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In this work, film structure was obtained by self-assembly of fluorescein derivative via sol–gel process. The self-assembly

structure and the formation mechanism had been studied and certified by scanning electron microscopy, IR, UV–vis,

fluorescence and X-ray diffraction experiment data. The UV–vis absorption and emission spectra of the compound 1 were

changed with the change of the pH value in the solution state. This gelator had certain selectivity for pH value and formed

gels.
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1. Introduction

In recent years, supramolecular self-assembly has attracted

abundant research interests because of its great application

in many aspects of life science (1–3). As an important

research topic in supramolecular chemistry, low molecular

weight gels have seen a boom development due to their

very smart nature and widely potential application (4–6).

The low molecular weight gels can be obtained by the

formation of a three-dimensional network structure

through the weak intermolecular interactions, such as

hydrogen bonds, electrostatic interactions, p–p stacking

interactions, hydrophobic forces, non-specific vander

Waals forces and chiral dipole–dipole interaction (6). At

the same time, a plethora of exciting structures ranging

from nanofibre, nanowhisker, nanotube, nanoball to

monolayer, liquid crystal, vesicle and crystalline networks

existed in these kinds of soft materials (7–17). An ongoing

problem for the chemists constitutes how to get smart

functional materials through controlling the molecular

self-assembly process (18–25). A number of strategies

have been developed to control and tune the molecular

self-assembly of low-weight molecular gels. These smart

low-weight molecular gels were responded to the changes

in the environmental conditions including the value of pH,

temperature, solvent polarity, light, catalytic action of

enzymes and mechanical triggers (26–29). The pH value

plays an important role in many vital moments, such as

cell proliferation and apoptosis, multidrug resistance, ion

transport, endocytosis and muscle contraction. On the

other hand, the pH value can determine some kinds of

molecular structure including rhodamine, fluorescein and

so on (30). These kinds of compounds are used to be

prepared for fluorescent chemosensors (31). The optical

properties of these compounds will be changed with the

molecular structure changing under different pH values.

There are reports about various effects of pH on gel

formation and the regulation on the formed nanostructures

(32–36). Liu and coworkers have reported a kind of

amphiphilic peptide dendron used as a hydrogelator that can

form a hydrogel over a wide pH range (37). However, it is a

challenge to prepare gels which can specially select a narrow

pH range for gel formation conditions. Particularly, the

effect of the pH value on the gel formation and morphology

based on inconstant molecular derivative gelator has not

been explored. In this paper, we report a new kind of

organogel obtained via the self-assembly of fluorescein-

based derivative. The organogel was only obtained from the

mixed solvent DMF/H2O under the pH value range of 8–11.

2. Results and discussion

The gelation ability of compound 1 was assessed by

dissolving the compound with the concentration of 25 or

12.5mgml21 in a variety of solvents, as shown in Table 1.

Compound 1 could form gels only in dichloromethane

with the critical gelation concentration of 25mgml21. So

the mixed solvent of DMF/H2O was tried to prepare gel of

compound 1. It was taken into account that the molecular

structure of compound 1 was changed with the pH value of

solution. The solution with the pH value range from 1 to 14

was tested, respectively. The gels were obtained from

solution with the pH value range of 8–12. To some extent,

this organogel system could be potentially applied for pH

sensor. The photograph of gel 1 in DMF/H2O was shown
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in Figure 1. These gels were stable at room temperature for

more than 1 week.

In order to understand the self-assembly process, the

morphologies of the xerogels were analysed by field

emission scanning electron microscopy (FE-SEM) after

drying. The xerogels of 1 from DMF/H2O (1/1, v/v) at the

pH value of 8–11 had almost the same film framework. At

the same time, there was irregular spherical particle with

the diameter of about 1.0mm. Through the observation of

the SEM photograph, it could be seen that the self-

assembly behaviour of 1 was not affected in the pH range

of 8–11 (Figure 2).

To understand the finer details of the stacking process of

1 in gel state from themixed solvent of DMF/H2O (1/1, v/v),

the UV–vis and fluorescence spectra of compound 1 in

solution state were carried out in the pH range from 8 to 13,

respectively. The UV–vis absorbance spectra of 1 showed

two broad characteristic peaks at 460 and 490 nm for the

p–p * transitions (Figure 3) (38). The absorption intensity

was gradually strengthened with the increasing pH value in

the range of 8–11. Simultaneously the absorption peaks had

a red shift.When the pHvalue increased to 13, the absorption

intensity had a jump enlargement. At the same time, the

absorption peaks had a bathochromic shift of 32 and 13nm

for 460 and 490 nm, respectively. It was interesting that the

fluorescence emission of 1 was almost not the same as the

UV–vis absorption experiment. Themaximumfluorescence

emission peak was at 525 nm at the pH value of 8 (Figure 4).

The fluorescence emission was gradually weakened and had

a red shift with the increasing pH value. The maximum

fluorescence emission peak had a red shift of 12 nmwhen the

pH value ranged from 8 to 13. These results displayed that

p–p stacking had happened after the pH value of the

solution was increased (39). When pH . 7, the open-ring

state was favourable to gelation in DMF/H2O due to the

formation of ZCOOH for hydrogen bonding and the

planarity of the molecules for strong p–p stacking.

The infrared spectra of 1 (Figure 5) in DMF/H2O (1/1,

v/v) confirmed that the hydrogen bonding plays an

important role in the gelation and self-assembly process. It

was observed that in the powder state of 1, the CvO

stretching frequency was at 1670 cm21. However, the

same peak was shifted to a lower frequency at 1637 cm21

in the xerogel 1. Such a decrease in the amide stretching

clearly indicates the presence of the strong intermolecular

hydrogen bonding in gel 1. The information of the long-

range regulation to the molecular assembly could be

deduced from the measurement of X-ray diffraction

(XRD) data of the xerogel. The XRD pattern of xerogel of

1 prepared from DMF/H2O (1/1, v/v) at a pH value of 10.0

showed that the structure was complicated (Figure 6). The

obtained spacings for the xerogel were 21.5, 10.7 and

7.9 Å, with a ratio of 1:1/2:1/3, a character of lamellar

packing of the molecules (40). The distance of 1.9 Å was

Table 1. Gelation properties of compound 1 in various solvents.

Solvent Compound 1 Solvent Compound 1

Acetone S Toluene P
DMF S Dichloromethane G
H2O NI Acetonitrile P
Tetrahydrofuran S Chloroform S
Petroleum ether S DMSO S
Hexane S Dioxane S
Ethyl acetate S Ethanol S
Methanol NI Butanol S
DMF/H2O (1/1, v/v, pH 1.0)a P DMF/H2O (1/1, v/v, pH 2.0)a P
DMF/H2O (1/1, v/v, pH 3.0)a P DMF/H2O (1/1, v/v, pH 4.0)a P
DMF/H2O (1/1, v/v, pH 5.0)a P DMF/H2O (1/1, v/v, pH 6.0)a P
DMF/H2O (1/1, v/v, pH 7.0)a P DMF/H2O (1/1, v/v, pH 8.0)a G
DMF/H2O (1/1, v/v, pH 9.0)a G DMF/H2O (1/1, v/v, pH 10.0)a G
DMF/H2O (1/1, v/v, pH 11.0)a G DMF/H2O (1/1, v/v, pH 12.0)a S
DMF/H2O (1/1, v/v, pH 13.0)a S DMF/H2O (1/1, v/v, pH 14.0)a S

Notes: S, solution; P, precipitate; NI, not insoluble; G, gel. [1] ¼ 25mgml21.
a [1] ¼ 12.5mgml21.

Figure 1. Photograph of gel 1 in the DMF/H2O (1/1, v/v) with
the concentration of 12.5mgml21 at the pH value of 10.
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close to the length of the molecular distance of 1. The

peaks at 4.5 and 4.0 Å were assigned to the length of the

hydrogen bonding and p–p stacking, respectively (41).

3. Conclusion

In summary, a novel and simple fluorescein-based

organogel has been designed and synthesised. It could

form a film structure in a mixed solvent of DMF/H2O at a

suitable pH value. On the base of SEM, XRD, UV–vis, IR

and fluorescence studies, it was indicated that the

intermolecular non-covalent bond interaction of com-

pound 1 was obviously strengthened in the gel state. Thus,

this report may provide a new way for the preparation of

organogel based on structure variable organic molecule.

4. Experimental

4.1 Materials

All starting materials were obtained from commercial

supplies and used as received. Fluorescein isothiocyanate

(99%) was obtained from Yacoo Chemical Reagent Co.,

Figure 3. UV–vis spectra change of 1 in DMF/H2O (1/1, v/v) solution (C1 ¼ 1024M) with the change in pH value.

Figure 2. SEM images of the xerogels at room temperature (258C); 1 in mixed solvent of DMF/H2O (1/1, v/v) with the concentration of
12.5mgml21 at different pH values; (a) and (a0), (b) and (b0), (c) and (c0), (d) and (d0) are at pH values of 8, 9, 10, 11, respectively; scale
bars for a, a0, b, b0, c, c0, d and d0 are 10, 5, 20, 5, 20, 5, 20 and 5mm, respectively.

Figure 4. Fluorescence spectra change of 1 in DMF/H2O (1/1, v/v) solution (C1 ¼ 1024M) with the change in pH value (lex ¼ 490 nm).

Supramolecular Chemistry 883
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Ltd (Suzhou, P.R. China). Methyl gallate (99%), organic

solvents, 1-bromododecane (98%) and ethylenediamine

(95%) were supplied from Sinopharm Chemical Reagent

Co., Ltd (Shanghai, P.R. China).

4.2 Gelation test

The gelation test on compound 1 was carried out with

various single solvents and mixed solvents using a test tube

inversion method (35). The gelators and solvents were put

in a septum-capped test tube and heated (.808C) until the
solid was dissolved. The sample vial was then cooled to

258C (room temperature).

4.3 Instrumentation conditions

NMR and 13C NMR spectra were recorded on a Mercury

plus-Varian instrument (Varian, Ltd. Palo Alto, USA), at

400 and 100Hz, respectively. Proton chemical shifts are

reported in parts per million downfield from tetramethyl-

silane. HRMS was recorded on a LTQ-Orbitrap mass

spectrometer (ThermoFisher, San Jose, CA, USA). Fourier

transform infrared (FT-IR) spectra were collected by a

Nexus 470 spectrometer (Nicolet Company, Madison,

Wisconsin, USA), xerogel samples were prepared with

KBr pellets. FE-SEM images were obtained using an FE-

SEM S-4800 instrument (Hitachi, Ltd. Tokyo, Japan).

Samples were prepared by spinning the samples on glass

slices and coating with Au. Powdered XRDs were

generated by using a Philips PW3830 X-ray generator

(Cu target, l ¼ 0.1542 nm), with a power of 40 kV and

40mA was used. UV–vis absorption spectra were

recorded on a UV–vis 2550 spectroscope (Shimadzu,

Ltd. Tokyo, Japan). Fluorescent spectra were recorded on

Edinburgh Instruments FLS 900 (Edinburgh Instruments,

Ltd. Livingston, UK).

4.4 Synthesis

The synthetic methodology for compound 1 is shown in

Scheme 1. Compound 2 was prepared according to the

previous reported method (42). The details of the synthesis

are as follows.

Compound 2 (1.50 g, 2.1 mmol) and fluorescein

isothiocyanate (0.81 g, 2.1mmol) were placed in a flask,

then anhydrous N,N-dimethylformamide (DMF) (40ml)

and Et3N (5ml) were added and then the slurry was stirred

at room temperature for 10 h. A large amount of water was

added to the solution, and the water phase was extracted

three times with CH2Cl2. The organic phase was combined

and dried by anhydrous MgSO4. The solvent was removed

under reduced pressure. Lastly, compound 1 (1.50 g, yield

65%) was obtained as an orange solid after purified by

chromatography on silica gel with petroleum ether/ethyl

acetate (4:1, v/v) as the eluent. 1H NMR (400MHz,

Figure 6. XRD profile of the xerogel of 1 (12.5mgml21, pH
10.0) in DMF/H2O (1/1, v/v) at room temperature.

Figure 5. FT-IR spectra of 1 powder and the xerogel of 1
(12.5mgml21, pH 10.0) in DMF/H2O (1/1, v/v) at room
temperature (258C).

Scheme 1. Molecular structure of the self-assembly fluorescein derivatives of 1 and 1a.
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DMSO): d 10.067 (s, 2H), 9.983 (s, 1H), 8.521 (s, 1H,),

8.126 (s, 2H,), 7.673 (s, 1H), 7.106 (s, 3H), 6.626 (s, 2H),

6.576 (d, 2H, J ¼ 8.4Hz), 6.505 (d, 2H, J ¼ 8.0Hz), 3.903

(m, 4H), 3.811 (t, 2H, J ¼ 6.0Hz), 3.666 (s, 2H), 3.447 (s,

2H), 1.645 (m, 4H), 1.572 (m, 2H), 1.371 (m, 6H), 1.189

(m, 48H), 0.801(t, 9H, J ¼ 6.0Hz).13C NMR (100MHz,

DMSO): 181.3, 168.9, 166.8, 163.6, 159.9, 152.6, 152.3,

147.7, 141.5, 140.4, 129.4, 129.1, 127.1, 124.4, 117.6,

113.0, 110.1, 106.6, 102.7, 83.6, 72.6, 68.7, 43.9, 40.5,

39.9, 31.9, 30.5, 29.7, 29.5, 29.4, 26.3, 22.6, 14.0, HRMS

(ESIþ) calcd for C66H95N3NaO9S [M þ Naþ]: 1128.6687;
found: 1128.6680.

Acknowledgements

This work was financially supported by the National Natural
Science Foundation of China (No. 21002082), the key Project of
Chinese Ministry of Education (No. 210129), the Science and
Technology Key Project of Henan Education Department (No.
13A150760), the Development Projects of Henan Province
Science and Technology (No. 132300410090) and the Program
for University Innovative Research Team of Henan (No.
2012IRSHN017).

References

(1) Sijbesma, R.P.; Beijer, F.H.; Brunsveld, L.; Folmer, B.J.B.;
Hirschberg, J.H.K.; Lange, R.F.M.; Lowe, J.K.L.; Meijer,
E.W. Science 1997, 278, 1601–1604.

(2) Cordier, P.; Tournilhac, F.; Ziakovic, C.S.; Leibler, L.
Nature 2008, 451, 977–980.

(3) Lin, Y.; Boker, A.; He, J.B.; Sill, K.; Xiang, H.Q.; Abetz,
C.; Li, X.F.; Wang, J.; Emrick, T.; Long, S.; Wang, Q.;
Balazs, A.; Russell, T.P. Nature 2005, 434, 55–59.

(4) Tomasini, C.; Castellucci, N. Chem. Soc. Rev. 2013, 42,
156–172.

(5) Buerklea, L.E.; Rowan, S.J. Chem. Soc. Rev. 2012, 41,
6089–6102.

(6) Sangeetha, N.M.; Maitra, U. Chem. Soc. Rev. 2005, 34,
821–836.

(7) Kinbara, K.; Miyamura, Y.; Yamamoto, Y.; Praveen, V.K.;
Kato, K.; Takata, M.; Takano, A.; Matsushita, Y.; Lee, E.;
Lee, M.; Aida, T. J. Am. Chem. Soc. 2010, 132, 3292–3294.

(8) Aida, T.; Meijer, E.W.; Stupp, S.I. Science 2012, 335, 813–
817.

(9) Hoeben, F.J.M.; Jonkheijm, P.; Meijer, E.W.; Schenning,
A. Chem. Rev. 2005, 105, 1491–1546.

(10) Chen, G.; Jiang, M. Chem. Soc. Rev. 2011, 40, 2254–2266.
(11) Wang, Q.; Wu, J.C.; Gong, Z.G.; Zou, Y.; Yi, T.; Huang, C.

H. Soft Matter 2010, 6, 2679–2684.
(12) Zhang, M.; Sun, S.; Yu, X.; Cao, X.; Zou, Y.; Yi, T. Chem.

Commun. 2010, 46, 3553–3555.
(13) Trivedi, D.; Ballabh, R.A.; Dastidar, P. CrystEngComm.

2003, 5, 358–367.
(14) You, L.Y.; Chen, S.G.; Zhao, X.; Liu, Y.; Lan, W.X.;

Zhang, Y.; Lu, H.J.; Cao, C.Y.; Li, Z.T. Angew. Chem. Int.
Ed. 2012, 124, 1689–1693.

(15) Zhou, G.R.; Li, Y.J.; Yu, X.D.; Yu, D.C.; Yin, Y.B.
Supramol. Chem. 2012, 24, 234–237.

(16) Yu, X.D.; Liu, Q.; Wu, J.C.; Zhang, M.M.; Cao, X.H.;
Zhang, S.; Wang, Q.; Chen, L.M.; Yi, T. Chem. Eur. J.
2010, 16, 9099–9106.

(17) Yu, X.D.; Li, Y.J.; Wu, D.; Ma, Z.C.; Xing, S.T. New
J. Chem. 2013, 37, 1201–1205.

(18) Yan, H.; Park, S.H.; Finkelstein, G.; Reif, J.H.; LaBean, T.

H. Science 2003, 301, 1882–1884.
(19) Kuzyk, A.; Schreiber, R.; Fan, Z.Y.; Pardatscher, G.;

Roller, E.M.; Hogele, A.; Simmel, F.C.; Govorov, A.O.;
Liedl, T. Nature 2012, 483, 311–314.

(20) Ke, D.M.; Zhan, C.L.; Li, A.D.Q.; Yao, J.N. Angew. Chem.
Int. Ed. 2011, 50, 3715–3719.

(21) Faul, C.F.J.; Antonietti, M. Adv. Mater. 2003, 15, 673–683.
(22) Forman, C.J.; Nickson, A.A.; Anthony-Cahill, S.J.;

Baldwin, A.J.; Kaggwa, G.; Feber, U.; Sheikh, K.; Jarvis,
S.P.; Barker, P.D. ACS Nano 2012, 6, 1332–1346.

(23) Cheng, J.Y.; Mayes, A.M.; Ross, C.A. Nat. Mater. 2004, 3,
823–828.

(24) Liu, J.; He, P.L.; Yan, J.L.; Fang, X.H.; Peng, J.X.; Liu, K.

Q.; Fang, Y. Adv. Mater. 2008, 20, 2508–2511.
(25) Zhou, Y.F.; Xu, M.; Yi, T.; Xiao, S.Z.; Zhou, Z.; Li, F.Y.;

Huang, C. Langmuir 2007, 23, 202–208.
(26) Roy, S.; Javid, N.; Frederix, P.W.J.M.; Lamprou, D.A.;

Urquhart, A.J.; Hunt, N.T.; Halling, P.J.; Ulijn, R.V. Chem.
Eur. J. 2012, 18, 11723–11731.

(27) Wang, H.; Shi, Y.; Wang, L.; Yang, Z. Chem. Soc. Rev.

2013, 42, 891–901.
(28) Jung, J.H.; Lee, J.H.; Silverman, J.R.; John, G. Chem. Soc.

Rev. 2013, 42, 924–936.
(29) Yu, X.; Cao, X.; Chen, L.; Yi, T. Soft Matter 2012, 8, 3329.
(30) Zheng, H.; Zhan, X.; Bian, Q.; Zhang, X. Chem. Commun.

2013, 49, 429–447.
(31) Han, J.; Burgess, K. Chem. Rev. 2010, 110, 2709–2728.
(32) Pal, A.; Shrivastava, S.; Dey, J. Chem. Commun. 2009,

6997–6999.
(33) Komatsu, H.; Matsumoto, S.; Tamaru, S.; Kaneko, K.;

Ikeda, M.; Hamachi, I. J. Am. Chem. Soc. 2009, 131, 5580–
5585.

(34) Kar, T.; Debnath, S.; Das, D.; Shome, A.; Das, P.K.

Langmuir 2009, 25, 8639–8648.
(35) Ghosh, A.; Dey, J. Langmuir 2009, 25, 8466–8472.
(36) Shi, N.; Dong, H.; Yin, G.; Xu, Z.; Li, S.H. Adv. Funct.

Mater. 2007, 17, 1837–1843.
(37) Duan, P.F.; Qin, L.; Zhu, X.F.; Liu, M.H. Chem. Eur. J.

2011, 17, 6389–6395.
(38) Ray, S.; Das, A.K.; Banerjee, A. Chem. Mater. 2007, 19,

1633–1639.
(39) Murata, K.; Aoki, M.; Suzuki, T.; Harada, T.; Kawabata,

H.; Komori, T.; Ohseto, F.; Ueda, K.; Shinkai, S. J. Am.
Chem. Soc. 1994, 116, 6664–6676.

(40) David, W.I.F.; Shankland, K. Acta Crystallogr. Sect. A
Found. Crystallogr. 2008, 64, 52–64.

(41) Zhang, M.M.; Wang, B.B.; Jiang, T.; Jiang, M.J.; Yi, T.
CrystEngComm. 2012, 14, 8057–8062.

(42) Cao, X.H.; Wu, Y.Q.; Liu, K.Y.; Yu, X.D.; Wu, B.; Wu, H.

Z.; Gong, Z.G.; Yi, T. J. Mater. Chem. 2012, 22, 2650–
2657.

Supramolecular Chemistry 885

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
T

en
ne

ss
ee

, K
no

xv
ill

e]
 a

t 1
0:

13
 2

7 
D

ec
em

be
r 

20
14

 


	Abstract
	1. Introduction
	2. Results and discussion
	3. Conclusion
	4. Experimental
	4.1 Materials
	4.2 Gelation test
	4.3 Instrumentation conditions
	4.4 Synthesis

	Acknowledgements
	References

