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A new 1,8-naphthalimide derivative was prepared in which the C-4 position was substituted by pyridin-4-ol. This derivative 
shows good gelation property that can gelate most of polar solvents. As an achiral molecule, helical fibre morphology was ob-
served when the compound gelated acetone solvent. When 0.5 eq of D-tartaric acid or L-tartaric acid was added to the gel, the 
helical morphology was changed from left-handed to right-handed structure. This result was further proved by circular dichroism 
measurement. FT-IR experiment showed the formation of intermolecular H-bond between the gelator and tartaric acid. The pho-
tophysical properties of gelator had no difference before and after addition of tartaric acid; whereas the lamellar structure was 
varied by addition of tartaric acid. 
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Low molecular mass organogels (LMOGs) are attractive due to 
their diverse application in medicine, sensors, water purifica-
tion, optical-electric device, oil storage, catalysis, etc [1]. Those 
LMOGs are made by the fine control of the self-assembly in 
supramolecular systems for the desired outcome which is a 
challenge to chemists. Recently, chiral supramolecular assem-
blies have attracted widespread attention due to potential ap-
plications in enantioselective catalysis [2–4], molecular recog-
nition [5], etc. In general, chiral components are easily assem-
bled into chiral supramolecular systems. So far, several papers 
have reported chiral assembly formation from completely 
achiral molecules induced by certain chiral substrates [6]. But 
the chiral supramolecular assembly is spontaneous. The regula-
tion of supramolecular chirality is important for chiral assem-
bly application in material science.  

Tartaric acid (TA) and its derivatives are very popular 
and important compounds as chiral reagents for the separa-
tion of enantiomer due to their wide variety of sources and 

low cost [7]. Tartaric acid was applied to supramolecular 
self-assembly as a neoteric and grateful proton donor with 
two carboxylic acid and two hydroxyl groups of the sym-
metrical structure [8]. Huc et al. [9] prepared tartaric acid 
ramifications which could gelate organic solvents and water, 
assembling into twisted ribbons. Shinkai and co-workers 
[10] have previously reported double helical silica fibrils 
with the same system. In one recent example, a highly fluo-
rescent chiral organogel with transparency was prepared via 
H-bonding between tartaric acid and achiral gelator con-
taining pyridine group [11]. In this work, we sought to in-
vestigate the chiral supramolecular self-assemble from the 
achiral gelator molecular via addition of D-tartaric acid 
(D-TA) and L-tartaric acid (L-TA). 

1  Experimental 

1.1  Materials 

All starting materials were obtained from commercial 
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suppliers and used as received. D- and L-tartaric acid (97%) 
were provided from Fluka. Dicyclohexylcarbodiimide (99%) 
were obtained from Acros. Pyridin-4-ol (CP), ethane-1,2- 
diamine (98.5%), 1-bromododecane (99%), 4-bromo-1,8- 
naphthalic anhydride (95%), triethylamine (AR), 1-hyd- 
roxybenzotriazole (95%), methyl 3,4,5-trihydroxybenzoate 
(AR) and 6-aminohexanoic acid (AR) were supplied from 
Sinopharm Chemical Reagent Co., Ltd. (Shanghai). Column 
chromatography was carried out on silica gel (200300 
mesh). 

1.2  Synthesis 

Compounds 3 and 4 were synthesized according to the ref. 
[12].  

Compound 5: A mixture of 4 (2.0 g, 4.95 mmol), LiOH 
(8.32 g, 198 mmol) in water (30 mL) and THF (30 mL)  
was stirred at room temperature for 48 h. The reaction mix-
ture was concentrated in vacuo. The solution was acidified 
with concentrated hydrochloric acid to pH 2–3. The precip-
itate was collected by filtration to afford 5 (yield 85.7%) as 
a pale solid. M.p. 147–148°C, 1H NMR (400 MHz, 
DMSO-d6):  11.940 (s, 1H), 8.477 (d, 1H, J = 7.6 Hz), 
8.443 (d, 1H, J = 8.8 Hz), 8.236 (d, 1H, J = 8 Hz), 8.126 (d, 
1H, J = 8 Hz), 7.921 (t, 1H, J = 7.8 Hz),  3.957 (t, 2H, J = 
7.4 Hz), 2.172 (t, 2H, J = 7.4 Hz), 1.585 (m, 2H), 1.508 (m, 
2H), 1.303 (m, 2H); 13C NMR (100 MHz, DMSO-d6):

  
175.0, 163.4,133.1, 132.1, 131.9, 131.5, 130.3, 131.9, 131.5, 
130.3, 129.6, 129.3, 128.8, 122.5, 40.5, 34.0, 27.7, 26.5, 24.7. 
HRMS (ESI+) calcd. for C18H16BrNNaO4 [M+Na+]: 412.0160; 
found: 412.0160.  

Compound 6: A mixture of 5 (1.5 g, 3.84 mmol), 3 (3.03 
g, 4.22 mmol), dicylohexylcarbodiimide (DCC) (2.38 g, 
11.52 mmol), 1-hydroxybenzotriazole (HOBt) (1.56 g, 
11.52 mmol) and Et3N (1.29 mL, 11.52 mmol) in anhydrous 
THF (50 mL) was stirred for 24 h under nitrogen atmos-
phere. The reaction mixture was concentrated in vacuo to 
give crude compound, which was purified by column chro-
matography (SiO2 gel; CHCl3/MeOH = 50:1, v/v) to give 6 
(2.5 g, 60.0%) as a pale solid. M.p. 225–226°C; 1H NMR  
(400 MHz, CDCl3):  8.63 (d, 1H, J = 8 Hz), 8.58 (d, 1H, J 
= 8 Hz), 8.39 (d, 1H, J = 8 Hz), 8.04 (d, 1H, J = 8 Hz), 7.84 

(t, 1H, J = 8 Hz), 7.02 (s, 2H), 7.30 (s, 1H), 6.43 (s, 1H), 
4.12 (t, 2H, J = 8 Hz), 4.00 (t, 4H, J = 8 Hz), 3.95 (t, 2H, J 
= 8 Hz), 3.53 (s, 4H), 2.25 (t, 2H, J = 8 Hz), 1.78–1.71 (m, 
10H), 1.44 (m, 8H), 1.26–1.24 (m, 48H), 0.87 (t, 9H, J = 8 
Hz). 13C NMR (100 MHz, CDCl3):  174.9, 168.1, 163.7, 
153.1, 140.9, 133.4, 132.1, 131.3, 131.2, 130.7, 130.4, 
129.0, 128.8, 128.2, 123.0, 122.2, 105.5, 73.5, 69.2, 41.7, 
40.2, 39.8, 36.4, 32.0, 30.4, 29.8, 29.5, 27.6, 26.5, 26.2, 
25.2, 22.8, 14.2. HRMS (ESI+) calcd. for C63H98BrN3NaO7 
[M+Na+]: 1110.6486; found: 1110.6476.  

Target compound 1: 6 (1.5 g, 1.37 mmol), pyridin-4-ol 
(0.29 g, 3.03 mmol) and K2CO3 (0.57 g, 4.13 mmol) were 
mixed in DMF (30 mL). The reaction mixture was stirred 
for 3 h under a nitrogen atmosphere at 100°C. Then the sol-
vent was removed under reduced pressure and the residue 
was subjected to column chromatography (CH2Cl2-MeOH: 
50/1, v/v) on silica gel to give 1 as a white powder.     
M.p. 143–145 °C; 1H NMR (400 MHz, CDCl3):  8.654 (d, 
1H, J = 8 Hz), 8.610 (d, 1H, J = 8 Hz), 7.986 (d, 1H, J = 8.4 
Hz), 7.860 (t, 1H, J = 7.8 Hz), 7.732 (d, 1H, J = 7.6 Hz), 
7.644 (d, 2H, J = 7.2), 7.344 (s, 1H), 6.947 (s, 2H), 6.655 (d, 
2H, J = 6.8 Hz), 6.485 (s, 1H), 4.172 (t, 2H, J = 7.2 Hz), 
3.983 (m, 6H), 3.521 (s, 4H), 2.274 (t, 2H, J = 7.2 
Hz),1.796 ( m, 10H), 1.467 (m, 8H), 1.272 (m, 48H), 0.893 
(m, 9H, J = 6.6 Hz). 13C NMR (100 MHz, CDCl3): 174.8, 
167.9, 163.5, 163.0, 152.9, 143.9, 141.1, 140.6, 132.4, 
131.0, 129.1, 128.8, 127.9, 127.6, 127.1, 124.7, 123.5, 
123.4, 118.8, 105.2, 73.5, 69.1, 41.8, 40.5, 39.9, 36.3, 32.0, 
30.4, 29.8, 29.5, 27.7, 26.5, 26.2, 25.2, 22.8, 14.2. HRMS 
(ESI+) calcd for C68H102N4NaO8 [M+Na+]: 1125.7595; 
found: 1125.7591. 

1.3  Characterization and measurements 

The 1H NMR (400 MHz) and 13C NMR (100 MHz) spectra 
were recorded on a Mercury plus-Varian instrument. Proton 
chemical shifts are reported in parts per million downfield 
from tetramethylsilane (TMS). HRMS was obtained on 
LTQ-Orbitrap mass spectrometer (ThermoFIsher, San Jose, 
CA). Fourier transform infrared (FT-IR) spectra were col-
lected by a Nexus 470 spectrometer (Nicolet Company), 
powder samples were prepared with KBr pellets, gel  

 

 

Scheme 1  The synthesis route of the target compound 1. 
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samples were measured by using a KBr cell. FE-SEM im-
ages were obtained using a FE-SEM S-4800 instrument 
(Hitachi). Samples were prepared by spinning the samples 
on glass slices and coating with Au. TEM was performed on 
a JEOL JEM2011 apparatus operating at 200 kV. The sam-
ples were prepared by coating the diluted wet gels on a 
copper grid at room temperature and freeze drying for 24 h. 
Powder X-ray diffractions were generated by using a Philips 
PW3830. X-ray generator (Cu target,  = 0.1542 nm) with a 
power of 40 kV and 40 mA was used. UV-Vis absorption 
spectra were recorded on a UV-Vis 2550 spectroscope 
(Shimadzu). Fluorescent spectra were recorded on an Edin-
burgh Instruments FLS 900. CD (circular dichroism) spectra 
were recorded on a MOS-450 spectropolarimeter.  

1.4  Gelation test for organic fluids  

The gelators and solvents were put in a septum-capped test 
tube and heated (>75°C) until the solid was dissolved. The 
sample vial was then cooled to 25°C (room temperature). 
Qualitatively, gelation was considered successful if no sam-
ple flow was observed upon inversion of the container at 
room temperature (the inverse flow method). 

2  Results and discussion 

The gelation ability of compound 1 was assessed by dis-
solving the compound with the concentration of 25 mg mL–1 
in a variety of solvents, as shown in Table 1. Compound 1 
could form gels in most of the polar solvents, such as 
DMSO, DMF, 1,4-dioxane, acetonitrile, acetone and meth-
anol with the moderate concentration of 25 mg mL–1. The 
compound 1 could not gelate ethanol and form a solution at 
the same concentration. The hydrogel of compound 1 was 
not obtained due to the too low solubility in water. But the 
ethanol solution of 1 was changed into a gel after addition 
of isovolumetric water. When D-TA or L-TA was added to 
the above gel, a two-component gel formed in the solvents 
listed in Table 1. The solution of compound 1 in ethanol 
also formed gel after addition of tartaric acid. Herein, we 
studied the detailed properties of gels including 1, 1+0.5 eq 
D-TA, 1+0.5 eq L-TA in acetone.  

In order to obtain a visual insight into the molecular ag-
gregation mode in the gel specimens, the morphologies of 
the xerogels were analyzed by field emission scanning elec-
tron microscopy (FE-SEM) after drying and coating with 
Au. The SEM image of xerogel 1 from acetone showed the 
characteristic entangled threadlike morphology with a width 
of around 100 nm (Figure 1(a)). When the same sample was 
observed by TEM, a right-handed helical twist in the xero-
gel fibres was seen in Figure 1(a′). In fact, the compound 1 
was an achiral molecule. Yuan et al. [13] and Zhang et al. 
[14] had reported chiral molecular assemblies from achiral 
amphiphilic imidazole-based ligand with AgNO3 in gel state 

Table 1  Gelation properties of 1 in a variety of polar solvents a) 

Solvent 1 1+ D-TA b) 1+ L-TA b) 
DMSO G (25) G (25) G (25) 
DMF G (25) G (25) G (25) 

1,4-Dioxane G (25) G (25) G (25) 
Acetonitrile G (25) G (25) G (25) 

Ethanol S G (25) G (25) 
Methanol G (25) G (25) G (25) 

H2O NS NS NS 
Acetone G (25) G (25) G (25) 

Ethanol/H2O 
(1/1, v/v) 

G (12.5) G (12.5) G (12.5) 

a) Heated to dissolve and cooled to room temperature then aged for 15 
min (25°C). b) The amount of tartaric acid was 0.5 eq of 1. G: gel; S: solu-
tion; NS: not soluble. The critical gelation concentrations of the gelators 
are given in parentheses (mg mL–1). 

 
 

and LB films, respectively. The helical structure obtained 
from the achiral molecule was possible an occurrence of 
statistical fluctuations in the intermolecular self-assembly 
process, which could lead to an accidental excess of one 
helical direction [15–18]. After one helical direction was 
formed, the new aggregates would follow to form a helical 
secondary structure along with the same direction by chiral 
autocatalysis [14]. This helical structure self-assembled by 
achiral molecules was usually accompanied by chance. 
Herein, a chiral molecule was added to the system and the 
achiral molecule self-assembly was controlled and tuned. 
The two-component gels obtained through addition of 0.5 
eq of D-TA and L-TA to 1 was investigated by FE-SEM. 
The morphology of the xerogel of 1 + 0.5 D-TA was also 
entangled fibers on the whole (Figure 1(b)). TEM image of 
a single fiber revealed that the structure was changed from 
right-handed to left-handed helical structure (Figure 1(b′)). 
This result indicated that the D-TA was a chiral center with 
which the molecular aggregation was followed. When 0.5 
eq of L-TA was added, the morphology was similar to the 
gel 1 and still kept the right-handed helical structure (Figure 
1(c) and (c′)). The analysis of these micro- or nanostructure 
revealed that the tartaric acid can guide and tune the chiral 
aggregation of molecule 1. Simultaneous, the gelation abil-
ity was not affected. 

The “supramolecular chirality” obtained by molecular ag-
gregation behavior was further studied by circular dichroism 
(CD) spectra. In the absence of tartaric acid, a weak negative 
and broad band at 400 nm in the CD spectrum of the gel 1 
indicated a helical conformation in the sol-gel process in Fig-
ure 2. The negative peak at 400 nm might correspond to the 
molecular self-assembly induced chirality on the naph-
thalimide group [19,20]. When 0.5 eq of L-TA was added to 
gel 1, the negative band at 400 nm was obviously strength-
ened, indicating that L-TA was able to enhance chirality in 
compound 1. When 0.5 eq of D-TA was added, the band at 
400 nm was changed from negative to positive, which sug-
gested that the supramolecular chirality of compound 1 was 
determined by D-TA. This result showed that tartaric acid 
acted as a chiral center for promoting compound 1 self-   
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Figure 1  SEM ((a), (b), (c)) and TEM ((a′), (b′), (c′)) images of the xerogels obtained from acetone at room temperature (25C); (a) and (a′) for gel 1, (b) and 
(b′) for gel 1+0.5 eq D-TA, c and c′ for gel 1+0.5 eq L-TA. The scale bars for (a), (a′), (b), (b′), (c) and (c′) are 2 m, 50 nm, 3 m, 100 nm, 2 m, 100 nm, re-
spectively. The concentrations of the gels are all 25 mg mL–1.  

 

Figure 2  CD spectra of gel 1, gel 1+0.5 eq D-TA, gel 1+0.5 eq L-TA in 
acetone (Cgel = 25 mg mL–1). 

assembly to a certain direction through intermolecular hy-
drogen-bond. Thus, control over the absolute helix handed-
ness of compound 1 in the self-assembly process was 
achieved by addition of pure D- or L-TA.  

The FT-IR investigation was performed in order to as-
certain how the interaction of the compound 1 and tartaric 
acid in Figure 3. The two peaks at 3338 and 1740 cm–1 were 
assigned to the absorption of OH and C=O of the tartaric 
acid carboxyl group [21]. After the tartaric acid was added 
to the gel 1 system, the above two peaks were disappeared. 
This result was side proved that tartaric acid interaction 

 

Figure 3  FT-IR spectra of tartaric acid, the xerogel 1, xergel of 1 +0.5 eq 
D-TA, xergel of 1+0.5 eq L-TA under room temperature. 

with 1 and the intermolecular H-bond formation. 
The UV-Vis absorption spectra and fluorescence emis-

sion spectra were also carried out for further understanding 
the molecular self-assembly behavior in gel state. Acetone 
has a strong absorption in ultraviolet band, so acetonitrile 
was selected as solvent in these experiments. The concen-
tration-dependent UV-Vis absorption spectra were showed 
in Figure 4(a). The absorption spectrum of the compound 1 
in acetonitrile solution showed a series of peaks at 213, 237, 
263, 350 nm. The absorption peaks had not any shift with 
the solution concentration increasing from 10–6 to 10–4  
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Figure 4  (a) Concentration dependent UV-Vis spectra; (b) concentration 
dependent fluorescence emission spectra of compound 1 in acetonitrile 
( cell length = 1 cm, λex = 356 nm); (c) the fluorescence emission of spectra 
of gel 1, gel 1+0.5 eq D-TA and gel 1+0.5 eq L-TA (Cgel = 25 mg mL1, λex 
= 356 nm). 

mol L–1. The fluorescence emission band at 495 nm also had 
no shift with the solution concentration increasing in Figure 
4(b). When the concentration was up to 10–3 mol L–1, the 
emission intensity was obviously weakened. This indicated 
that there is no obvious – interaction between molecules 
of 1. When 0.5 eq of tartaric acid was added to gel 1, the 
emission band had no shift, indicating that the tartaric acid 
did not affect the optical properties of 1 (Figure 4(c)). 

The molecular packing of 1 in the xerogel state before 
and after addition of tartaric acid was further investigated  

 

Figure 5  XRD patterns of xerogel 1, 1+0.5 eq D-TA, 1+0.5 eq L-TA.  

by powder X-ray diffraction in Figure 5. The scattering   
patterns of 1 xerogel showed a series of diffraction peaks at 
2 = 1.18°, 2.35°, 3.52° with the corresponding to d spacing 
values of 75.1, 37.4, 25.1 Å (d/1, d/2, d/3) [22–24], which 
strongly suggested a lamellar structure. After addition of 0.5 
eq D-TA or L-TA, the series of peaks disappeared and a 
new peak at 2 = 2.59° with the corresponding d spacing 
value of 34.6 Å was emerged, which indicated the lamellar 
structure was changed.  

3  Conclusions  

In summary, a novel achiral 1,8-naphthalimide-based gela-
tor was designed and found to form helical fibre morpholo-
gy through gelation in a wide range of polar solvents at 
room temperature. The helical morphology was found to be 
tuned by addition of tartaric acid through formation inter-
molecular H-bond. The fluorescence emission of gel was 
not affected by addition of tartaric acid. The lamellar struc-
ture of gel was changed after addition of tartaric acid. This 
work may open an easy way of constructing helical nanos- 
tructure via non-covalent interactions. 
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