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S1. Synthesis of SPOH and SPMA  

SPOH. H-NMR (400 MHz, CD3CN), δ (ppm): 8.089 (1H, d), 8.04, 8.01 (1H, d), 7.20-7.09 (2H, dd), 7.07, 7.03 (1H, d), 6.89-6.24 
(1H, t), 6.76, 6.73 (1H, d), 6.70,6.68 (1H, d), 6.03, 6.01 (1H, d), 3.73-3.53 (2H, m), 3.39-3.3 (2H, m), 3.28-3.21 (1H, m), 1.45-1.24 
(3H, m), 1.13-1.13 (3H, m).  
 

 

Figure S1. H-NMR spectrum, chemical structure and photograph of SP-OH (compound 3). 

 
SPMA. H-NMR (400 MHz, CDCl3) δ (ppm): 7.97-7.90 (2H, m), 7.19-7.12 (1H, m), 7.02 (1H, d), 6.83 (2H, d), 6.65 (2H, q), 5.99 
(1H, s), 5.90-5.70 (2H, m), 5.68-5.48 (2H, m), 4.23 (2H, t), 3.59-3.45 (2H, m), 1.84 (3H, s), 1.02 (3H, s), 1.09 (3H, s). 
 
 



 

 

Figure S2. H-NMR spectrum of SPMA in CDCl3. 

S2. The monomer solution for synthesis of IPNs with different guest polymers 
This section describes the guest polymer compositions and the monomer solutions for fabricating the photo-responsive IPNs. The 
hydrophilic and hydrophobic IPNs were fabricated by copolymerisation of: 
1. HEMA, poly(ethylene glycol) methyl ether acrylate (PEGMEA) and SPMA into poly(HEMA-co-PEGMEA-co-SPMA) guest pol-
ymer.   
2. Butyl methacrylate (BMA) and SPMA into poly(BMA-co-SPMA) guest polymer. 
3. Combination of BMA, HEMA and SPMA was used to fabricate three partially hydrophilic poly(BMA-co-HEMA-co-SPMA) IPNs 
with different ratio of BMA/HEMA (11:1, 7:1 and 3:1). 
The monomer solution of the above guest polymers was prepared as follows:  
The monomer solution for poly(HEMA-co-EGMEA-co-SPMA) IPN: 1.6 mL of HEMA, 1.6 mL of PEGMEA and 0.36 gr of SPMA 
were mixed in 1.12 mL of THF and 1.12 mL of ETOH. 
The monomer solution for poly (BMA-co-SPMA) IPN: 3.5 mL of BMA and 0.471 gr of SPMA were mixed in 1mL of THF. 
The monomer solution for poly(BMA-co-HEMA-co-SPMA) IPN, where the molar ratio of BMA/HEMA is 11/1 (8.5% HEMA in 
the guest polymer): 3.18 mL of BMA, 0.233 mL of HEMA, 1 and 0.471 gr of SPMA were mixed in 1mL of THF. 
The monomer solution for poly(BMA-co-HEMA-co-SPMA) IPN, where the molar ratio of BMA/HEMA is 7/1 (12% HEMA in the 
guest polymer): 3.04 mL of BMA, 0.35 mL of HEMA, 1 and 0.471 gr of SPMA were mixed in 1mL of THF. 
The monomer solution for poly(BMA-co-HEMA-co-SPMA) IPN, where the molar ratio of BMA/HEMA is 3/1 (24% HEMA in the 
guest polymer): 2.59 mL of BMA, 0.7 mL of HEMA, 1 and 0.471 gr of SPMA were mixed in 1mL of THF. 

S3. Developmenet of a thermodynamic model 
This section introduces the reader to development of a thermodynamic model based on Hansen Solubility Parameters (HSP) to design, 
develop and optimize the SP-IPN-based DDS. 

S3.1. Thermodynamic model of a drug-polymer-solvent system 
Adsorption and desorption of a drug to or from the surface of a material (e.g. a guest polymer in an IPN) can be described by the 
intermolecular interactions between the drug, polymer and solvent. A thermodynamic model based on the interrelation of HSP 1 and 
the work of adhesion 2 was developed to estimate the intermolecular interactions between drug, polymer and solvent and to predict 
whether the release of specific drugs with different log P values can be triggered by light, i.e., if the change in work of adhesion 
caused by irradiation of light is enough to trigger the desorption and release of a drug from the SP-based IPN. 

S3.2. Hansen solubility parameters (HSP)  
The HSP gives a systematic estimate of the compatibility between two compounds. This can be a solvent or a polymer. It describes 
the cohesive energy that holds molecules together to form materials or liquids, and is equal to the energy needed for vaporization 
(breaking all the cohesive bonds). This energy arises from dispersion forces (d), polar forces (p) and hydrogen bond forces (h) 1 with 
the total cohesive energy 𝐸𝐸 (J/mol) being the sum of these individual energies, as given in eq. (S1) 1: 

 𝐸𝐸 = 𝐸𝐸𝑑𝑑 +  𝐸𝐸𝑝𝑝 +  𝐸𝐸ℎ (S1) 



 

The Hansen solubility parameter 𝛿𝛿 is an energy density (with the unit MPa1/2,) which can be obtained through eq. (S2) where, 𝑉𝑉 is 
the molar volume (mL/mol), and is the sum of the individual energy densities δd, δp, and δh, arising from dispersion-, polar- and 
hydrogen bond forces, respectively 1, as shown in eq. (S3) 

  𝛿𝛿2  = (𝐸𝐸/𝑉𝑉) (S2) 

 δ2 = δ2𝑑𝑑 +  δ2𝑝𝑝 +  δ2ℎ (S3) 

Materials with similar HSP have high affinity towars each other, i.e., the similarity of the HSP of two materials in a given situation 
determines the extent of their interactions 1. HSP has been widely used in many applications, e.g., predicting the best solvent for the 
coating and cleaning industry, predicting environmental stress cracking in polymers and determining the absorption or diffusion of 
chemicals in polymers 1. 

S3.3. Theoretical estimation of HSP 
The HSP can be obtained theoretically using  group contribution calculations based on chemical structure information and experi-
mentally by mixing the compound with different solvents 1,3. 
When estimating the HSP from chemical structure information, it is assumed that the contributions from the chemical groups are 
additive. If the structure of a compound is known, HSP can be calculated from tabulated group contribution values and from the molar 
volume of the compound.  
𝛿𝛿𝑑𝑑  can be estimated from eq. (S4) [185], 

 𝛿𝛿𝑑𝑑 = ��𝐹𝐹𝑑𝑑,𝑛𝑛
𝑛𝑛

� /𝑉𝑉 (S4) 

where 𝐹𝐹𝑑𝑑,𝑛𝑛 (J1/2 cm3/2 mol−1) is the 𝑛𝑛th group molar dispersion attraction constant listed in Table S1, and 𝑉𝑉 (mL/mol) is the molar 
volume of the compound. The unit of 𝛿𝛿𝑑𝑑 is √MPa. 
𝛿𝛿𝑝𝑝 can be estimated from eq. (S5) 3, 

 
𝛿𝛿𝑝𝑝 = ���𝐹𝐹𝑝𝑝,𝑛𝑛�

2

𝑛𝑛

�
1/2

/𝑉𝑉 (S5) 

where, 𝐹𝐹𝑝𝑝,𝑛𝑛 (J1/2 cm3/2 mol−1) is the 𝑛𝑛th group molar polar attraction constant listed in Table 4.1-1. The unit of 𝛿𝛿𝑝𝑝 is √MPa. 
𝛿𝛿ℎ  can be estimated from eq. (S6) 3. 

 
𝛿𝛿ℎ = ��𝑈𝑈ℎ,𝑛𝑛

𝑛𝑛

/𝑉𝑉�
1/2

 (S6) 

Where, 𝑈𝑈ℎ,𝑛𝑛 (J mol−1) is the contribution of hydrogen bonds to the molar cohesive energy listed in Table S1. The unit of 𝛿𝛿ℎ is √MPa. 
 
Table S1. Dispersion, polar and hydrogen bonding group contribution values (Van krevelen 4). 

Structural group 
𝑭𝑭𝒅𝒅 

(𝑱𝑱𝟏𝟏/𝟐𝟐 𝒄𝒄𝒄𝒄𝟑𝟑/𝟐𝟐 𝒄𝒄𝒎𝒎𝒎𝒎−𝟏𝟏) 
𝑭𝑭𝒑𝒑 

(𝑱𝑱𝟏𝟏/𝟐𝟐 𝒄𝒄𝒄𝒄𝟑𝟑/𝟐𝟐 𝒄𝒄𝒎𝒎𝒎𝒎−𝟏𝟏 
𝑼𝑼𝒉𝒉 

(𝑱𝑱 𝒄𝒄𝒎𝒎𝒎𝒎−𝟏𝟏) 

–CH3 420 0 0 
–CH2–  270 0 0 

>CH– 80 0 0 

>C< -70 0 0 
=CH2 400 0 0 
=CH– 200 0 0 

=C< 70 0 0 
Phenyl 1430 110 0 
–F 220 – – 
–Cl 450 550 400 
–Br 550 – – 
–CN 430 1100 2500 
–OH 210 500 20000 
–O– 100 400 3000 



 

–COH 470 800 4500 
–CO– 290 770 2000 
–COOH 530 420 10000 
–COO– 390 490 7000 
HCOO– 530 – – 
–NH2 280 – 8400 
–NH– 160 210 3100 
>N– 20 800 5000 
–NO2 500 1070 1500 
–S– 440 – – 
=PO4 740 1890 13000 

 

S3.4. Work of adhesion 
Work of adhesion is the minimum work required to separate two adjacent phases in contact and the energy needed to break the 
adhesive bonds 2,5. Therefore, the work of adhesion is an interesting thermodynamic parameter that can be used to predict if a certain 
drug will be released from a certain polymer in a certain environment. Decreasing of the work of adhesion between the polymer and 
drug means that it is getting more energetical favourable for the drug to desorb from the polymer surface. 
Figure S3 illustrates the release process from an IPN. It shows, from a thermodynamic point of view, what happens upon exposure 
to UV light at the triple-phase boundary comprising a drug, guest polymer and solvent. The desorption and triggered release of the 
drug from the IPN can be described in terms of the involved surface energy changes. The work of adhesion (𝑊𝑊𝑃𝑃𝑃𝑃) between a polymer 
(𝑃𝑃) and drug (𝐷𝐷) can be derived from eq. (S7) by considering the relationship between the interfacial surface tension (𝛾𝛾) of the drug, 
polymer and solvent (water) 2,5. 

 𝑊𝑊𝑃𝑃𝑃𝑃 = 𝛾𝛾𝑃𝑃𝐷𝐷 +  𝛾𝛾𝑃𝑃𝐷𝐷 −  𝛾𝛾𝑃𝑃𝑃𝑃 (S7) 
 

𝛾𝛾 is the interfacial surface tension between two substances where 𝑃𝑃, 𝐷𝐷 and 𝑊𝑊 denote the polymer, drug and solvent (water), respec-
tively. 

 

 
Figure S3. Schematic of the desorption of a drug molecule from a photo-responsive guest polymer surface in an IPN. 

S3.5. Relation between HSP and the work of adhesion 
The surface tension of matter originates from the cohesive forces holding this matter together. Consequently, the surface tension of a 
substance can be divided into the different types of forces (dispersion forces (𝑑𝑑), polar forces (𝑝𝑝) and hydrogen bonding interactions 
(ℎ)) that contribute to the cohesive forces, which is considered when the interfacial surface tension is estimated. The interfacial surface 
tension between the two substances is given by eq. (S8) 6–8. 

 
𝛾𝛾12 = 𝛾𝛾1 +  𝛾𝛾2 − 2�𝛾𝛾1𝑑𝑑𝛾𝛾2𝑑𝑑 (S8) 

The first two terms are the attractive forces of the individual substances toward its own phase, and the last term is the geometric mean 
of the attractive forces across the interface, where 𝑑𝑑 denotes the contribution of dispersion forces to the surface tension.  
So far only cases, in which the attractive forces across the interface are exclusively of dispersion nature, have been described in the 
literature 6–8. As can be seen from eq. (S8), only dispersion forces are assigned to contribute to the attraction forces across the interface. 
Fowkes proposed that the surface tension term, resulting from the intermolecular attraction of dissimilar liquids, is the geometric 
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mean of the interacting tension contributions of the two liquids, allowing these to interact by dispersion forces, but he does not 
consider any of the other contribitions. A more holistic model is to consider that all types of attractions can exist across the interface. 
The interfacial surface tension is then given by eq. (S9), where i denotes the individual types of interaction.  

 𝛾𝛾12 = 𝛾𝛾1 + 𝛾𝛾2 − 2��𝛾𝛾1𝑖𝑖𝛾𝛾2𝑖𝑖
𝑖𝑖

 (S9) 

When dispersion forces (d), polar forces (p) and hydrogen bonding interactions (h) are considered, eq. (S9) can be rewritten as eq. 
(S10). 

 𝛾𝛾12 = 𝛾𝛾1 + 𝛾𝛾2 − 2 ��𝛾𝛾1𝑑𝑑𝛾𝛾2𝑑𝑑 + �𝛾𝛾1
𝑝𝑝𝛾𝛾2

𝑝𝑝 + �𝛾𝛾1ℎ𝛾𝛾2ℎ � (S10) 

The surface tension of a pure substance (𝛾𝛾1) can be estimated by applying HSP where the correlation between 𝛾𝛾1 and HSP is given 
by eq. (S11) 9, 

 
𝛾𝛾1 = 𝑘𝑘1V

1
3 ��

𝛿𝛿𝑑𝑑
𝑘𝑘3
�
2

+  𝑘𝑘2 ��
𝛿𝛿𝑝𝑝
𝑘𝑘3
�
2

+  �
𝛿𝛿ℎ
𝑘𝑘3
�
2

�� (S11) 

where 𝑉𝑉 is the molar volume of a substance (mL/mol), 𝛿𝛿 is the energy density of a specific type of molecular interaction (√MPa), 
and 𝑘𝑘1 is Beerbower's constant which has a value of 0.0715 10. 𝑘𝑘3 is a conversion constant with the value of 2.0455 changing the unit 

of HSP from √MPa to � cal
cm3.  To determine the value of constant 𝑘𝑘2, the theoretical surface tension of 132 solvents with known HSP 

and surface tensions at 25 ℃ were calculated using eq. (S11). Based on this, the root mean square error (RMSE) between the calcu-
lated and known surface tensions was determined and minimized by changing the value of 𝑘𝑘2 using Excel's solver function. This 
yields a value for 𝑘𝑘2 of 0.5793 with an RMSE of 6.6.  
By rearranging eq. (S11), it becomes obvious that the contribution of the individual types of interactions to the total surface tension 
of a substance can be based on HSP, which is given by eq. (S12): 

 
𝛾𝛾1 =

𝑘𝑘1V
1
3

𝑘𝑘3
2 𝛿𝛿𝑑𝑑

2 +
𝑘𝑘1𝑘𝑘2𝑉𝑉

1
3

𝑘𝑘3
2 𝛿𝛿𝑝𝑝

2 +
𝑘𝑘1𝑘𝑘2𝑉𝑉

1
3

𝑘𝑘3
2 𝛿𝛿ℎ

2 

(S12) 

 
 

 

Where 𝛾𝛾d , 𝛾𝛾p , and 𝛾𝛾h are the surface tension associated with dispersion-, polar- and hydrogen bonding forces, respectively. By 
substituting eq. (S12) into eq. (S10), the work of adhesion (𝑊𝑊𝑃𝑃𝑃𝑃) given by eq. (S7), can be rewritten as eq. (S13): 

𝑊𝑊𝑃𝑃𝑃𝑃 =  𝛾𝛾𝑃𝑃 +  𝛾𝛾𝐷𝐷 − 2 ��𝛾𝛾𝑃𝑃𝑑𝑑𝛾𝛾𝐷𝐷𝑑𝑑 + �𝛾𝛾𝑃𝑃
𝑝𝑝𝛾𝛾𝐷𝐷

𝑝𝑝 + �𝛾𝛾𝑃𝑃ℎ𝛾𝛾𝐷𝐷ℎ  � +  �𝛾𝛾𝑃𝑃 +  𝛾𝛾𝐷𝐷 − 2 ��𝛾𝛾𝑃𝑃𝑑𝑑𝛾𝛾𝐷𝐷𝑑𝑑 + �𝛾𝛾𝑃𝑃
𝑝𝑝𝛾𝛾𝐷𝐷

𝑝𝑝 + �𝛾𝛾𝑃𝑃ℎ𝛾𝛾𝐷𝐷ℎ  ��

− �𝛾𝛾𝑃𝑃 +  𝛾𝛾𝑃𝑃 − 2 ��𝛾𝛾𝑃𝑃𝑑𝑑𝛾𝛾𝑃𝑃𝑑𝑑 + �𝛾𝛾𝑃𝑃
𝑝𝑝𝛾𝛾𝑃𝑃

𝑝𝑝 + �𝛾𝛾𝑃𝑃ℎ𝛾𝛾𝑃𝑃ℎ �� 

         = 2𝛾𝛾𝐷𝐷 − 2��𝛾𝛾𝑃𝑃𝑑𝑑𝛾𝛾𝐷𝐷𝑑𝑑 + �𝛾𝛾𝑃𝑃
𝑝𝑝𝛾𝛾𝐷𝐷

𝑝𝑝 + �𝛾𝛾𝑃𝑃ℎ𝛾𝛾𝐷𝐷ℎ + �𝛾𝛾𝑃𝑃𝑑𝑑𝛾𝛾𝐷𝐷𝑑𝑑 + �𝛾𝛾𝑃𝑃
𝑝𝑝𝛾𝛾𝐷𝐷

𝑝𝑝 + �𝛾𝛾𝑃𝑃ℎ𝛾𝛾𝐷𝐷ℎ − �𝛾𝛾𝑃𝑃𝑑𝑑𝛾𝛾𝑃𝑃𝑑𝑑 − �𝛾𝛾𝑃𝑃
𝑝𝑝𝛾𝛾𝑃𝑃

𝑝𝑝 − �𝛾𝛾𝑃𝑃ℎ𝛾𝛾𝑃𝑃ℎ� 

        = 2�𝛾𝛾𝐷𝐷 − �𝛾𝛾𝑃𝑃𝑑𝑑𝛾𝛾𝐷𝐷𝑑𝑑 − �𝛾𝛾𝑃𝑃𝑑𝑑𝛾𝛾𝐷𝐷𝑑𝑑 + �𝛾𝛾𝑃𝑃𝑑𝑑𝛾𝛾𝑃𝑃𝑑𝑑 − �𝛾𝛾𝑃𝑃
𝑝𝑝𝛾𝛾𝐷𝐷

𝑝𝑝 − �𝛾𝛾𝑃𝑃
𝑝𝑝𝛾𝛾𝐷𝐷

𝑝𝑝 + �𝛾𝛾𝑃𝑃
𝑝𝑝𝛾𝛾𝑃𝑃

𝑝𝑝 − �𝛾𝛾𝑃𝑃ℎ𝛾𝛾𝐷𝐷ℎ − �𝛾𝛾𝑃𝑃ℎ𝛾𝛾𝐷𝐷ℎ + �𝛾𝛾𝑃𝑃ℎ𝛾𝛾𝑃𝑃ℎ� 

(S13) 

 

Where the initials D, W and P refer to drug, water and polymer, repectively. From eq. (S12), �𝛾𝛾𝑃𝑃𝑑𝑑𝛾𝛾𝐷𝐷𝑑𝑑 , �𝛾𝛾𝑃𝑃
𝑝𝑝𝛾𝛾𝐷𝐷

𝑝𝑝  , and �𝛾𝛾𝑃𝑃ℎ𝛾𝛾𝐷𝐷ℎ  can be 

derived and introduced into eq. (S13), giving eq. (S14): 

 

𝑊𝑊𝑃𝑃𝑃𝑃 = 2 �𝛾𝛾𝐷𝐷 −
𝑘𝑘1
𝑘𝑘3

2 𝑉𝑉𝑃𝑃
1
6𝑉𝑉𝐷𝐷

1
6𝛿𝛿𝑑𝑑𝑃𝑃𝛿𝛿𝑑𝑑𝐷𝐷 −

𝑘𝑘1
𝑘𝑘3

2 𝑉𝑉𝑃𝑃
1
6𝑉𝑉𝐷𝐷

1
6𝛿𝛿𝑑𝑑𝑃𝑃𝛿𝛿𝑑𝑑𝐷𝐷 +

𝑘𝑘1
𝑘𝑘3

2 𝑉𝑉𝑃𝑃
1
6𝑉𝑉𝑃𝑃

1
6𝛿𝛿𝑑𝑑𝑃𝑃𝛿𝛿𝑑𝑑𝑃𝑃 −

𝑘𝑘1𝑘𝑘2
𝑘𝑘3

2 𝑉𝑉𝑃𝑃
1
6𝑉𝑉𝐷𝐷

1
6𝛿𝛿𝑃𝑃𝑃𝑃𝛿𝛿𝑃𝑃𝐷𝐷 −

𝑘𝑘1𝑘𝑘2
𝑘𝑘3

2 𝑉𝑉𝑃𝑃
1
6𝑉𝑉𝐷𝐷

1
6𝛿𝛿𝑃𝑃𝑃𝑃𝛿𝛿𝑃𝑃𝐷𝐷

+
𝑘𝑘1𝑘𝑘2
𝑘𝑘3

2 𝑉𝑉𝑃𝑃
1
6𝑉𝑉𝑃𝑃

1
6𝛿𝛿𝑃𝑃𝑃𝑃𝛿𝛿𝑃𝑃𝑃𝑃 −

𝑘𝑘1𝑘𝑘2
𝑘𝑘3

2 𝑉𝑉𝑃𝑃
1
6𝑉𝑉𝐷𝐷

1
6𝛿𝛿ℎ𝑃𝑃𝛿𝛿ℎ𝐷𝐷 −

𝑘𝑘1𝑘𝑘2
𝑘𝑘3

2 𝑉𝑉𝑃𝑃
1
6𝑉𝑉𝐷𝐷

1
6𝛿𝛿ℎ𝑃𝑃𝛿𝛿ℎ𝐷𝐷 +

𝑘𝑘1𝑘𝑘2
𝑘𝑘3

2 𝑉𝑉𝑃𝑃
1
6𝑉𝑉𝑃𝑃

1
6𝛿𝛿ℎ𝑃𝑃𝛿𝛿ℎ𝑃𝑃� 

(S14) 

 



 

By applying eq. (S14) using known and calculated values, it is possible to determine the work of adhesion (𝑊𝑊𝑃𝑃𝑃𝑃 in  mN/m) between 
a polymeric matrix and a drug in a given solvent. The validity of this new thermodynamic model is shown when applied for designing 
the guest polymer composition of IPN based DDS which is discussed in the main manuscript. 
 

S4. Estimation of HSP of monomers and copolymers as the guest polymers of IPNs 
 
 
Table S2. The HSP and molar volume V of monomers present in the guest polymer composition of different IPNs. 

Monomer 
𝛿𝛿d 

(Mpa1/2) 
𝛿𝛿p 

(Mpa1/2) 

𝛿𝛿h 
(Mpa1/2) 

V 
(mL/mol) 

BMA 15.77 3.20 5.72 159.13 
HEMA 10.12 4.53 12.46 121.63 
SPMA 16.95 4.13 6.75 361.63 
PEGMEA 15.7 2.90 8.80 440.37 

 
Table S3. The HSP of copolymers as the guest polymer composition of different IPNs. 

Guest polymer composition 
𝛿𝛿d 

(Mpa1/2) 
𝛿𝛿p 

(Mpa1/2) 
𝛿𝛿h 

(Mpa1/2) 
Vm 

(mL/mol) 

Poly(BMA-co-SPMA) 15.83 3.25 5.77 168.85 
Poly(HEMA-co-PEGMEA-co-SPMA) 11.57 4.186 11.44 197.37 
Poly(BMA-co-HEMA-co-SPMA), BMA/HEMA: 11/1 (8.5% HEMA) 15.25 3.34 6.29 165.03 

Poly(BMA-co-HEMA-co-SPMA), BMA/HEMA: 7/1  (12% HEMA) 
15.15 

 
3.41 

 
6.58 

 
164.76 

Poly(BMA-co-HEMA-co-SPMA), BMA/HEMA: 3/1  (24% HEMA) 
14.47 

 
3.57 

 
7.39 

 
160.25 

 

S5. ATR-FTIR spectra of Poly(BMA-co-SPMA) IPN and poly(HEMA-co-PEGMEA-co-SPMA) IPN. 
 

 

Figure S4. ATR-FTIR spectra of poly(BMA-co-SPMA) IPN and poly(HEMA-co-PEGMEA-co-SPMA) IPN.  

S6. Water uptake kinetics of photo-responsive IPN 
The water uptake of the photoresponsive IPNs before and after irradiation with UV light was evaluated. Samples were kept in a 
desiccator for one day, then they were weighed (𝑤𝑤0) and put into individual vials containing PBS (pH 7.4). The samples were taken 



 

out at given time points, wiped gently to remove the excess water from the surface and weighed (𝑤𝑤𝑡𝑡). The samples were then trans-
ferred back to their vials. To study the swelling under UV light, samples were kept under the UV lamp (6 watt, 375 nm, Analytik 
Jena, Germany). The water content of the samples was calculated using eq. (S15)  

 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑐𝑐𝑐𝑐𝑛𝑛𝑤𝑤𝑤𝑤𝑛𝑛𝑤𝑤 (%) =
𝑤𝑤𝑡𝑡 − 𝑤𝑤0

𝑤𝑤𝑡𝑡
 × 100% (S15) 

As shown in figure S5, the hydrophilic poly(HEMA-co-PEGMEA) IPN, not containing any SP, has a high water uptake around 30% 
after reaching the equilibrium. When adding the SP monomer in the poly(HEMA-co-PEGMEA-co-SPMA) IPN, the water uptake 
was decreased to around 23%. The total water uptake of the hydrophobic poly(BMA-co-HEMA-co-SPMA) IPN with 8.5% HEMA 
and poly(BMA-co -SPMA) IPN is much lower, around 2.3% and 1.2%,  respectively. However, an increase of the water uptake is 
seen in all photo responsive IPNs upon UV light, which is due to isomerization of hydrophobic SP moieties to the hydrophilic MC 
form.  

 
Figure S5. Water uptake measurements with and without applying UV light. Data are presented as mean ± standard deviation (n = 3). 

 

S7. Calculation of the HSP and the work of adhesion 
In order to use the developed thermodynamic model to study the light-triggered release of the different drugs, the HSP of the drugs 
were taken from the literature 11–13, as listed in Table 1. The HSP of SPMA before and after isomerization (SPMA and MCMA) was 
estimated using the group contribution method, as described in section S3.3 As seen in figure S6, there are ionic group (N+ and O- in) 
the structure of MCMA; but there are no HSP values for ionic group contributions. One way to overcome this could be to use the 
values of -NH2 and -OH instead of N+ and O-, respectively. However, an ionic bond is much stronger compared to a hydrogen bond, 
i.e. more energy would be needed to break them apart (cohesive energy). A hydrogen bond typically has an energy of 10-40 KJ/mol, 
while an ionic bond has 700-4000 KJ/mol energy 14. The values of 𝛿𝛿p and 𝛿𝛿h for -NH2 and -OH are not high enough to resemble the 
group contribution values of the polar ionic groups. Therefore, in order to obtain a better resemblance of HSP values for polar ionic 
groups, the -NH2 and -OH values of the 𝛿𝛿p and 𝛿𝛿h were multiplied by 5 and 10, respectively, and used as the group contribution values 
for N+ and O-. Based on this assumption, the HSP values of MCMA was estimated and presented in Table S4.  
By inserting the HSP of the drugs (Table 1), monomers (SPMA and MCMA) (Table S4 and Table S5) and the solvent (water, 𝛿𝛿d= 
15.5 𝛿𝛿p= 16 𝛿𝛿h= 42.3) into eq. (S14), the work of adhesion before and after exposing the IPN to light was calculated with the resulting 
values shown in figure 7. 
 

 



 

 
Figure S6. The structure of SPMA and MCMA and the participating functional groups for estimating HSP. 

 

Table S4. Calculations of the HSP for SPMA by the group contribution method 

Structural group 
𝑭𝑭𝒅𝒅 

(𝑱𝑱𝟏𝟏/𝟐𝟐 𝒄𝒄𝒄𝒄𝟑𝟑/𝟐𝟐 𝒄𝒄𝒎𝒎𝒎𝒎−𝟏𝟏) 
𝑭𝑭𝒑𝒑 

(𝑱𝑱𝟏𝟏/𝟐𝟐𝒄𝒄𝒄𝒄𝟑𝟑/𝟐𝟐 𝒄𝒄𝒎𝒎𝒎𝒎−𝟏𝟏) 
𝑼𝑼𝒉𝒉 

(𝑱𝑱 𝒄𝒄𝒎𝒎𝒎𝒎−𝟏𝟏) 

 –CH3 420 0 0 

 Phenyl 1430 110 0 

 –NO2 500 1070 1500 

 –O– 100 400 3000 

 >N– 20 800 5000 

 >C< -70 0 0 

 =CH– 200 0 0 

 –CH2– 270 0 0 

 –COO– 390 490 7000 

 𝛿𝛿d = 16.95  
Mpa1/2 

𝛿𝛿p= 4.13  
Mpa1/2 

𝛿𝛿h= 6.75  
Mpa1/2 

 

Table S5. Calculations of the HSP for MCMA by the group contribution method. 

Structural group 
𝑭𝑭𝒅𝒅 

(𝑱𝑱𝟏𝟏/𝟐𝟐 𝒄𝒄𝒄𝒄𝟑𝟑/𝟐𝟐 𝒄𝒄𝒎𝒎𝒎𝒎−𝟏𝟏) 
𝑭𝑭𝒑𝒑 

(𝑱𝑱𝟏𝟏/𝟐𝟐𝒄𝒄𝒄𝒄𝟑𝟑/𝟐𝟐 𝒄𝒄𝒎𝒎𝒎𝒎−𝟏𝟏) 
𝑼𝑼𝒉𝒉 

(𝑱𝑱 𝒄𝒄𝒎𝒎𝒎𝒎−𝟏𝟏) 

 –CH3 420 0 0 

 Phenyl 1430 110 0 

 –NO2 500 1070 1500 

 –OH 210 500 20000 

 –NH2 280 610 8400 



 

 >C< -70 0 0 

 =CH– 200 0 0 

 –CH2– 270 0 0 

 –COO– 390 490 7000 

 =C< 70 0 0 

 𝛿𝛿d = 18.36  
Mpa1/2 

𝛿𝛿p= 11.40  
Mpa1/2 

𝛿𝛿h = 28.44  
Mpa1/2 

 

S8. Biocompatibility test (Cell viability and immunocytochemistry) 

Figure S7. Viability of hNSCs and their differentiation into dopaminergic neurons on poly(BMA-co-SP) IPN a) Fluorescence confo-
cal images of cells stained with live (Calcein AM) and dead (EthD-1) stain 24 hours after seeding. b) Statistical analysis of cell 
viability (n=3). c) Live/dead staining of cells on UV-exposed IPN. d) Respective stastistical analysis of cell viability (n=3). e) Max-
imum intensity projections of fluorescence confocal images taken from 150 μm thick optical section. Immunocytochemistry shows 
an even coverage of the IPN by the differentiated neurons: ß- III tubulin (green); TH (red); nuclei (blue); merge (green, red, blue). 

S9. Two-photon NIR excitation of photo-responsive IPN 
To perform this two-photon NIR experiment, a T-shaped (height by width: 2.5 × 2.5 mm2) area was defined on a poly(BMA-co-
HEMA-co-SPMA) IPN (Figure below) by exposing the area using a custom-built two photon microscope, based on a published 
design 223, equipped with a Coherent Chameleon Discovery femtosecond laser. The exposure was performed by manually navigating 
the stage 500 μm between each neighboring exposure area, each being 530 × 530 μm2. The excitation wavelength was 750 nm, using 
a 25x/1.1 NA objective and 512 scan lines. As seen in the photo in Figure below-a, the color of the IPN changed to purple in the 



 

small T-shaped zone, due to exposure to two photon laser light, indicating successful SP to MC isomerization in that zone. Figure 
below-b shows an enlargement of the T-shaped zone in transmitted light. Figure below-c shows the fluorescence emission after two-
photon laser light exposure, where the T-shaped area shifts towards red in comparison with the other parts of the IPN. It seems that 
the whole IPN has a weak fluorescence emission, but the T-shaped area has a stronger fluorescence due to the SP to MC isomerization. 
This indicates that two photon NIR could potentially be used to trigger the release of drugs from the developed IPNs. 
 
 

 
Figure S8. Demonstration of two photos NIR excitation of an IPN: a) Photo of the IPN with a ruler showing its size with a T-shaped zone, 
exposed to two-photon laser light, b) a zoomed image of the T-shaped area in transmitted light with a 2.5x objective and c) a fluorescence 
image of T-shape area using blue excitation (488 nm) with a 2.5x objective. 

S10. Photochromic properties of SPOH 
 

 
Figure S9: a) The solution images, chemical structure and UV-Vis absorption spectra of SPOH and MCOH solution of the photoisomerization 
in THF. b) Time-dependent UV-Vis absorbance of SPOH upon UV irradiation. c) Reversible SPOH photochromism with alternating UV on 
and off. d) Normalized and exponential fitting curves for the kinetics of SP to MC and MC to SP isomerization for SPOH solution at the 
corresponding λmax with UV on and off. 

The isomerization of SPOH to MCOH upon UV irradiation was investigated. A solution of SPOH in tetrahydrofuran (THF) (10-4 M) 
was prepared and exposed to UV light for 5 min at 375 nm using an Analytikjena, 6-watt UV lamp. As seen in Figure S9a, the 
colourless solution of SPOH was converted into the purple MCOH upon UV irradiation, due to the spiro C–O bond cleavage and 
formation of the highly polar zwitterion isomer MC. The optical absorption of the sample was determined before and after UV 
exposure. Figure S9a shows a broad absorption band at 591 nm which appear in the UV–Vis spectrum of the SP-OH solution exposed 
to UV (UV on). This band disappear when the solution stays in the dark (UV off). It can be seen in Figure S9b that the absorption 
intensity increases with the UV exposure time and reaches a plateau after 5 min (S9d). 
 



 

The photo-fatigue resistance toward photodegradation and the repeatability of the photoswitching property of SPOH was evaluated 
by exposing the sample to alternating cycles of UV on and off. Each cycle took 5 min, and the absorption at 591 nm was immediately 
monitored. The results confirmed that the isomerization was reversible for at least four continuous cycles (Figure S9c) and the inten-
sity of absorption peak at 591 decreased after each cycle due to the photo-fatigue of SP. The kinetics of the SP to MC isomerization 
was studied by monitoring the increase of the absorption band at 592 nm every 30 seconds of UV exposure. To study the kinetic of 
the MC to SP isomerization, MCOH was generated by exposing the solution to UV light for 5 min. The isomerization of MC to SP 
was then followed in the dark by monitoring the decay of the absorption band at 592 nm every 30 seconds. As seen in Figure d, the 
measured absorbances were plotted versus time. Origin software (Professional 9) was used for fitting the resulting curves to extract 
the kinetic equations and rate constants. For this purpose, the SP to MC isomerization kinetics was fitted by using the BoxLucas 1 
model, and the MC to SP isomerization (the back reaction) was fitted by using the ExpDec1 model, the resulting exponential equations 
presented in eq. (S16) and (S17), respectively. 
 
𝑁𝑁𝑐𝑐𝑤𝑤𝑁𝑁𝑤𝑤𝑁𝑁𝑁𝑁𝑁𝑁𝑤𝑤𝑑𝑑 𝑤𝑤𝑎𝑎𝑎𝑎𝑐𝑐𝑤𝑤𝑎𝑎𝑤𝑤𝑛𝑛𝑐𝑐𝑤𝑤 (𝑤𝑤) = 𝐴𝐴(1 − exp(−𝐾𝐾c1𝑤𝑤)) (S16) 
𝑁𝑁𝑐𝑐𝑤𝑤𝑁𝑁𝑤𝑤𝑁𝑁𝑁𝑁𝑁𝑁𝑤𝑤𝑑𝑑 𝑤𝑤𝑎𝑎𝑎𝑎𝑐𝑐𝑤𝑤𝑎𝑎𝑤𝑤𝑛𝑛𝑐𝑐𝑤𝑤 (𝑤𝑤) = 𝐴𝐴0 + 𝐴𝐴 exp (−𝐾𝐾c2𝑤𝑤)  (S17) 
  

Where, 𝐴𝐴 and 𝐴𝐴0 represents the constant values, and 𝐾𝐾c1 and 𝐾𝐾c2 are the rate constants for the SP to MC (eq. (S16)) and MC to SP 
(eq. (S16)) isomerization, respectively. 𝐾𝐾c could be a good indication of the sensitivity or responsivity of the SPOH solution toward 
light. The correlation coefficient (R2) was excellent for both fitted equations: 0.95 and 0.99 for eq. (S16) and S17, respectively with 
the corresponding extracted kinetic parameters of kc1= 0.023 and kc2= 0.037. The lower rate constant belongs to SP to Mc isomeriza-
tion, which means that the isomerization reaction is slower than the reverse reaction.  
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	Figure S3. Schematic of the desorption of a drug molecule from a photo-responsive guest polymer surface in an IPN.

