
SUPPLEMENTARY INFORMATION TO 
 

Application of polymethylpentene, an oxygen permeable thermoplastic, for 
long-term on-a-chip cell culture and organ-on-a-chip devices 

 
 
S1 Measurement of O2 and CO2 permeability of polymers 
 
Permeation measurements were conducted using the constant-pressure method, analogue to ASTM 
D3985 - 17, though employing gas chromatography (GC) analysis on the permeate stream, in a home-
made permeation set-up at SINTEF Industry, Norway (figure S1a). Samples are placed in a home-
made circular permeation cell (figure S1b) in which a porous stainless plate is applied to support the 
sample during higher pressure conditions. Sealing is easily obtained by clamping the sample between 
the O-rings installed on the front and back-side of the module. 
 
The permeation cell is placed in a Memmert UF450 forced air circulation oven for temperature 
control. Automated mass flow controllers (MFC) (Bronkhorst High-Tech, F-201CV) are used to 
control the gas supply to the front and back side of the module. The pressure of the front side is 
controlled with the help of a back-pressure controller (Bronkhorst High-Tech, P-702CV, max. 30 
bars). The permeate side is always at atmospheric pressure, and the permeate flow is measured using 
an automated mass flow meter (Bronkhorst High-Tech, F-101D, size 100 mL/min). In order to 
determine the amount of permeated gas, a two-channel (MS and PPU column) µ-GC (Agilent 490) 
equipped with thermal conductivity detectors (TCD) is employed to monitor the concentration of the 
permeated components, in this case O2 and CO2, in the Ar sweep gas. 
 
The permeation experiments for subsequently O2 and CO2 are performed as follows for the PMP and 
PDMS films: 
1. Seal sample in cell, and connect to set-up; 
2. Expose the cell to a small overpressure of N2 (1 barg) employing an Ar sweep flow rate (~20 

Nml/min) on the other side of the sample (typically ~2 hours); Temperature is left to stabilize 
to 37°C; 

3. At stable condition of temperature and pressure, and GC analysis, N2 is replaced by O2; 
4. O2 gradually permeates through the sample, and the breakthrough is determined by the GC. 

The permeation is left to stabilize to obtain the permeate rate at 37°C (until the next day); 
5. Subsequently, the permeation is as well verified at 0 and 0.5 barg after which the O2 is 

replaced by CO2 and the tests are repeated. 
 
For polycarbonate, the procedure was the same, except an overpressure of 4 barg was utilized. 
 
 
 

 



 

 
Figure S1: Set-up A picture of (a) the home-made permeation set-up and (b) the home-made circular 
permeation cell with the PDMS film after the gas permeation test (right). 
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S2 Transmission light imaging of adherent cells on commercial PMP film without polishing  
 
 
 
 
 
 
 
 
 
 
   

 

 

 

Figure S2: Commercial PMP film The commercial PMP film from Goodfellow has (a) one gloss and 
(b) one matt side, although it is stated from the manufacturer to be "Clear/transparent".  
 

 

 

 

 

 

 

 

 

 

 
 
Figure S3: Transmission light images of cells grown on unpolished PMP film Transmission light 
images of adherent cells growing (a) on the gloss side and (b) on the matt side of the commercial PMP 
film in its native, unpolished state. On this unpolished PMP, it is not possible to observe the cells' 
morphology and state. 
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S3 Raw data from monitoring of oxygen concentration  
 

Figure S4: Raw data from monitoring of oxygen concentration. Results from monitoring the 
oxygen concentration during four days of culture of A549 cells in the three different device versions of 
the culture chamber module; sensor/glass (blue), sensor/PMP (green) and sensor/PDMS (orange) (see 
figure 2 and section 2.2.1 for details on device designs). The plot displays the raw data behind the plot 
in figure 7. Each line represents the oxygen measurements in one cell cultivation chamber. 
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S4 Oxygen supply to cells in culture 

Delivery of oxygen to cells in culture 

The demand of oxygen supply for cultured cells depends on the cells' oxygen consumption rate (OCR) 
(units: mol cell-1 s-1) and number of cells per area in a cultivation device. Multiplying the two gives the 
oxygen consumption rate in units mol cm-2 s-1. 

In conventional cell culture the supply of oxygen happens by diffusion from the surrounding air through 
the cell culture medium and is given by Fick's first law: 

𝐹 ൌ 𝐷 ∗  
∆𝐶
∆𝑥

( S1 ) 

where F, D, C and x are the flux, diffusion coefficient, concentration and thickness of the medium layer. 
In the microfluidic culture chambers used in this work, the supply of oxygen happens by diffusion from 
the surrounding air through the PMP film and is given by Fick's first law for gas flux in a polymer film: 

𝐹 ൌ 𝐷 ∗
∆ሺ𝑝 ∗ 𝑆ሻ

∆𝑥
ൌ 𝐷 ∗ 𝑆 ∗

∆𝑝
∆𝑥

ൌ  𝑃 ∗
∆𝑝
∆𝑥

( S2 ) 

Where p, S and P are the pressure, solubility coefficient and permeability of the relevant gas in the 
polymer. The unit of F is mol cm-2 s-1. 

Calculation of oxygen flux through PMP film and culture medium 

Calculation of oxygen flux through culture medium for in vitro cell culture is thoroughly described by 
Place et al. [9]. The current calculations of flux through culture medium and PMP are performed 
accordingly. A schematic of the two set-ups is found in figure S5. 

Figure S5: Schematic illustration with input parameters Schematic illustration of oxygen flux in standard 
cell culture in polystyrene well plates where oxygen diffuses through the culture medium, and oxygen flux in the 
presented culture chamber module where oxygen diffuses through the PMP material. 



Input parameters Δp and ΔC 

The cells are cultured in standard conditions, i.e., in a cell cultivation incubator at 37°C with 100% 
humidity and 5% CO2. This reduces the gaseous oxygen concentration from 21% in dry air to 18.6% 
in the incubator [9]. At sea level with atmospheric pressure 1 atm = 760 mmHg, the partial pressure of 
oxygen is thus 141.4 mmHg (760 mmHg * 18.6%) in the air inside the incubator. 

At the interface between air and culture medium, the gaseous oxygen in the air is in equilibrium with 
dissolved oxygen in the medium. Henry's law describes the gas solubility in a liquid medium and 
states that the molar concentration of dissolved gas (C(d): mM) is directly proportional to the partial 
pressure of the gas (P(g): mmHg) of the overlying air and the Henry constant (H: mmHg/mM) [9]. 

C(d) = P(g) / H Henry's law 

Values for Henry's constant are difficult to estimate and need to be determined experimentally [9]. We 
utilize the value of H as given in Place et al. [9] applying for culture medium with an ionic strength of 
175 mM (average for most mammalian culture mediums), with atmospheric pressure of 760 mmHg, at 
37°C, which is H = 771.65 mmHg/mM. This gives a concentration of dissolved oxygen at the medium 
surface of  

C(d) = 141.4 mmHg / 771.65 mmHg/mM = 0.183 mM 

We calculate the maximum flux of oxygen through the culture medium or PMP, hence for the 
situation where we set the partial pressure of oxygen / the concentration of dissolved oxygen at the cell 
layer to 0 mmHg / 0 mM. 

Consequently, the oxygen pressure difference across the PMP film, Δp, is 

Δp = 141.4 mmHg – 0 mmHg = 141.4 mmHg 

And the oxygen concentration gradient from the medium surface to the cell layer, ΔC, is 

ΔC = 0.183 mM – 0 mM = 0.183 mM 

Input parameter Δx 

For the situation of oxygen flux through the PMP film, Δx is the thickness of the film which is  

ΔxPMP = 125 µm 

For the situation of oxygen flux through culture medium, Δx is the thickness of the layer of medium 
and is thus calculated by 

Δx = Volume / Surface area 

For a standard 96-well plate, the recommended working volume is 100 – 200 µl and the surface area 
of the well is 32 mm2 [40]. The thicknesses of the medium layers with the two volumes are thus 



Δx100µl = 100 mm3 / 32 mm2 = 3.125 mm = 3125 µm 
 
Δx200µl = 200 mm3 / 32 mm2 = 6.250 mm = 6250 µm 
 
 
 
Input parameter P and D 
 
The permeability of oxygen in the PMP film was measured in our experiments to be 
 
P = 31.2 barrer 
 
Where   1 barrer = 10-10 cm3

STP * cm / (cm2*s*cmHg)) 
  1 cm3

STP = (1 / 22414) mol = 4.46*10-5 mol 
 
 
The diffusion coefficient of oxygen in culture medium is assumed to be  
 
D = 2.69*10-5 cm2/s 
 
as reasoned for and utilized by Place et al. [9]. 
 
 
 
Calculated oxygen flux through PMP film and culture medium 
 
The flux of oxygen through the PMP film: 
 

𝐹 ൌ 𝑃 ∗  
𝛥𝑝
𝛥𝑥

 

 
 

𝐹 ൌ 31.2 barrer ∗  
141.4 mmHg

125 µm
 

  

𝐹 ൌ 31.2 ∗ 10ିଵ଴ cmଷሺSTPሻ ∗  cm / ሺcmଶ ∗ s ∗ cmHgሻ  ∗  
14.14 cmHg
0.0125 cm

 

 
𝐹 ൌ 3.529 ∗ 10ି଺ cmଷሺSTPሻ / ሺcmଶ ∗ sሻ 

 
𝐹 ൌ 1.575 ∗ 10ିଵ଴ mol / ሺcmଶ ∗ sሻ 

 
𝑭 ൌ 𝟏𝟓𝟕. 𝟓 𝐩𝐦𝐨𝐥 / ሺ𝐜𝐦𝟐 ∗ 𝐬ሻ 

 
 
  



The flux of oxygen through 100 µl culture medium: 
 

𝐹 ൌ 𝐷 ∗  
𝛥𝐶
𝛥𝑥

 

 

𝐹 ൌ 2.69 ∗ 10ିହcmଶ/s ∗  
0.183 mM
3125 µm

 

 

𝐹 ൌ 2.69 ∗ 10ିହcmଶ/s ∗  
0.183 ∗ 10ି଺mol/cmଷ

0.3125 cm
 

 
𝐹 ൌ 1.575 ∗ 10ିଵଵmol / ሺcmଶ ∗ sሻ 

 
𝑭 ൌ 𝟏𝟓. 𝟕𝟓 𝐩𝐦𝐨𝐥 / ሺ𝐜𝐦𝟐 ∗ 𝐬ሻ 

 
 
The flux of oxygen through 200 µl culture medium: 
 

𝐹 ൌ 𝐷 ∗  
𝛥𝐶
𝛥𝑥

 

 

𝐹 ൌ 2.69 ∗ 10ିହcmଶ/s ∗  
0.183 mM
6250 µm

 

 

𝐹 ൌ 2.69 ∗ 10ିହcmଶ/s ∗  
0.183 ∗ 10ି଺mol/cmଷ

0.6250 cm
 

 
𝐹 ൌ 7.876 ∗ 10ିଵଶmol / ሺcmଶ ∗ sሻ 

 
𝑭 ൌ 𝟕. 𝟖𝟕𝟔 𝐩𝐦𝐨𝐥 / ሺ𝐜𝐦𝟐 ∗ 𝐬ሻ 
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