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2. Materials and Methods 

2.2. Electrochemical Sensors and Measurement Setup 
Figure S1 shows the measurement setup. 

 
Figure S1: Measurement setup: 1) PalmSens multiplexer MUX8-R2 (PSTrace software 5.7), 2) connector, 3) sensor, 4) computer.  
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2.4. Gravimetric Hydrogel Characterization 
Table S1: Variables of the gravimetric analysis 

Name Short Formular Determination 
Number-average molecular weight 
of the polymer chain between the 
cross-links [1] 

𝑀ഥ௖ 1𝑀ഥ௖ = 2𝑀ഥ௡ −  ṽ/𝑉ଵ[𝑙𝑛൫1 − 𝑣ଶ,௦൯ + 𝑣ଶ,௦ + 𝑣ଶ,௦ଶ ]𝑣ଶ,௥[ቀ௩మ,ೞ௩మ,ೝቁభయ − ௩మ,ೞ௩మ,ೝ]  

 

Calculation 

Number-average of molecular 
weight 

𝑀ഥ௡ Weight of the crosslinking polymer, PEG-DMA, 
1-10kDa 

From molecule specification 

Specific volume of the polymer ṽ ṽ=1/ρp With ρp, the bulk density of the poly-
mer with 1.1 kg×L-1 

Molar volume of the solvent (18 
cm3/mol for water) 

V1 Molecular specification of water 18*10^-3 L×mol-1 for water 

Flory-Huggin’s polymer–solvent in-
teraction parameter [1] 

χ 
 

0.495 for PEG-water system 

Volume fraction of the relaxed gel v2,r v2,r=Vp/Vr 
 

Volume fraction of the swollen gel v2,s v2,s=Vp/Vs 
 

Relaxed volume of the polymer Vr 
 

Weighing and recording the weight af-
ter crosslinking (minus Wsens), and cal-
culation of volume over the water den-
sity 1 mg/µl 

Weight of the hydrogel after cross-
linking 

Wc  Weighing and recording the weight af-
ter crosslinking and subtraction of Wsens 

Weight of the water in hydrogel  Ww Ww= Wwash- Wdry Calculation 

Volume of the swollen gel Vs 
 

Ww in volume, 1 mg≙1 µl 

Swollen hydrogel weight Wsh Wsh= Wwash-Wsens.  

Volume of the polymer Vp Vp=Wp/ρp The density ρp is 1.1 kg×L-1 

Weight of the washed hydrogel  Wwash  Weighing and recording the weight of 
the sensor with hydrogel after initial 
swelling (washing) 

Weight of the polymer Wp Wp=Wdry-Wsens Calculation 

Weight of the dried hydrogel after 
drying 24 h at room temperature  

Wdry  Weighing and recording the weight of 
the sensor with hydrogel after initial 
swelling and drying 

Weight of the screen-printed sensor  Wsens  Sensor weight, on which the hydrogel 
was fabricated 

Mesh size [2]  
 = 𝑣ଶ,௦ିଵ/ଷ ∗ 𝐶௡భమ ቆ2Mഥ௖𝑀௥ ቇభమ ∗ 𝑙  

Calculated 

Rigidity factor of the polymer [3] Cn  4 for PEG 

Molecular weight of repeating units 
[2] 

Mr  44 *10^-3 kg/mol for PEG 

Carbon-carbon bond length [2] l  0.154 nm 

Swelling ratio SR SR= Wsh/Wp  
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2.5. Hydrogel Characterization with Scanning Electron Microscope 
To avoid electron charging effects, the hydrogel layers were fabricated on screen-printed silver layers for the im-
aging characterisation with the SEM. The pore structure of the hydrogel dried in a vacuum chamber was clearly 
visible, in contrast to hydrogels sputtered in a Cressington Sputter Coater 108auto before SEM analysis. The hy-
drogels were coated with a mixture of gold (Au) and palladium (Pd). 

 
Figure S2: SEM images of vacuum dried and lyophilized hydrogel structures. 
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3. Results 
3.2 Gravimetric Hydrogel Characterization 
Table S2: Determined values form Gravimetric hydrogel characterization. 

Molecular 
weight of  

PEG-
DMA, Mw 

(kDa) 

Molar con-
centration of 
PEG-DMA in 
the ink (MCI) 
(µmol/L) 

PEG-
DMA 
weight 
percent 
in the ink 
(%(w/w)) 

PEG-DMA 
Molar 
Concentra-
tion in the 
ink  
(µmol/L ) 

Weight 
of the  
polymer 
(Wp) 
(mg) 

Swollen 
Hydrogel 
Weight 
(Wsh) 
(mg) 

Swelling  
ratio  
SR= 
Wsh/Wp 

Number-average 
molecular weight 
of the polymer 
chain between 
the cross-links, 
M̅c (g/mol)  

Mesh 
size ξ 
(nm) 

1 54.1 5.4 54.1 7 101 14.43 407.37341 3.58 

2 27.1 5.4 27.1 8.6 100.3 11.66 630.38039 4.46 

3.4 15.9 5.4 16 14.7 140.4 9.53 900.60772 5.15 

10 5.4 5.4 5.4 13.9 128.5 9.24 1238.2168 6.91 

 

 
Figure S3: Correlation between (A) swelling ratio and the molar concentration in the ink, (B) swelling ratio and the molecular weight of 
PEG-DMA (kDa) (C) mesh size and the molar concentration in the ink (D) mesh size and the molecular weight of PEG-DMA (kDa). 
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3.5. Response of MB-Conjugates of Sensors with and without Hydrogel 

 
Figure S4: DPV measurement on electrochemical sensors of MB-BSA and MB-IgG (A) without and (B) with hydrogel (10kDa PEG-DMA 
as crosslinker) over 60min. During the first five minutes, a DPV measurement was performed every minute and afterwards every five 
minutes. 

3.6 Hydrgel Characteriazion with Different PEG-DMA Molecular Weights 

 
Figure S5: Normalized DPV peak currents (nA/µM MB) of MB, MB-BSA, and MB-IgG measurements on 1, 2, 3.4 and 10kDa PEG-DMA 
hydrogel modified sensors over 60 min. Curves were fitted with a Langmuir fitting function. 
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Table S3: Values of the equilibrium rate constant kt. 

PEG-DMA (kDa) Methylene blue MB-BSA MB-IgG 
kt±sd, (min-1) kt±sd, (min-1) kt±sd, (min-1) 

1 14.4±0.5 21.1±2.5 18.8±1.9 
2 15.9±1.7 28.1±3.7 10.3±1.2 
3.4 20.1±2.1 46.5±10.6 53.8±2.5 
10 15.2±1.9 46.5±8.0 18.4±1.0 
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