
organogel in different solvents was observed by cold field scanning
electron microscopy. The result is shown in Fig. 7, as can be seen from
the figure, the gel molecule F2a forms a micro-scale rod-like structure in
a cyclohexane solvent. These rod-like structures are entangled with
each other through a plurality of nodes to form a stable spatial network
structure and form stable gel together with cyclohexane. The gel mo-
lecule F2b forms a regular band-like structure in tert-butanol, when it is
magnified 2000 times, a relatively complete spatial network structure
can be seen; when the magnification is 10,000 times, it can be seen that
these band-like stacks are Tighter. The gel molecule F2c tends to form a
lamellar structure in an isooctane solvent, but belongs to an irregular
lamellar structure, and the aggregate structure is closely packed, which

Fig. 4. Fluorescence titration of F2a-cyclohexane and F2b-tert-butanol.

Fig. 5. Infrared spectrum of chalcone gel molecule F2a-2c and F2e xerogel.

Fig. 6. XRD spectra of chalcone gel molecule F2a-2c and F2e and xerogel.
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is a structure similar to a crystalline state. It has been shown that for the
same substituent, the longer the alkyl chain is, the more likely it is to
form a sheet structure. The microstructure of F2e-iso-propanol xerogel is
lamellar, and it can be clearly seen when it is magnified 5000 times,
layered structures that are intertwined to form a fiber network back-
bone through which the solvent is encapsulated to form a gel.

3.8. Self-assembly of chalcone gel molecules

Through FT-IR, XRD test and characterization, it is found that the
gel molecule F2a-2c and F2e were formed by self-assembly in an organic
solvent through intermolecular hydrogen bonding, π-π stacking and
van der Waals interaction. It is concluded by SEM that the F2a forms a
micron-scale rod-like structure in cyclohexane solvent; the gel molecule
F2b forms a regular band structure in tert-butanol; the gel molecule F2c
tends to form a lamellar structure in isooctane solvent and the gel
molecule F2e tends to form a layered structure in isopropanol solvent.
As shown in Fig. 8, we boldly speculated on the self-assembly test of the
gel molecule F2a-2c and F2e.

4. Conclusion

In summary, five potential chalcone gels were designed and syn-
thesized. Gelation tests in various solvents have shown that the differ-
ence in alkyl chain length associated with chalcone also plays an im-
portant role in gelation behavior. Under identical concentrations
increasing the length of alkyl chains of the gel molecules and then the
gel-to-sol transition temperature value is increased too. In addition,
studies on the morphology of xerogels have shown that organogels are
all composed of lamellar fiber structures. Based on FT-IR and XRD
characterization and our discussion, mechanisms for forming

organogels have been proposed. This research provides useful insights
into the development and design of supramolecular soft materials.
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Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.colsurfa.2019.06.010.

The 1H NMR and 13C NMR of the intermediates M1、H1、H2 and
the gel molecules F2a-2e are detailed in the Supporting information.
These materials are available free of charge via the Internet.

Fig. 7. SEM image of Chalcone gel molecule F2a-2c and F2e xerogel.

Fig. 8. Self-assembly method for gel molecules F2a-2c and F2e.
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