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ESI_Table S1. Description of the different stages in the sample flow rate: (i) general 
description, (iii) transient analysis, and (iii) analysis of the fluidic resistance. 
 

(i) General description 

 

 
Longitudinal cross-section of the microfluidic device: Δn, moles of CO2; V0, initial volume of CO2; V1, 
sample volume; A1, sample chamber horizontal area; A2, interconnecting channel vertical area; L2 
interconnecting channel length; V3, analysis chamber volume; A3, analysis chamber horizontal area; A4 exit 
channel vertical area; L4, exit channel length.  
 
The following qualitative analysis assumes ideal situation, where CO2 do not dissolve with the 
sample, and neither the gas nor the liquid sample produce any deformation on the PDMS channels. 
Then, for a given fuel cell regime (electric current I), a certain amount Δn of CO2 will be produced 
and directly transformed into pressure at the CO2/sample interface. The pressure drop along the 
device can be linearly related with the volumetric flow rate through the fluidic resistance. According 
to those assumptions, then the analysis of the flow rate Q can be described as follows:  

§ A1/A2 and A2/A3 determine transients of Q in Region 1 and together with  L2 determine  
the transient time Δt of Region 1. 

§ V3 determines Δt of Region 2. 

§ A3/A4 and  A4 to open space determine transients of Q in Region 3 and together with L4 
determine  Δt of Region 3. 

§ V1/V3 determines Δt of Region 4. 

§ Q in Regions 2 and 4 is mainly determined by A2 and L2, as that channel is the major 
contributor in the total fluidic resistance. 
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(ii) Transient analysis 

Region Microfluidic component diagram 

 

 

 
Before the system starts pumping à gas compression @ fixed volume V0 à pressure increases 
until the applied force wins surface tension at the outlet of the sample chamber.  Pressure at this 
point determines the initial flow rate in Fig 4, and should be greater than atmospheric pressure.  
 

 
 

 

 
System starts flowing according to the previous situation à the available volume for CO2 
increases (ΔV), but the CO2 production rate is kept according to the stoichiometric reaction. 

 

 
Flow is first accelerated due to the accumulated pressure (ΔP0) and the cross-section difference 
between the sample chamber and the main microchannel (A1/A2). Then, the flow decreases as 
soon reaches the analysis chamber (A2/A3). 

 

 

 

 
System stabilizes to P2 while analysis chamber is filling. 
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Once the analysis chamber is completely filled, a second pressure transient occurs: Again, the 
pressure first increases due to the change in cross-section between analysis chamber and the 
exit channel. 

 

 
Afterwards, pressure drops once the sample gets the exit of the device.   

 

 

 

        
System stabilizes to P4 until the sample chamber is completely empty.   

 

 

 

     
The force applied due to the CO2 produced is the same, but now it is applied on a smaller area 
(onto the channel cross-section, instead of the sample chamber section). Thus, the pressure 
increases.  
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(iii) Analysis of the fluidic resistance 

 
Schematic representation of the different components of the microfluidic device: V1, sample volume (30	
  
µL); A1, sample chamber horizontal area (π·(2 mm)2 = 4·π mm2); L1, sample chamber height (≈ 2 mm); A2, 
interconnecting channel transversal area (0.02 mm2); L2 interconnecting channel length (13 mm); V3, analysis 
chamber volume (15 µL); A3, analysis chamber horizontal area (π·(2 mm)2 = 4·π mm2); L3, analysis chamber 
height (≈ 1 mm);  A4 exit channel transversal area (0.02 mm2); L4, exit channel length (1 mm).  

 
Variations in the pressure value at the CO2/sample interface have been described above, and can be 
directly related with sample flow rate, according to the next expression: 
 

∆! = !!"#$%&'($  !"!/!"#$%& − !!"# = !!"!#$ ∙ ! 
 
where: 
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!!"!#$ = ! ∙ 0.066  !!!! + 650  !!!! + 0.083  !!!! + 50  !!!!  

 
Therefore, it can be concluded that in our design: Rtotal ≈ R2, thus, flow rate value (Q) in steady 
regions (Region 2 and Region 4 in Fig 4) is mainly controlled by the geometry of the connecting 
central microchannel. 
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