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The pH responsibility of cationic charged dendrons, which
were previously synthesized for DNA-sensing applications, was
investigated. The first and second generation amide dendrons
G1 and G2 formed hydrogels under basic conditions, but the
hydrogel returned to the fluid state under acidic conditions;
this process was completely reversible. In addition, the
fluorescence of the diluted G1, G2, and G3 solutions also
showed a high sensitivity to the pH value.

Dendrimers are characterized by their hierarchical three-
dimensional structures consisting of a multifunctional core from
which successive branched repeating units radiate outward.1­4

Dendritic gelators, which would bridge the gap between
polymeric and small molecular gelators, have gained increasing
attention due to their well-defined and readily controlled
structures. Since Newkome et al. reported the first example of
a dendritic gelator in 1986,5 several research groups have
independently reported different kinds of dendritic gelators.6­14

In addition, most of them are thermoreversible and photo-
reversible dendritic gelators,11,13 and gelators which response to
fluoride ions15 have been recently reported. However, there are
few reports about pH-responsive dendritic gelators.

We recently synthesized a series of water-soluble cationic
pyrene-dendron derivatives G1, G2, and G3 (Scheme 1) and
measured its DNA detection ability.16 During this investigation,
we found that the dendrons form pH-responsive hydrogels. We
now report the detailed properties of such pH-responsible
dendritic gelators.

Supramolecular gels generated through the self-assembly of
small gelator molecules via physical interactions like hydrogen
bonding, ³­³ stacking, hydrophobic interactions, donor­accep-

tor interactions, or van der Waals interactions form entangled
fibril networks.17­19 Based on these characteristics of the gel
formations, we expected that the ³­³ interactions between the
pyrene moieties and hydrogen bonding between the amine and
amide groups under basic conditions both provide a sufficient
force required for the generation of extended fibril nano-
structures. After the addition of a stoichiometric ratio of an
aqueous NaOH solution, G1 and G2 show excellent abilities to
form gels at the gelator concentration of ca. 14 © 10¹3 and
3.5 © 10¹3M, respectively. However, G3 failed to form gels
under similar conditions probably due to its relatively large size,
which caused an increase of the steric hindrance and reduction
of its flexibility between intermolecular interactions to form
hydrogels.

Figure 1 shows the optical images of the supramolecular
gels of G1 and G2 with the addition of a stoichiometric amount
of base. The hydrogel of G1 appeared opaque, indicating the
presence of insoluble microparticles in the hydrogel. This might
be due to the limited solubility of G1. On the contrary, the
hydrogel of G2 was transparent. G1 and G2 showed the ability
to form gels at the pH values of 12.4 and 11.5, respectively. The
gels changed back immediately to fluid solutions at around
pH 7.0 after adding HCl to adjust the pH value by protonating
the basic sites of gelators. This sol­gel phase transition can be
reversibly switched without affecting the gelation ability. An
SEM analysis was also performed to study the morphologies of
the hydrogels of G1 and G2 (Figure 2).
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Scheme 1. Chemical structures of G1, G2, and G3 dendrons.

Figure 1. Optical images of supramolecular gels of G1 and
G2 before [(A) and (D)] and after adding stoichiometric amount
of aqueous NaOH [(B) and (E)] or HCl [(C) and (F)] solution.
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G1 exhibits an entangled irregular fibrous matrix with
widths around 200 to 500 nm. This irregular morphology might
suggest that there should be more than one type of aggregation
process for the hydrogel network. The morphology of G2
shows fine nanofibers with widths from 100 to 300 nm, which
significantly differs from that of the fibrous matrix formed by
G1. These well-developed fibrous networks indicate that supra-
molecular interactions (hydrogen bonding and ³­³ stacking)
promote the self-assembly of the small molecular gelator to form
long and polymer-like fibrous networks that mainly trap the
water by surface tension.

In addition, the fluorescent responses of the G1­G3 to
various NaOH concentrations under dilute conditions (0.5 ©
10¹4M) were investigated and shown in Figure 3A and
Figure S1 in Supporting Information.20

During titration with an aqueous NaOH solution, the G1­
G3 solutions showed a broad emission band of pyrene at 375 to
610 nm with an excitation at 340 nm and gradual increase in
their fluorescence intensities. With the addition of NaOH at the
equivalent concentration ([OH]/[NH3

+] = 1), G3 was com-
pletely deionized and showed a large fluorescence enhancement
and saturation, which suggests that the pyrene moiety is
reorganized to form excimers (Figure S1B20). The increase in
fluorescence might be due to the strong tendency of the pyrene
group to form dimers or oligomers in an aqueous solution after
deionization of the dendrons, which eliminated the cationic
repulsion and increased the molecular interaction (e.g., hydrogen
bonding, etc.). On the other hand, G1 and G2 showed large
fluorescence enhancements and reached a fluorescence satura-
tion at [OH]/[NH3

+] = 0.75, indicating that G1 and G2 more

favorably form pyrene excimers in the aqueous phase, despite
the existence of a partial cationic repulsion. This might be
because G1 and G2 have less steric hindrance compared to that
of G3.

Thus, the excimer formations of G1 and G2 are more
pronounced with less added NaOH. These results are in
agreement with the results of the pH-responsive hydrogel
fabrication. The addition of an equivalent amount of acid (HCl
aqueous solution) to the deionized dendron solution, which was
slightly cloudy, turned it into a clear solution. Moreover, the
addition of an equivalent amount of acid caused a decrease in
their fluorescence intensities, indicating the disappearance of the
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Figure 2. SEM images of hydrogels (A) G1 and (B) G2.
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Figure 3. (A) Fluorescence emission of G1 at concentration
of 5 © 10¹4M and at various NaOH concentrations. Excitation
wavelength is at 340 nm. (B) Fluorescence emission of G1 with
repeating addition of equivalent concentration of aqueous NaOH
or HCl solution. (C) Reversible response of G1 by the addition
of aqueous NaOH or HCl solution illustrated with its fluo-
rescence intensity at 440 nm.
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excimer band of pyrene (as shown in Figure 3B). Their pH
responses of the G1­G3 solution are completely reversible as
shown in Figures 3C and S2.20

In summary, we have described the pH-responsive dendritic
gelators G1 and G2 which showed reversibility and entangled
fibrous structures at appropriate pH values. However, G3 did not
form hydrogel due to its higher steric hindrance. It was also
found that all generation dendrons G1, G2, and G3 showed
reversible pH-responsive fluorescent properties.

The financial supports of this work from National Science
Council, The Ministry of Economics Affairs, and the Excellence
Research Program of National Taiwan University are highly
appreciated. Y.I. thanks Japan Society for the Promotion of
Science (JSPS, No. 2208196) for financial supports.

References and Notes
# The authors equally contributed to this work.
1 S. M. Grayson, J. M. J. Fréchet, Chem. Rev. 2001, 101, 3819.
2 A. Carlmark, C. Hawker, A. Hult, M. Malkoch, Chem. Soc.

Rev. 2009, 38, 352.
3 Dendrimers and Other Dendritic Polymers, ed. by J. M. J.

Fréchet, D. A. Tomalia, Wiley, 2002.
4 G. R. Newkome, C. N. Moorefield, F. Vögtle, Dendrimers

and Dendrons: Concepts, Syntheses, Applications, Wiley-
VCH, 2001.

5 G. R. Newkome, G. R. Baker, M. J. Saunders, P. S. Russo,
V. K. Gupta, Z.-Q. Yao, J. E. Miller, K. Bouillion, J. Chem.
Soc., Chem. Commun. 1986, 752.

6 W.-D. Jang, T. Aida, Macromolecules 2003, 36, 8461.

7 A. R. Hirst, J. F. Miravet, B. Escuder, L. Noirez, V.
Castelletto, I. W. Hamley, D. K. Smith, Chem.®Eur. J. 2009,
15, 372.

8 A. El Ghzaoui, F. Gauffre, A.-M. Caminade, J.-P. Majoral,
H. Lannibois-Drean, Langmuir 2004, 20, 9348.

9 K. T. Kim, C. Park, C. Kim, M. A. Winnik, I. Manners,
Chem. Commun. 2006, 1372.

10 M. Wathier, C. S. Johnson, T. Kim, M. W. Grinstaff,
Bioconjugate Chem. 2006, 17, 873.

11 Y. Ji, G.-C. Kuang, X.-R. Jia, E.-Q. Chen, B.-B. Wang, W.-S.
Li, Y. Wei, J. Lei, Chem. Commun. 2007, 4233.

12 M. Gao, G.-C. Kuang, X.-R. Jia, W.-S. Li, Y. Li, Y. Wei,
Tetrahedron Lett. 2008, 49, 6182.

13 G.-C. Kuang, Y. Ji, X.-R. Jia, Y. Li, E.-Q. Chen, Z.-X.
Zhang, Y. Wei, Tetrahedron 2009, 65, 3496.

14 E. R. Zubarev, E. D. Sone, S. I. Stupp, Chem.®Eur. J. 2006,
12, 7313.

15 D. Xu, X. Liu, R. Lu, P. Xue, X. Zhang, H. Zhou, J. Jia, Org.
Biomol. Chem. 2011, 9, 1523.

16 C.-Y. Chen, Y. Ito, Y.-C. Chiu, W.-C. Wu, T. Higashihara, M.
Ueda, W.-C. Chen, J. Polym. Sci., Part A: Polym. Chem.
2012, 50, 297.

17 N. M. Sangeetha, U. Maitra, Chem. Soc. Rev. 2005, 34, 821.
18 Z. Yang, B. Xu, J. Mater. Chem. 2007, 17, 2385.
19 M. Seo, J. H. Kim, J. Kim, N. Park, J. Park, S. Y. Kim,

Chem.®Eur. J. 2010, 16, 2427.
20 Supporting Information is available electronically on the

CSJ-Journal Web site, http://www.csj.jp/journals/chem-lett/
index.html.

94

© 2012 The Chemical Society of JapanChem. Lett. 2012, 41, 92­94 www.csj.jp/journals/chem-lett/

http://dx.doi.org/10.1021/cr990116h
http://dx.doi.org/10.1039/b711745k
http://dx.doi.org/10.1039/b711745k
http://dx.doi.org/10.1039/c39860000752
http://dx.doi.org/10.1039/c39860000752
http://dx.doi.org/10.1021/ma034221b
http://dx.doi.org/10.1002/chem.200801475
http://dx.doi.org/10.1002/chem.200801475
http://dx.doi.org/10.1021/la048890+
http://dx.doi.org/10.1039/b516625j
http://dx.doi.org/10.1021/bc060060f
http://dx.doi.org/10.1039/b708239h
http://dx.doi.org/10.1016/j.tetlet.2008.08.008
http://dx.doi.org/10.1016/j.tet.2009.02.038
http://dx.doi.org/10.1002/chem.200600619
http://dx.doi.org/10.1002/chem.200600619
http://dx.doi.org/10.1039/c0ob00786b
http://dx.doi.org/10.1039/c0ob00786b
http://dx.doi.org/10.1002/pola.25031
http://dx.doi.org/10.1002/pola.25031
http://dx.doi.org/10.1039/b417081b
http://dx.doi.org/10.1039/b702493b
http://dx.doi.org/10.1002/chem.200902575
http://www.csj.jp/journals/chem-lett/index.html
http://www.csj.jp/journals/chem-lett/index.html
http://www.csj.jp/journals/chem-lett/

