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Abstract 
Photoresponsive nanoporous polymer films have been fabricated by adding a 
photoresponsive azobenzene cross-linker to a hydrogen-bonded smectic liquid crystalline 
polymer network. A base treatment resulted in the nanoporous material which has been fully 
characterized. Upon exposure to UV light a decrease in the smectic layer spacing is 
observed, suggesting a decrease in pore size. In addition, the binding sites in the material 
could be changed with light, leading to light-induced adsorption of cations and cationic dyes. 
Finally, light could also be used to create nanoporous channels in the polymer film. 
 
Introduction 
Nanoporous materials have gained considerable attention in the past decade as appealing 
candidates for adsorption, delivery, and separation of ions and molecules.1 Such functional 
materials exhibit high porosity, low density, high specific surface area, and permeability.2 In 
the literature various (porous) materials have been described that show selective adsorption, 
including silica,3 hydrogels,4 metal-organic frameworks, zeolites, and polymers.5 Polymers 
offer advantages over these materials thanks to their versatility in chemistry and 
processability.  
Nanoporous materials based on liquid crystal (LC) polymers are especially appealing thanks 
to their uniform nanometer pore size, high surface area, and permeability, which promote the 
adsorption capacity and kinetics.6 Nanoporous LC networks have been reported as 
nanoporous membranes7 and (chiral) adsorbents.8  
A next challenge in this field is to control capture, transport, and release of species in 
nanoporous materials by an external stimulus.9 Various stimuli can be used including pH, 
light, temperature, magnetic and electric fields. Among them light is particularly attractive, 
allowing accurate and remote tuning with high spatial and temporal accuracy.10 One of the 
well-known photoresponsive moieties is azobenzene.11 This photochromic dye can undergo a 
trans-cis isomerization upon light irradiation causing a change in size, conformation, and 
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dipole moment.11-12 Isomerization of azobenzene compounds can lead to photochromic pKa 
changes,13 which might lead to a change in adsorption binding strength. When incorporated 
in a nanoporous molecules, the pore size can be changed driving its selectivity toward cations 
with different size.14,15  
Azobenzene molecules have been applied in liquid crystals and liquid crystal polymers16 to 
combine photoresponse with self-organization of molecules.11a However, photoresponsive 
nanoporous LC materials have only been rarely reported. Gas permeation LC membranes 
have been prepared which can switch between an impermeable ordered state and a permeable 
disordered state17 while azobenzene containing smectic LCs have been used to induce 
anisotropic ion conduction and photoswitchable ion conduction.18 Lyotropic azobenzene 
containing LC assemblies with switchable nanopores have also been reported.19 
Previously, we have reported on nanoporous smectic LC polymer network based on the self-
organization of reactive thermotropic hydrogen-bonded smectic liquid crystals as a very 
efficient adsorbent.6 The anionic pore interior of this nanoporous material was able to 
selectively adsorb cationic dyes such as methylene blue which could be retrieved after acid 
treatment of the polymer. We now report on photoresponsive nanoporous LC materials by 
incorporating a photoresponsive azobenzene cross-linker to the hydrogen-bonded smectic 
liquid crystalline polymer network. In order to create nanopores the polymer network is 
treated with a base leading to the breakup of the hydrogen bonds and a photoresponsive 
smectic nanoporous material. Interestingly, upon light exposure the lamellar spacing 
decreases as a result of the trans-cis isomerization. Remarkably, the number of binding sites 
in this material can also be controlled, resulting in light controlled adsorption of cations and 
cationic dyes. Finally, light is used to fabricate nanoporous channels in the polymer film.  
 
Experimental Section 
Materials. The photoresponsive cross-linker, 4,4-‘bis(6-methacryloyloxyhexyloxy)azobenzene 
(A6MA), was synthesized by Philips Research Laboratories.20 The hydrogen-bonded 4-(6-
acryloyloxylhexyloxy)benzoic acid (6OBA) was custom-made by Synthon Chemicals, 
Germany. The initiator, bis(2,4,6-trimethylbenzoyl)-phenylphosphineoxide (Irgacure 819), 
was supplied by Ciba Specialty Chemicals and the inhibitor p-methoxyphenol was purchased 
from Sigma-Aldrich.  
 
Preparation of the liquid crystalline monomer mixture. A LC mixture was made from the 
hydrogen-bonded 6OBA and the covalently bonded photoresponsive cross-linker A6MA, in a 
95/5 molar ratio. In order to make the mixture accessible for photopolymerization, 0.5 wt% 
photoinitiator was added and 0.1 wt% of p-methoxyphenol was added as thermal 
polymerization inhibitor. The mixture was made by dissolving the compounds in 
dichloromethane, which was subsequently evaporated.  
 
Photopolymerization. Films with a thickness of 6 or 18 μm were obtained by capillary 
suction of the mixture in the melt at 100 °C between two accurately spaced glass plates. The 
glass plates were provided with rubbed polyimide (OPTMER AL 1051, JSR Corporation, 
Tokyo, Japan) to obtain planar alignment. The glass cell was cooled to 90 °C at 5 °C / min 
followed by an isotherm of 2 min. The photopolymerization in the smectic state of the 
monomers was performed for 1000 s with a mercury lamp (Omnicure s1000, emitting at 320-
500 nm) which was provided with a 400 nm cutoff filter (Newport), to avoid the 
isomerization of the azobenzene moiety during polymerization. The intensity was 
approximately 22 mW cm-2 at the sample surface. To ensure maximum conversion of the 
acrylate bonds, the polymerization was followed by a heat treatment at 135 °C for 15 min. 
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Deprotonation and protonation. The polymer network was cut in small pieces to obtain 
polymer flakes which were (5 × 5 mm, 0.5 / 1.0 mg) immersed in 5 mL buffered sodium 
borate solutions (pH = 7 until 10) or 0.1 M KOH (pH = 13.0) to deprotonate the benzoic acid 
moieties leading to the breaking of the hydrogen bonds. The protonation process was done in 
5 mL buffered solutions or 0.1 M HCl (pH = 1.0). The films were kept 1 day in the KOH and 
HCl solutions and 3 days in the buffered solutions to equilibrate the system. 
 
Isomerization. The isomerization of the azobenzene LC network was investigated using the 
mercury lamp provided with a UV band-pass filter (<400 nm). The emitted intensity was 
approximately 25 mW cm-2. Polymer flakes were immersed in the buffered solution, 
irradiated, and stirred continuously. 
 
Adsorption: The adsorption process was performed with the cationic dye, methylene blue 
(MB) (Acros Organics). Polymer films were exposed to a freshly made, 5 µg/ mL MB 
buffered sodium borate solution.  
 
Characterization 
Fourier transform infrared spectroscopy (FTIR) spectra were obtained using a FTS 6000 
spectrometer from Bio-Rad equipped with Specac Golden gate diamond ATR and were 
signal-averaged over 50 scans at a resolution of 1 cm-1. Varian Resolution Pro software was 
used for the analysis of the spectra. Polarized optical microscopy (POM) studies were 
conducted using a Leica CTR 6000 microscope equipped with two polarizers that were 
operated either crossed or parallel with the sample in between a Linkam hot-stage THMS600 
with a Linkam TMS94 controller and a Leica DFC420 C camera. A DSC-Q1000 from TA 
Instruments was used with 1 °C / min temperature ramp ranging from 0 °C until 140 °C and 3 
min isotherm. The second cycle was used for characterization. POM samples were prepared 
between a not rubbed polyimide coated glass plate and a not coated cover glass. X-ray 
diffraction (XRD) of the monomer mixture was performed on a Ganesha lab instrument 
equipped with a GeniX-Cu ultralow divergence source producing X-ray photons with a 
wavelength of 1.54 Å and a flux of 1 × 108 photons/s. Scattering patterns were collected 
using a Pilatus 300 K silicon pixel detector with 487 × 619 pixels of 172 µm2 in size. A glass 
capillary was filled with the monomer mixture and heated with 30 °C / min till the isotropic 
phase was reached and subsequently cooled with 10 °C / min. Pictures were recorded for 5 
min. XRD experiments on polymer films at middle and wide angles have been performed at 
the DUBBLE-BM26B beamline at the ESRF, Grenoble, France.21 An X-ray wavelength  of 
1.033 Å and a sample-to-detector distance of about 20 cm were used. 2D images have been 
recorded using a Frelon CCD detector with pixel size of 43.88 × 43.88 m and dimension 
2048 × 2048 pixels. The CCD detector has been used in binning 2 × 2 mode. Images have 
been corrected for the incoming beam intensity, background scattering and sample 
absorption. After all the corrections have been applied, 2D images have been integrated along 
the same angular sector in order to obtain the I(q) vs q 1D profiles. The q scale (where q is 
the module of the scattering vector and is equal to 4/sin(), with  being half of the 
scattering angle). Polymer films were placed in the beam using a small holder equipped with 
two thin mica windows. The exposure time was 60 s per image. All spectra were smoothed to 
remove spikes. Absorbance measurements of the polymer films and dye absorption 
measurements of solutions were performed in 1 cm path length quartz cells and using an UV-
vis-NIR spectrophotometer (Shimadzu UV-3102).  
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Results and discussion 
Fabrication of nanoporous LCs polymer network: For making the photoresponsive 
nanoporous network a LC mixture (Figure 1A) was used containing a photoresponsive 
azobenzene diacrylate cross-linker (A6MA, molecular length in extended conformation is 3.6 
nm) and a hydrogen-bonded dimer diacrylate (6OBA dimer, molecular length in extended 
conformation is 3.9 nm) in a 5/95 molar ratio. The phase behavior of this mixture was 
characterized with DSC, POM, and XRD. DSC revealed upon heating a melting peak at 89 
°C followed with two mesophase transitions (Figure S1). Upon cooling the mixture exhibited 
a smectic A phase at 97 °C and it crystallized at 58°C (Figure S1). The phase transitions are 
similar to 6OBA mixed with a non photoresponsive cross-linker having a similar length and 
shape.6 The smectic phase was confirmed with XRD. An intermolecular spacing of 0.4 nm 
and a d-spacing (layer spacing) of 4.1 nm were calculated (Figure S2). The latter is in close 
agreement with the estimated molecular length of the 6OBA dimer, which embody 90 % of 
the LCs in the mixture, indicating a lamellar SmA arrangement. The mixture was 
incorporated in a liquid crystal cell having planar alignment layers and was photopolymerized 
in the smectic phase at 90 °C. After opening of the cell, a planar aligned free-standing 
polymer film of approximately 2.5 × 2.5 cm in size was obtained (Figure 1C). FTIR 
confirmed the conversion of the C=C bond of the acrylate groups at 1635 cm-1 (Figure S3) 
and the presence of the hydrogen bonds (vide infra). The polymer film revealed a 
homogeneous yellow color indicating that the azobenzene dye is equally distributed 
throughout the film. UV-vis spectroscopy measurements (Figure 3A) showed a typical 
azobenzene absorbance spectra,12b with an intense π→π* band at 361 nm, corresponding to 
the trans isomer and a much weaker n→π* band at longer wavelengths. POM pictures taken 
between crossed polarizers showed birefringence indicating that the material is aligned 
(Figure 1D and E). Observations with polarized light from a single polarizer showed that the 
azobenzene cross-linker is coaligned (Figure 1F and G), since the photochromic dye only 
absorbs light parallel to the molecular axis. XRD measurements showed four lobes featured 
at middle angles suggesting a planar aligned polymer film with a typical smectic C 
organization (Figure 1H). This means upon polymerization that the polymer layers are 
diagonally oriented in chevron-like fashion (Figure 1B).6,22 A narrow signal was found for the 
intermolecular distance (0.4 nm), and a d-spacing of 3.2 nm with a tilt of 41° with respect to 
the initial SmA organization was observed. The tilted d-spacing corresponds well with the 
molecular length of the 6OBA dimer. 
  

 
Figure 1 (A) Chemical structure of A6MA and 6OBA dimer. (B) Schematic representation of 
the formation of the polymer network causing a change in molecular organization. (C) The 
free-standing hydrogen-bonded polymer film. (D, E) POM images taken between crossed 
polarizers. The scale bar is 50 µm. The aligned azobenzene cross-linker in the polymerized 
film exhibits dichroism under 0° (F) and 90° (G) polarizers. (H) XRD picture of the polymer 
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film showing the smectic C structure. The molecular director in (D, E, F, G, and H) is in the 
same direction as depicted in (B0. 
  
The pH at which the hydrogen bonds are broken was determined by immersing the material 
in buffered solutions and followed with FTIR (Figure 2). For pristine hydrogen-bonded 
polymer films the signals at 1675 and 1425 cm-1, corresponding to the carbonyl bond in the 
hydrogen-bonded state and in-plane bending of the O-H bond, respectively, disappeared at 
pH = 9. Simultaneously, two new vibrations emerged at νs = 1540 cm−1 and νas = 1385 cm−1, 
and started to appear at pH = 9 to reach a maximum intensity at pH = 9.5. This indicates the 
formation of a carboxylate salt.23 Since the asymmetric carboxylic acid vibration at 1675 
cm−1 is completely vanished after the deposition in basic solution, it can be assumed that the 
conversion to the polymer salt is completed. In a second step the films - which were 
completely converted to the polymer salt - were immersed in lower pH solution. While 
decreasing the pH the vibrations at 1540 and 1385 cm-1 started to disappear at pH 8.5 and are 
completely absent at pH 7 and lower. However the vibration at 1675 cm-1 already appeared at 
pH 8 and lower. This indicates that the hydrogen bonds can be formed again and that this 
process occurs in two steps: (1) protonation of the carboxylate moieties followed with 92) the 
formation of hydrogen bonds. The latter signal does not reach its original height. This could 
be attributed to a decreased ordering of the tethers causing changes in the deprotonation 
process. This is why a second and third cycle of high and low pH treatment were performed. 
The trend was the same for both the breaking and the formation of the hydrogen bonds over 
both cycles, despite the fact that the deprotonation occurs at slightly lower pH (8.5 instead of 
9) for the second and third cycle compared to the first one. This demonstrated the 
reversibility of the pH response after the first cycle. A hysteresis was found between the pH 
of formation and rupture of the hydrogen bonds (Figure 2). 

 
Figure 2 Left: FTIR spectra of the pristine hydrogen-bonded polymer network and the 
polymer salt network. Right: FTIR absorbance at 1675 cm-1 of the polymer film of the cycle 
of deprotonation (opening) by increasing pH and protonation (closing) by decreasing pH.  
 
The polymer salt film showed a severe anisotropic swelling (Figure 3B and C) similar to 
earlier reported smectic 6OBA polymer films lacking the azobenzene cross-linker.24 The 
swelling mainly occurred perpendicular to the alignment direction of the LCs, and 
microscopy pictures revealed a macroscopic size increase of 43 % (± 10 %). Parallel to the 
alignment direction a 7 % (± 6 %) decrease was observed. UV-vis absorbance of the polymer 
salt film is less intense (Figure 3A). This is caused by swelling of the polymer film and a loss 
of order of the azobenzene moiety (vide infra).  
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Figure 3 UV-vis spectra (A) and microscope pictures of the hydrogen-bonded polymer film 
(B) and swollen polymer salt film (C). The alignment direction is indicated by the arrows, the 
scale bar is 100 µm. 
 
XRD revealed an almost isotropic signal for both the intermolecular and the layer distance 
(Figure 4E, S4 and S5) and small deviations of the intensity are found over the rings. The d-
spacing is 3.5 nm which is close to the estimated length of the azobenzene cross-linker in the 
trans state. Observations with polarized light revealed that there is little dichroism remaining 
(Figure 4C and D), indicating that the azobenzene cross-linker is practically macroscopically 
unaligned since the photochromic dye only absorbs light which is parallel to the molecular 
axis. This confirmed the observations from XRD. However, POM pictures taken between 
crossed polarizers (Figure 4A and B) clearly show the birefringence, indicating that some 
alignment of the cross-linker is still left. These observations could be explained with a 
multidomain smectic A undulating layer model25 drawn in Figure 4F. Macroscopically the 
material is hardly aligned, but within the domains some anisotropy is left, resulting in 
birefringence. The dimensions (1.53 × 10-5 cm3) and layer spacing characteristics of the 
swollen polymer salt network point to a 2D pore surface area of 8.75 cm2.  
 

 
Figure 4 POM pictures of the polymer salt network taken between crossed polarizers (A, B, 
arrows indicate polarization direction). The scale bar is 50 µm. The aligned azobenzene 
cross-linker in the polymerized film exhibits marginal dichroism under (C) 0° and (D) 90° 
polarizers. (E) XRD picture of the polymer salt network. (F) Proposed model of the polymer 
salt network. 
 
Photoresponsive behavior: The photoresponsive properties of the free standing polymer 
network films were investigated by a variety of techniques. UV light in the wavelength range 
of 320-400 nm was used to perform trans-cis isomerization of the azobenzene cross-linker. 
UV-vis spectroscopy measurements revealed a large decrease of the trans peak at 361 nm and 
the appearance of the cis isomer peak at 446 nm for both the hydrogen-bonded and the 
polymer salt networks (Figure 5A and 5C). These are typical observations for the 
isomerization of azobenzene12b and proof that the isomerization occurs. However, exact 
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values for the conversion cannot be given due to the difficulties in determining the initial 
trans-cis ratio and the extinction coefficients, caused by changes in volume and orientation of 
the azobenzene in the anisotropic films. The kinetics of the photoresponsive was analyzed by 
plotting the absorbance at 361 nm as a function of time (Figure 5E). This revealed a steep 
slope in the first s followed by a flattening, indicating that a photostationary state is reached. 

 
Figure 5 Isomerization of azobenzene induced with light at room temperature measured with 
UV-vis spectroscopy. (A) and (B) hydrogen-bonded polymer network and (C) and (D) 
polymer salt network. (E) and (F) the absorbance at 361 nm over time. The plots on the left 
represent the trans-cis isomerization. The plots on the right are from the cis-trans 
isomerization. 
 
The isomerization kinetics can be described by the following equation which has been used to 
study the isomerization of azobenzene in thin (glassy) polymer films.26,27  
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0A , tA and A represent the absorbance at the initial state, at time t (s) and at infinite time, 

respectively. fk  and sk embody a fast and slow rate constant (s-1) and is the fraction which 

underwent the fast reaction. This model divides the isomerization kinetics into two first order 
reactions. The rate constants were determined and are summarized in Table 1. The 
calculation can be found in the Supporting Information. These typical values26 reveal that the 
rate constants are on the same order of magnitude and that two processes play a significant 
role. For the hydrogen-bonded network fk is higher, while sk is higher for the polymer salt 

network. The underlying mechanism could be based on mobility arguments, which are higher 
in the state were the hydrogen bonds are broken. But in addition, this swollen polymer salt 
system is known to stretch the bridging cross-linker to a smectic A configuration, as 
confirmed by the XRD data.22 In our system the azobenzene compound is the cross-linker 
which is stretched along the long axis thus bringing the azo moiety under stress, especially in 
the cis state, leading to an anticipated mechanical-chemical acceleration of the back-reaction. 
This could also explain the smaller decrease of the trans signal in the polymer salt state at 
photostationary conditions. 
 
Table 1 Kinetic parameters of the light-induced isomerization in the hydrogen-bonded and 
polymer salt film using eq 1 
 

A    
fk  (×10-3)(s-1) 1-  sk (×10-3)(s-1) 

Hydrogen 
bonded 
polymer 

0.69 0.6 -42.1 0.4 -2.2 

Polymer 
salt 

0.42 0.7 -33.1 0.3 -5.0 

 
The back-isomerization can occur by thermal relaxation and exposure to visible light. Blue 
light irradiation at room temperature revealed a very fast response (Figure 5B, D and F). 
Within 20 s both networks reached a photostationary state. Remarkably, the absorbance does 
not reach the same value as the pristine films. The films were also allowed to relax back at 
room temperature in the dark (Figure S6). This revealed a slow process which took tens of 
hours. This allows us to investigate the UV-exposed films with other techniques without large 
changes in the trans-cis ratio in the material.   
 
Pore Size Changes 
XRD measurements (Figure 6) on the polymer salt network revealed that after UV irradiation 
the d-spacing is 3.3 nm, which is 0.2 nm smaller than before. This might be caused by the 
molecular length change of the azobenzene cross-linker under UV exposure. However, the 
isomerization of the azobenzene moiety itself is known to causes a molecular length change 
of 0.35 nm.12b This discrepancy could be attributed to the fraction of azobenzene units which 
were not isomerized to the bended cis state and the flexibility of the main chain between two 
azobenzene units could allow deformation. This measurement was performed with the same 
polymer salt film as before (Figure 4E) which was shielded by a mica window during both 
measurements to prevent water evaporation. Furthermore, the signal at 18.5 nm-1 is more 
pronounced, and could be attributed to water. This could mean that water is squeezed out of 
the nanostructured material. Although the humidity has played a role by inducing some 
limitations in measuring conditions, it is the first indication that the isomerization of 
azobenzene changed the d-spacing in smectic liquid crystalline polymer networks and could 
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indicate the formation of smaller pores. The 5% decrease in d-spacing did not result in a 
macroscopic change that could be observed with the naked eye. Optical microscopy pictures 
also did not show observable dimensional changes upon irradiation (Figure S7 and S8). 
Because of relatively low concentration of azobenzene, one could expect shrinkage and 
expansion in the direction parallel and perpendicular to the molecular director, 
respectively.28,29 Adsorption experiments revealed that the adsorption of methylene blue 
(MB)

6 was not influenced by light meaning that binding sites are equally accessible for this 
dye (Figure S9). 

 
Figure 6 XRD image from the UV-irradiated polymer salt film (A) and the 1D profiles of the 
UV irradiated and not irradiated polymer salt film (B). The layer spacing is 0.2 nm smaller 
after UV irradiation (C)  
 
Change in binding sites 
The influence of the isomerization of azobenzene on the number of binding sites was 
explored by exposing the polymer film to a certain pH and simultaneous light irradiation. 
Buffer solutions were selected so that the resulting films were in the hydrogen-bonded state, 
in the polymer salt state, and at the edge between hydrogen-bonded and polymer salt, but still 
in the hydrogen-bonded regime, at pH 7.0, pH 9.9, and pH 8.5, respectively (Figure 2). 
Polymer films underwent an alkaline and acid treatment prior to use. This was done to erase 
the initial molecular ordering and get in the reversible regime. Subsequently, the films were 
immersed in buffer solution and allowed to equilibrate for a day before they were irradiated 
with UV light at room temperature. IR spectra were recorded during 60 min of UV 
irradiation. No changes were found in these spectra for the material at pH 7.0 and 9.9 (Figure 
S7 and S8). Interestingly, the film in pH 8.5 solution revealed a gradual change in the 
vibrations at 1675, 1540, 1425, and 1385 cm-1 (Figure 7) showing that hydrogen bonds were 
converted to the polymer salt during UV irradiation. This is slower than the isomerization of 
azobenzene (Figure 5E), and could be attributed to a slower diffusion of ions. This 
conversion is most likely caused by the change in dipole moment of the isomerized 
azobenzene cross-linker, which causes a change of the pK a of the benzoic acid moieties, 
resulting in the formation of a nanoporous polymer salt film. Photochromic pK a changes in 
azobenzene molecules have been reported. 15 Remarkably, in our case photochromic changes 
lead to the formation of binding sites in the polymer material. It should be noted that an 
elevated temperature, caused by the thermal heating of the sample by illumination, does not 
affect the process (Figure S10). Light controlled release of ions was investigated as well. UV 
exposed polymer salt films at pH 8.5 were irradiated with blue light to induce the back-
isomerization. This resulted in the cis-trans isomerization of the azobenzene, but no hydrogen 
bonds were re-formed and no ions were released. This is most likely caused by the hysteresis 
as earlier observed (Figure 2). Lowering of the pH is necessary to release ions.  
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Figure 7 Left: FTIR spectra taken from the irradiated hydrogen-bonded polymer film at pH 
8.5 Right: the intensity of the absorbance at 1675 cm-1 during isomerization of azobenzene in 
buffered solutions.  
 
The photoinduced creation of binding sites can be visualized with the adsorption of MB. 
Therefore, MB was added to the pH 8.5 buffer and the pretreated hydrogen-bonded film was 
immersed in the blue colored 3 mL 5 µg/mL MB solution and irradiated with UV light for 3 h 
while being stirred. The solution became gradually less blue, and the film appeared blue 
(Figure 8A & B). Absorbance spectra were recorded of the solution in situ with UV-vis 
spectroscopy, confirming the decrease of MB in solution (Figure 8C). A similar experiment 
was performed with a pretreated hydrogen-bonded polymer film in MB buffer solution, but 
without the UV irradiation step. This solution is still blue after 3 h, and UV-vis measurements 
revealed only a small decrease of MB in solution, indicating that this film hardly adsorbs 
MB. UV irradiation of a MB buffer solution without adsorbent revealed a marginal decrease 
of the MB absorbance signal (Figure S11), indicating that (photo) reduction of MB barely 
occurred.30 
 

 
Figure 8 Photoinduced adsorption of MB. The hydrogen-bonded polymer film does not 
adsorb MB (A). Exposure of this polymer film to UV light results in the adsorption of MB 
(B). Change of absorbance of MB over time for both the light exposed and nonexposed 
polymer films (C). Locally irradiated polymer film that only adsorb at the illuminated areas 
(D). The scale bar is 1 mm.  
 
We have also investigated if light can be used to create a nanoporous pattern in the hydrogen-
bonded polymer film. Therefore a polymer film was covered with a lined photomask, 
irradiated for 1 h and subsequently immersed in a MB solution. Figure 8D shows that only 
the areas which have been illuminated have adsorbed MB. This shows that a light stimulus 
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can create nanopores in a polymer films and show the merits of using light as local stimulus 
to control transport in a polymer material.  
 
Conclusions 
Our work shows photoresponsive nanoporous LC polymer films which can be fabricated by 
incorporation of an azobenzene cross-linker in a smectic liquid crystalline hydrogen-bonded 
polymer network and subsequent treatment with an alkaline solution. Interestingly, upon 
exposure to UV light a decrease of the smectic layer spacing in polymer salt network is 
observed, suggesting that the pore size alters. Although preliminary show no change of the 
adsorption toward cationic dyes, such a result is interesting to control capture and release of 
species. Moreover, the isomerization of azobenzene moieties leads to a change in the number 
of the binding sites, resulting in light-induced adsorption of cations and cationic dyes. This 
effect is most likely due to a change in dipole moment of the azobenzene cross-linker leading 
to a change of the pK a of the surrounding benzoic acid moieties. Such a mechanism is novel 
and should be taken into account in porous materials that show light-induced adsorption, 
transport and release of species. The absorbed cations can in principle be released again by 
lowering the pH, which makes these materials appealing for the recovery of valuable species 
or for cleaning purposes. Light can also be used to create nanoporous channels in a polymer 
film, showing that this method can be potentially used to control transport of species in 
polymer materials.  
 
Associated content 
Supporting information 
Additional monomer and material characterization, derivation of the kinetics and an 
adsorption study is available free of charge on the ACS Publications website at DOI: 
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