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Alizarin Red salt (AR) displays a dramatic change in fluo-

rescence color and intensity in response to complexation with

a boronic acid and can be employed as a general reporter for

studying the concentration of boronic acid in solution, both

quantitatively and qualitatively.40 Here the reaction between 3-

aminophenylboronic acid (BA) and AR is used to study the light-

controlled release profile of the HMRC nanocontainers, as shown

in Fig. 1B. In order to load BA molecules inside the cavity of

the HMRCs, mesoporous hollow silica colloids were immersed

in an aqueous solution of BA (10 mM) for 3 h and collected

by centrifuge before assembly with MV⊂CB[8]-Fe3O4 nanopar-

ticles. The BA-loaded HMRCs were incubated in a solution of AR

(7 × 10−5 M, pH adjusted to 7.4 with NaOH) for 20 min, and the

UV-vis spectrum of the solution was measured after the removal

of the HMRCs by centrifuge as shown in Fig. 5A (cycle 0). In order

to control the release of the loaded BA molecules, the dispersion

of the BA-loaded HMRCs was exposed to UV light (350 nm) for

10 min to disassemble the raspberry-like structure and ‘open up’

the nanochannels. The UV-vis spectrum was not recorded at this

point, as system with the nanochannels being open was not sta-

ble with large amount of noise. Subsequently, the HMRCs were

irradiated with visible light (420 nm) for 10 min to reassemble

the raspberry-like structure and ‘close’ the nanochannels, halting

the release of BA molecules. The UV-vis spectrum was recorded at

this point (cycle 1, Fig. 5A), as well as after incubating the HMRC

solution in the dark for 20 min. The spectrum taken after the

incubation in the dark is not shown as it did not changed at all

compared to the spectrum obtained prior incubation. Alternating

UV/visible light irradiation cycle was repeated 10 times, and the

UV-vis spectra were recorded after each cycle as shown in Fig. 5A.

Before complexing with BA, AR showed an absorbance peak at

517 nm in its UV-vis spectrum and exhibited a pink color. As AR

started to complex with the BA molecules in solution that were

released from the HMRC nanocontainers, AR exhibited a color

change, from pink to yellow (see inset images in Fig. 5B), with a

decrease in absorbance at 517 nm. Meanwhile, a new peak for

the AR/BA complex centered at 432 nm was observed together

with an isosbestic point at 461 nm, indicating that the AR and

AR/BA complex are related linearly by stoichiometry.

In order to study the release kinetics of BA molecules from

the HMRC nanocontainers, the absorbance of the AR solution

at 517 nm was plotted against irradiation time as shown in

Fig. 5B. An on-off release profile, which is controlled by alternat-

ing UV/visible light irradiation, can clearly be observed. While

the absorbance did not exhibit any decay during the 20 min time

intervals of incubation in the dark (OFF), it decreased upon irra-

diation with UV/visible light (ON) with a reduced gradient with

the revolution of time, suggesting the AR/BA complexation is ap-

proaching its equilibrium.

In conclusion, hollow mesoporous raspberry-like colloids (HM-

RCs) bearing hollow silica microspheres as the core and param-

agnetic Fe3O4 nanoparticles as the corona have been prepared

by utilizing host-guest complexation of CB[8] at their inter-

face. CB[8] was employed as supramolecular ‘glue’ to ‘stick’

together the viologen (MV) functionalized Fe3O4 nanoparticles

and the azobenzene (Azo) functionalized hollow silica colloids

by forming a heteroternary complex of (MV/trans-Azo)⊂CB[8].

Moreover, the formation of this raspberry-like structure is re-

versible upon UV light irradiation, resulting in the trans to cis

isomerization of Azo derivatives and the dissociation of the het-

eroternary complex. Most importantly, the HMRCs can be used

as nanocontainers with a light-controllable permeability. While

the nanochannels of the assembled HMRCs are ‘capped’ with the

Fe3O4 nanoparticles, they can be ‘opened’ by removing the Fe3O4

nanoparticles under UV irradiation, resulting in the release of the

loaded cargo. A model system using boronic acid (BA) as the

cargo in the HMRCs and Alizarin Red salt as a sensor for the BA

is shown here, suggesting a general application of the HMRCs as

photoresponsive nanocontainers.
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