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Materials and methods 

The aqueous electrolyte solutions consisted of 0.5 M sodium phosphate (Spectrum Chemical Mfg 

Corp), 0.03 M EDTA (Fisher Chemical), and 0.02 M tetrabutylammonium hydroxide (Sigma-Aldrich). 

Before each experiment, 0.1 – 1.0 M AN (TCI Chemicals) was added to 30 ml of the aqueous electrolyte 

and mixed using a vortex mixer before being inserted into the reactor. Cadmium foil (American Elements) 

with a 2 cm2 exposed area was used as the working electrode, and stainless steel foil (McMaster Carr) was 

used as the counter electrode. The cadmium electrode was stored in an aqueous electrolyte whenever not in 

use. Electrodes not stored in this way could affect the reactor performance, possibly due to the formation 

of undesired surface oxides. 

Experiments were conducted under constant charge conditions with experiment durations from 4 – 

60 minutes and current densities from 20 – 300 mA cm-2. The cell potential is directly related to the current 

density, shown as linear sweep voltammetry measurements in Fig. S1 for forced and bubble-induced 

convection at various liquid and gas flow rates. 

 

 
Fig. S1 Linear sweep voltammetry measurements for (a) forced convection and (b) bubble-induced 

convection across the range of flow rates used in the experiments. 
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Continuous flow reactors were fabricated with VeroClear Polyjet resin on a Stratasys Objet30 Pro 

3D printer. The electrode separation was 1.5 cm, and the cross-sectional area was 1.5 cm2. An exploded 

view of the reactor is shown in Fig. S2 and an image of the flow reactor system is shown in Fig. S3. Liquids 

were circulated using a peristaltic pump (New Era Pump Systems, NE-9000B), and gas (argon) was 

introduced through a stainless steel frit (40 µm pore size, McMaster Carr) using a computer-controlled mass 

flow controller (Brooks Instrument, GF40). 

 

 
 

Fig. S2 Exploded view of flow reactor. 
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Fig. S3 Image of the flow reactor system. 
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Chemical analysis 

After each experiment, the reactor was drained, and 5 ml of the solution was added to a separatory funnel 

with 10 ml of toluene for liquid-liquid extraction of the organic molecules from the aqueous electrolyte. 

The organic phase was analyzed with gas chromatography-mass spectrometry (GC-MS, Shimadzu 

QP2010). Fig. S4 shows the calibration curves for AN, PN, and ADN in electrolytes used to quantify the 

reaction products.  

 

 
Fig. S4 GC calibration curves for propionitrile (PN), adiponitrile (ADN), and acrylonitrile (AN) relating 

GC peak area to concentration. Each point represents an average of 3 samples. The detection limit for ADN 

is ~0.004 M, so the calibration curve has a line to 0 M below 0.005 M to avoid overestimating ADN at low 

concentrations. 
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Faradaic efficiency and production rate calculations 

Faradaic efficiency for each species produced is calculated by, 

 

𝐹𝐸𝐴 =  
𝑛𝐴

𝑛𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙

(𝑆1) 

 

where 𝑛𝐴 is the moles of species A produced/consumed, determined using GC-MS, and 𝑛𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 is the 

theoretical total moles produced as determined by Faraday’s law, 

 

𝑛𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 =  
𝑖𝑡

𝑛𝐹
 , (𝑆2) 

 

where 𝑖 is the applied current (A), 𝑡 is the experimental duration (s), 𝑛 is the number of electrons involved 

in the reaction (2 for ADN and PN), and F is Faraday’s constant (96,485 C/mol). 

 

The ADN production rate, 𝑅𝐴𝐷𝑁 (kg cm-2 h-1) was calculated using, 

 

𝑅𝐴𝐷𝑁 =  
𝑗𝐴𝐷𝑁

𝑛𝐹
(

3600 𝑀𝐴𝐷𝑁

𝐴𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑑𝑒
) (𝑆3) 

 

where 𝑗𝐴𝐷𝑁 is the partial current density towards ADN (A), 𝑀𝐴𝐷𝑁 is the molar mass of ADN (kg/mol) and 

𝐴𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑑𝑒 is the electrode area (cm2). 
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Energy calculations 

Fig. S5 shows the power required to achieve a particular Sherwood number for forced and bubble-induced 

convection. For forced convection, the pumping power was calculated using, 

 

𝑃 =  𝑄𝜌𝑔ℎ , (𝑆4) 

 

 

where 𝑄 is the volumetric flow rate, 𝜌 is the fluid density, 𝑔 is the acceleration due to gravity, and ℎ 

 is the reactor height. The volumetric flow rate for our reactor ranged from 0.1 – 8 cm3 s-1, and the reactor 

height was ~10 cm. Frictional losses due to the walls and viscous losses were negligible (<0.3%). 

 

For bubble-induced convection, the power required was calculated as the power required to compress the 

gas to a pressure that could overcome the fluid column pressure above the gas inlet. First, the energy 

required to compress gas from  𝑝1 = 101.325 𝑘𝑃𝑎 to 𝑝2 =  𝑝1 +  𝜌𝑔ℎ is calculated using, 

 

𝐸 =  −𝑛𝑅𝑇 ln (
𝑉2

𝑉1
) , (𝑆5) 

 

 

where 𝑛 is the moles of gas, 𝑅 is the ideal gas constant, 𝑇 is the temperature, and 𝑉𝑖 are the initial (i =1)  

and final  (i =2) volumes. To calculate the final volume, we assume an adiabatic process such that, 

 

𝑝1𝑉1
𝛾

=  𝑝2𝑉2
𝛾 (𝑆6) 

 

where 𝛾 is the isentropic expansion factor (𝛾 = 1.4 for air, 𝛾 = 1.66 for ideal monoatomic gas). The energy 

is then scaled by volume to obtain the energy per unit volume of gas (energy per cm3) and multiplied by 

the volumetric flow rate of gas to obtain the power required to supply a particular gas flow rate, 

 

𝑃 = 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 ∙ 𝑒𝑛𝑒𝑟𝑔𝑦 𝑝𝑒𝑟 𝑐𝑚3 (𝑆7) 
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Fig. S5 Power required to achieve a particular Sherwood number for forced and bubble-induced 

convection. Solid lines indicate the range of Sherwood numbers attainable for each convection method 

with the flow rates used in this study, and dashed lines indicate higher Sherwood numbers than those used 

in this study. 
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Experimental Data 

Table 1 Forced convection experimental conditions and results. 
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Table 2 Forced convection boundary conditions and results. 
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Table 3 Bubble-induced convection experimental conditions and results. 
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Table 2 Forced convection boundary conditions and results. 

 


