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� A azobenzene copolymer grafted from the mesoporous silica was prepared by RAFT.
� The copolymer could be used as a light-triggered and controllable ions transport system.
� The ion conductivity could be controlled in response to environmental stimuli.
� A prototype of light-triggered hybrid sensor was successfully fabricated.
� The sensor presented ‘‘gate on/off” sate under UV light irradiation.
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We present a comprehensive research on the photo-induced multi-responsibility of azobenzene(azo)
diblock copolymer (BPC) grafted from the surface of mesoporous silica as a light-triggered and control-
lable ions transport system. The surface-initiated RAFT method was used to grow sequentially a first
poly(2-(dimethylamino)ethyl methacrylate) (PDMAEMA) block serving as an inner layer for the pH and
thermal responsibility and a second terminal azo block functionalizing the trans-cis photoisomerization
to control the closure or opening of the brushes in water. We show that the ions conductivity of hybrid
system could be controlled by the second block switchable between the coil-recoil brush chain states in
response to pH or temperature change or exposure to light. It was confirmed a suitable composition ratio
of azo BPC brushes could significantly influence the hydrophilicity and polarity of the out layer with light,
resulting the protonation or gelation of PDMAEMA block. For example, the Ru(NH3)63+ cations as probing
ions was employed to prototyping the controlled permselectivity triggered by the UV light exposure. This
kind of hybrid material is particularly interesting in the versatile utility for drug delivery, separating, bio-
mimic sensor and so on.

� 2017 Elsevier B.V. All rights reserved.
1. Introduction
Over the past decade, nanoporous materials are attracting pro-
gressive interests for their significance in science, including separa-
tion [1–3], sensing [4,5], catalysis [6,7], and novel medical devices
[8–11]. Especially, design biotic analogues of ion transportation
through nanochannels are flourishing due to their prominent
applications in smart sensors, gated switches, and commutation
of the chemical species in aqueous environment [12–15]. So far,
most of these applications are based on gating the nanochannel
flux by nonconvalent interactions of surface-immobilized moieties
with the diffusing species or by using responsive polymer brushes
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that can ‘‘open” and ‘‘close” the pores [16–18], which depends on
the change of physicochemical environment across the channel.

Inorganicnanoporousmaterials, suchmesoporous silica [19], zeo-
lite [20] and anode alumina [21] are attractive candidates for control-
ling nanochannel flux and ion transportation, owing to their intrinsic
porosity, uniform pore size, high surface area, and permeability,
which render highly-active surface and adsorption kinetic. Meso-
porous silica has been considered as precise control of drug delivery
[22–28]andhighly-effectivecatalysts [29,30]. Thenext challengehas
focused on promoting external-stimuli responsibility [31], including
pH [32–35], temperature [36,37], magnetic/electronic field [38,39],
chemical source[40], andspecific lightwave [41,42].Herein,photore-
sponsivematerials areparticularly attractive for remote andaccurate
controlling in spatial and temporal conditions [43].

Azobenzene is one of the most widely utilized chromophores
for producing photoresponsive materials. It can be reversibly
transformed between the trans and cis isomers upon UV–vis light
irradiation, exhibiting precise chemical changes in size and polar-
ity [44,45]. Isomerization of azobenzene-containing (referred as
azo hereafter) materials brings on photochemical pKa changes,
which might cause changes in absorption [46,47], hydrogen bond
strength [48,49], and self-assembling for ‘‘smart” molecular
machine [50,51] and artificial muscle [52,53]. To date, azo poly-
mers and block copolymers (BCPs) represent two active research
fields. The former one is the research highlight for exploring pho-
toresponsive polymers [54]. The latter one is much attractive for
the microphase separation and related self-organized morphology
both in solid and in solution [55–57]. Recently, various azo BCPs
have been promoted by the facilitation of controlled radical poly-
merization such as controlled radical polymerizations such as
atom transfer radical polymerization (ATRP) [58] and reversible
addition–fragmentation chain transfer polymerization (RAFT)
[59]. Of particular interest is the remote switcher of ‘‘smart”
molecular machine. This often needs ingenious design of azo BCPs.
For instance, high efficiency of multi-drug release can be achieved
by dual-responsive azo BCPs [60,61]. And the cloud point temper-
ature of thermo-responsive polymers can be greatly shifted by azo
blocks [62]. For the application of ion transportation, in recent
years, azo compounds have been applied in the fabrication of
mesoporous silica hybrid [63–66], combining photoresponse and
self-assembling of variable molecules for switchable nanopores
[67,68]. It is desirable for introducing azo BCPs to switch nanopore
size and promote multi-stimuli responses.

Previously, we have reported on dual-responsive polyelec-
trolyte/mesoporous silica hybrid materials based on the self-
organization of poly(2-(dimethylamino)ethyl methacrylate)
(PDMAEMA) with reversible on/off responses to pH and tempera-
ture [69]. The ionized nanopore interior of this hybrid material
enabled to selectively transport the counter-ion. And the gelation
of PDMAEMA above lower critical solution temperature (LCST)
was able to switch the nanopore size and further prompt the ion
permeability. We now report on photoresponsive PDMAEMA/
mesoporous silica hybrid materials by incorporating azo BCPs,
which was synthesized by a surface-initiated RAFT method. Nota-
bly, upon the UV-light exposure the coil/recoil response of
PDMAEMA increased as a result of trans-cis isomerization. The
polarity and self-organization of azo BCPs were remotely con-
trolled, leading photoresponsive ion transportation.
2. Experimental

2.1. Materials

Acrylamido azobenzene (modified azo, referred to MAzo), 2,2-
azobisisobutyronitrile (AIBN), Dimethylacetamide (DMAc), N,N-
dimethyl aminoethyl methacrylate (DMAEMA), methanol and
absolute ethanol were purchased from Aladdin Chemistry Co. Ltd,
China. Mesoporous silica (SBA-15), which had an average diameter
of 8 nm, was purchased from XFNANO Materials Tech Co. Ltd,
China.

2.2. Preparation of P(DMAEMA-b-PMAzo)/SBA-15 hybrids

The synthesis of amine-functionalized SBA-15 and PDMAEMA/
SBA-15 precursor were based on method of our previous work
[69]. P(DMAEMA-b-MAzo)100/SBA-15 hybrid was synthesized by
reversible addition-fragmentation chain transfer (RAFT) polymer-
ization using MAzo as a functional monomer. For example, MAzo
(5 mol% ratio) and PDMAEMA/SBA-15 precursor (95 mol% ratio)
were completely dissolved in DMAc solvent. After ultrasonic dis-
persing for 30 min, AIBN (initiator) was added to the mixture, fol-
lowed by vigorous stirring at 70 �C with oil bath for 24 h and then
degassing with nitrogen for 1 h at room temperature. The reaction
was stopped by quenching in ice water, and then the obtained pro-
duct was washed more than 5 times with methanol to remove the
residue. Finally, the purified P(DMAEMA95-b-MAzo5)100/SBA-15
was dried at 60 �C for 12 h and kept for further use.

2.3. Characterization

Fourier transform infrared spectroscopy (FTIR) measurements
were carried out using a Nicolet 6700 spectrometer (USA). The
samples were analyzed in absorbance mode in the range of 400
to 4000 cm�1 with a resolution of 4 cm�1. Thermogravimetric anal-
ysis (TGA) was investigated using a thermogravimetric analyzer
(SDTQ600, USA). All samples were heated from room temperature
to 800 �C at a heating speed of 10 �C/min under nitrogen atmo-
sphere. Transmission electron microscopy (TEM) was performed
on a CM 200FEG transmission electron microscope operated at
200 keV. The N2 adsorption-desorption isotherms were measured
on a Micromeritics ASAP 2020C+ system (USA). The total surface
area, pore size distributions and pore volume were determined
by BET and BJH (Barrett-Joyner-Halenda) equations based on the
adsorption data. 1H NMR spectra and gel permeation chromatogra-
phy (GPC) were measured on a Bruker Avance III (Switzerland) and
Waters 1525 (USA) with tetrahydrofuran as a mobile phase using
polystyrene (PS) samples as standard tabs, respectively. The
hybrids were dissolved in diluted hydrofluoride acid (HF, 1 wt%)
to obtain pure BCPs for the characterization. UV–vis-NIR spectrum
was conducted on a Perkin Elmer spectrophotometer (Lambda 750,
USA) with a wavelength of 250–500 nm. The electrochemical
experiment was performed in a three-electrode cell system. Elec-
trochemical impedance spectroscopy (EIS) experiments and Cyclic
Voltammetry (CV) were performed in 0.1 M KCl aqueous solution
with 5.0 mM Fe(CN)64�/3� as the probe using RST4800 (Suzhou
RST Co. China) electrochemical work station.
3. Results and discussion

3.1. Fabrication of P(DMAEMA-b-MAzo)100/SBA-15 hybrids

Photosensitive azo BCPs were prepared by a ‘‘grafting-from”
polymerization strategy (Fig. 1), in which amino groups of APTES
were anchored on the porous surface of SBA-15, consecutively fol-
lowing the condensation of the carboxyl groups of DDMAT, the
leaving groups of the RAFT agent. Afterwards serious BCP brushes
of P(DMAEMA-b-MAzo) were synthesized d by a two-step RAFT
polymerization with PDMAEMA as the first-stage monomer. The
degree of polymerization (DP) was designed as 100 for the sake
of suitable nanopore size and grafting amount of the as-prepared



Fig. 1. The synthesis protocol of P(DMAEMA-b-MAzo)/SBA-15 hybrid materials.
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hybrid materials [69]. The content of MAzo segments was varied
from 1 to 20 mol%. FTIR confirmed the modification of the surface
of SBA-15, the grafting of RAFT agent and P(DMAEMA80-b-
MAzo20)100 (Fig. 2a). A represented C@O vibration was found at
1730 cm�1, confirming that the successful grafting of PDMAEMA
brushes. Following the block copolymerization of the MAzo mono-
mers, the characteristic vibrations of PMAzo segments were
assigned at 1450 cm�1 for a new N@N vibration and 3280 cm�1

for a ANHA vibration. The grafting loading of P(DMAEMA-b-
MAzo)100 was calculated by the TGA method. Fig. 2b shows a
weight loss of the hybrid material raised between 200 and 500 �C
due to the surface grafting of polymer brushes. In comparison of
modified SBA-15 before the polymerization, the grafting amount
of P(DMAEMA80-b-MAzo20)100 can be calculated around 19.5 wt%.
The TEM image (Fig. 2c) shows a uniform contract of aligned
nanochannel structure on the hybrid materials with 3 nm in width
as compared the original width of original SBA-15 (Fig. S1). The
polymer brushes successfully grafted to the inner surface of SBA-
15 mesoporous nanoparticles, indicating that the polymerization
of DMAEMA and MAzo monomers didn’t destroy the mesoporous
structure of SBA-15. To some extent, the exterior surface of SBA
was obviously coarser (Fig. 2d).

N2 adsorption/desorption isotherms with the corresponding
pore-size distribution of the hybrid material are shown in Fig. 3a.
Nitrogen adsorption/desorption isotherms for all samples show
type IV pattern according to the IUPAC classification, with well-
defined capillary condensation step and exhibit obvious H1 hys-
teresis loops in the partial pressure range of 0.4–0.8, which are
attributed to the presence of mesopores in the obtained function-
alized SBA-15. Structural properties of the various mesoporous
samples, calculated from the adsorption/desorption isotherm by
using the Barrett-Joyner-Halenda (BJH) method, are summarized
in Table 1. All samples show good uniformity, with narrow pore
size distribution around 3.5 nm (Fig. 3b). The decreases in the pore
size values, surface area and pore volume also demonstrate the
successful immobilization of polymer brushes in the mesopores
channel of the SBA-15.

GPC analysis of functionalized SBA-15 products with different
comonomer ratio is shown in Fig. 3c and the analysis result for
all materials is summarized in Table 2. As shown in Fig. 3c and
Table 2, the copolymers of various P(DMAEMA-b-MAzo)100 have
the similar molecular weights with theory MAzo/DMAEMA = 1/99,
5/95, 10/90 and 20/80. Meanwhile, copolymers have narrow
molecular weight distributions (polydispersity, PDI) in a range of
1.16–1.21, which follow the unique law of RAFT polymerization.
The block segment can be confirmed by 1H NMR spectrum (Fig. 3d)
and calculated from the integral areas of specific signals of
PDMAEMA and PMAzo segments. Compared with the feed ratios
of comonomers, the experimental copolymers have near-theory
block structures (Table 2). Furthermore, TGA analysis was con-
ducted to quantitate the grafting amount of block copolymer
(Fig. 2b). After the surface-initiated RAFT reaction, the functional-
ized SBA-15 hybrids consisted of around 10 wt% P(DMAEMA-b-
MAzo)100 brushes (Table 2). The grafted copolymer brushes denote
significant environmental responsibility in various conditions.

3.2. UV–Vis transformation of P(DMAEMA-b-MAzo)100/SBA-15 hybrids

The photoresponsive properties of the P(DMAEMA-b-MAzo)100/
SBA-15 hybrids were investigated by various techniques. UV light
in a range of 320–400 nm was used to trigger the trans-cis isomer-
ization of azo groups. In this study, all hybrid materials showed
significant phenomenon of the trans-cis isomerization. For
instance, Fig. 4a shows UV–vis spectra of P(DMAEMA95-b-
MAzo5)100/SBA-15 hybrid with increasing UV light irradiation time
(up to 15 min) and revealed a large decrease of trans conformation
(p-p⁄), which was assigned as a strong wavelength at 365 nm.
Besides, the cis conformation (n-p⁄) absorbed around 440 nm
was increased. These are typical observations for the isomerization
of azo groups [46]. The cis-trans isomerization can occur by ther-



Fig. 2. The representative (a) FTIR spectra and (b) TGA curves of P(DMAEMA80-b-MAzo20)100/SBA-15 hybrid derived by the surface-initiated RAFT polymerization method and
(c and d) its TEM images.
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mal relaxation and exposure to visible light. White light irradiation
at room temperature revealed an excellent response (Fig. 4b). After
15 min the hybrid reached a photostationary state, while the
absorbance didn’t reach the same value as the pristine hybrid. This
phenomenon is similar to the cis-trans isomerization of pristine
MAzo monomer [46]. The hybrid was also allowed to relax back
at higher temperature in the dark (Fig. S2). However this process
took as slow as several hours. This allows us to investigate the
UV-exposed hybrids with other techniques without large changes
in the trans-cis ratio in the material.

We attempted to directly observe the photochange in the pore
size by the measurement of N2 adsorption/desorption isotherms.
As azo structure transforms from trans to cis conformation, the
molecular size decreases from 9.0 to 5.6 Å. The trans isomer has
no dipole moment, while the nonplanar cis isomer has a dipole
moment of 3.0 D. For cases of low azo-containing samples, as sum-
marized in Table 1, no changes in pore size were observed. This
result is similar to others’ reports [46]. This is probably due to
the adsorption of N2 molecules on the free space between the sur-
face azo groups. In case of P(DMAEMA80-b-MAzo20)100 grafted
hybrid, a change of 1.1 nm in the pore size was the evidence that
the trans-cis isomerization occurred after the UV light irradiation.
Besides, it was expected that the flexible PDMAEMA segment
might also contribute the fast response of block copolymer upon
light stimuli and promote the trans-cis isomerization. Furthermore,
because the PDMAEMA segments possess both pH and thermal
responsibilities, the as-synthesized hybrids exhibit three respond-
ing switches. Considering the ideal diblock structure of P
(DMAEMA-b-MAzo)100 brushes, various simultaneous responses
can be created, witch can meet multiple requirement in sensory
engineering.

3.3. Multi-stimuli controlled ions permeability

The fabrication of P(DMAEMA-b-MAzo)100/SBA-15 hybrids sen-
sors was performed following the spin-coating procedure on car-
bon electrodes [69]. In these cases, the thickness of the
nanoporous hybrids films were adjusted in the range of 2–5 lm
and the uniformity of as-prepared films was also controlled, as
reported in Fig. S3. The sensor was characterized using electro-
chemical impedance spectroscopy (EIS) in a 100 mM KCl solution
with a three-electrode cell system to obtain the mesoporous film’s
bulk resistance (Rb), which could be used to calculate the ionic con-
ductivity through the mesoporous channels.



Fig. 3. The representative (a) N2 absorption/desorption isotherm and pore size distribution of P(DMAEMA80-b-MAzo20)100/SBA-15 hybrid. (c) The GPC curves of various BCPs
separated from different hybrid materials. (d) The representative 1H NMR curve of P(DMAEMA95-b-MAzo5)100 BCP.

Table 1
Characterizations of mesoporous silica and its hybrid materials under visible and UV light exposure.

DPDMAEMA:DPMAzo Pore Sizea (nm) SBETb (m2 g�1) Pore Volumea (cm3 g�1)

Visc UVd Visc UVd Visc UVd

SBA-15 7.9 7.9 513 513 0.87 0.87
99:1 3.90 3.85 127.21 121.34 0.25 0.25
99:5 4.09 3.99 132.72 132.41 0.22 0.21
90:10 4.01 3.98 132.19 135.25 0.23 0.23
80:20 3.44 4.60 128.61 136.37 0.22 0.22

a The average pore size and pore volume were calculated by BJH method.
b The specific surface area was calculated by BET method.
c The trans-conformation of azo groups was kept under the visible light.
d The cis-conformation of azo groups was transmitted under the UV light for 30 min and was tested in dark.

Table 2
Characterizations of various BCP brush structures.

BCP Brush Structure DPDMAEMA:DPMAzo Mn
b Mw/Mn

b(PDI) Grafting Amountc

Theory 1H NMRa Theory GPC

P(DMAEMA99-b-MAzo1)100 99:1 94:1 15,793 14,940 1.15 14.7%
P(DMAEMA95-b-MAzo5)100 95:5 89:4 16,165 14,970 1.19 15.4%
P(DMAEMA90-b-MAzo10)100 90:10 83:8 16,630 15,030 1.21 17.6%
P(DMAEMA80-b-MAzo20)100 80:20 74:17 17,560 15,800 1.20 19.5%

a The segment ratios of various BCP brushes were characterized by 1H NMR method in CDCl3 solution and calculated on the integrated area ratios between ACOAOACH2A
group of PDMAEMA block and benzene groups of PMAzo block.

b The molecular weights and their polydispersities were characterized by GPC method.
c The grafting amounts of various BCP brushes were calculated by TGA method.

W. Li et al. / Chemical Engineering Journal 322 (2017) 445–453 449



Fig. 4. The representative UV–vis spectra of P(DMAEMA95-b-MAzo5)100/SBA-15 hybrid, including (a) the trans-cis isomerization under UV light exposure and (b) the cis-trans
isomerization under vis light exposure.
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The pH and thermal dual-responsive characters of PDMAEMA
segments allowed the variation of hydrodynamic radius in
response to changes in the pH or temperature in aqueous medium.
However, the hydrophobic and dense blocks containing trans-azo
Fig. 5. The ionic conductivity of different hybrid materials as a function of pH at room t
conductivity as a function of temperature at pH 10 (c) under vis light exposure and (d)
groups may preclude the responsibility of PDMAEMA brushes,
due to the poor solubility in water and zero dipole of trans-azo
groups. In order to confirm this, we incubated the hybrid sensors
in aqueous medium with different pH values from 4 to 10. Repre-
emperature (a) under vis light exposure and (b) under UV light exposure. The ionic
under UV light exposure.
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sentative ion conductivities of the product sensors following differ-
ent pH and light treatments are provided in Fig. 5. Incubation in
basic water under visible light caused vary weak changes in ion
conductivity. In comparison, after UV light irradiation, the sensors
exhibited significantly sensibility and ionic conductivities alter
rapidly between 7 and 8, which in accord with previous reported
(PDMAEMA pKa = 7.4) [70–72]. In this state, the cis conformation
of azo groups increased the dipole and molecular spacing between
azo groups, which allowed that small and polar ions could perme-
ate the hinder of PMAzo segments and ‘‘open” the ion nanochan-
nels, reflecting in a obvious jumping of ion conductivity. It is
noteworthy that the length of PMAzo segments was effective in
the change of the ion conductivity, which that high content of
PMAzo segment showed much more barrier action for the ion
transportation (Fig. 5a and b).

The thermo-responsibility of the product sensors further con-
firmed the barrier effect of trans-azo groups, as shown in
Fig. 5c and d. It is well-known that the variation of a typical LCST
behaviour on the PDMAEMA chain conformation is strongly depen-
dent upon temperature and the corresponding pH value in aqueous
medium [70,73]. Here, the LCST for a graft PDMAEMA was deter-
mined 39 �C at pH 10 [74]. In cases of the trans conformation, all
the hybrid sensors showed the LCST at 39 �C and the change of
ion conductivity was decreased with increasing molar fractions
of the PMAzo segment (Fig. 5c). After the UV light irradiation, the
cis-rich hybrid sensors showed higher LCST compared with those
of trans-rich ones, although the large shift of the LCST only
appeared at higher molar fractions of PMAzo segment as shown
in Fig. 5d. This behaviour was comparable with other azo BCPs in
Fig. 6. Comparative cyclic voltammograms displaying the molecular transport through P(
pH = 10 and using Ru(NH3)62+/3+ as a cationic redox probe, (a) under vis light exposure
functions of temperature. Electrolyte: 1 mM redox probe + 100 mM KCl. (d) The possibl
materials, switched by UV/vis light exposure.
pure water [61,69]. It is suggested that the photoisomerization
exert significant effect on the intermolecular interactions between
PDMAEMA and basic water, resulting a more prominent coil-
globule transition characteristic of PDMAEMA in basic water [62].
These results inspired us to use the hybrid sensors to control the
electrochemical switchable property triggered by UV–vis light irra-
diation under different solution pH or temperature.

To investigate the ionic transport properties of the hybrid inter-
facial assemblies, the diffusion of charged species through meso-
porous films supported on electrode was electrochemically
probed by CV using Ru(CN)62+/3+ as a anionic redox probe. Unlike
the drug-delivery cargo, this prototype probe was designed for
the sensor, so the payload of transportation ions was weaken for
the CV test. Before UV light irradiation, the nanopores of hybrid
sensors were coated with hydrophilic PDMAEMA brushes and
non-polar trans-azo groups at terminal. The intermolecular elec-
trostatic action between tertiary amine groups and Ru(CN)62+

cations were greatly impeded, although the PDMAEMA brushed
could be of coil-globule aggregation above the LCST. In the case
of P(DMAEMA95-b-MAzo5)100 brushes, the conductivity of Ru
(CN)62+ cations was almost the same with respect to the change
of temperature (Fig. 6a). After the UV light irradiation, the polar
cis-azo groups were no longer the barriers to the diffusion and
electrostatic interaction of Ru(CN)62+ cations, reflecting in assign-
able electrochemical response of Ru(NH3)63+ cations (Fig. 6b). As
expected, further increasing temperature above LCST (40 �C) evi-
denced a more pronounced gating response of the interfacial
assembly because PDMAEMA brushes were fully deprotonated,
and the freely mobile expanded chains collapse inside the pores.
DMAEMA95-b-MAzo5)100/SBA-15 mesoporous films as functions of temperature at
and (b) under UV light exposure. (c) The redox peak current of as-prepared device as
e mechanism of the ‘‘gate-on/off” effect of P(DMAEMA-b-MAzo)100/SBA-15 hybrid
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Fig. 6c compared the peak values of electrochemical response of Ru
(NH3)63+ cations trigger by UV light irradiation, illustrating excellent
gate-control for permslective transport of cations. Furthermore,
the LCST of P(DMAEMA-b-MAzo) BCPs can be adjusted by modify-
ing the MAzo ratio. For example, P(DMAEMA80-b-MAzo20)100
brushes exhibited higher LCST (44 �C) and the as-prepared sensor
showed a more enhancive change of electrochemical response of
Ru(NH3)63+ cations as shown in Fig. S4. Delighted by aforemen-
tioned results, we proposed the terminal segment containing azo
groups was essential to implement the environmental response
of PDMAEMA brushes. The trans conformation of azo groups could
greatly preclude the intermolecular interactions and transporta-
tion of ions. When the UV light excited the isomerization of azo
groups, the cis conformation showed larger polarity and smaller
molecular size, inducing significant pH/thermal-responsibility of
PDMAEMA brushes as schemed in Fig. 6d.

4. Conclusions

We have modified the nanopores of SBA-15 with pH and ther-
mal dual-responsive PDMAEMA BCPs that the terminal segment
contains a number of azo group, employing surface-initiated RAFT
polymerization from the inner wall of nanopores. The hybrid struc-
tures exhibit well-defined diblock and homogeneous covering of
the polymer brushes, forming a biomimetic smart ionic channel
with high potential for various environmental stimuli. Being
grafted from the inner wall of nanopores, while the terminal azo-
containing block can be either non-polar and dense (trans confor-
mation) or polar and loose (cis conformation) triggered by UV–
vis light exposure, the water solubility of the inner layer
(PDMAEMA) can be switched in response to pH or temperature
change. We found that upon the increase of azo groups, change
of ion transportation was greatly effect by the photoisomerization
of azo groups. After the UV light exposure, when the cis-azo con-
tent is above 5%, PDMAEMA chains become essentially depro-
tonized at pH >7.4 and gelated at T > LCST, undergoing coil-recoil
transition likes PDMAEMA in water alone. On the other side, under
the visible light irradiation, the trans-azo segments have poor sol-
ubility in water and non-polarity for hydrone and ions, resulting
that there is little coil-recoil transition of PDMAEMA chains. And
a much large photoinduced LCST shift as a result of trans-cis iso-
merization of azo group was observed. In light of the results, a pro-
totype of light-triggered hybrid sensor was fabricated. The cationic
probe can be permeated at high pH and T > LCST under UV light
irradiation, presenting a ‘‘gate-on” state. The non-selectivity can
be quickly switched by exposing the visible light, presenting a
‘‘gate-off” state. Because of the environment selective conforma-
tional behaviour, the as-designed system can give the potential
for being a versatile multi-stimuli-responsive nanodevice.
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