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Flowfield Demensions for the Operando Neutron Imaging Experiments at NIST 

. 

Figure S1. Schematic of the 2.5 cm2 active area cell used for neutron imaging. Schematic dimen-
sions are in inch. 

Discussion and Calculations for AEMFC Carbonation 
The total amount of carbonate (NCO2) in Table 2 was calculated by first converting the 

CO2 concentration in the anode and cathode effluents to fluxes (Figure 2c). Then, the area 
under each curve was found by integration. The same was done for a “blank” condition, 
was achieved by placing a Teflon membrane which does not uptake carbonate at all be-
tween the flowfields with no electrodes [1,2]. The “blank” curve accounts for the bubbler 
equilibration time also. Finally, the areas from the anode and cathode exhaust are sub-
tracted from the area under the “blank” curve to yield NCO2, Equation (S1). 𝑁஼ைଶൌ න ʺblankʺ(t) dt − න ʺanode exhaustʺ(t) dt 

−    න ʺcathode exhaustʺ(t) dt                                                                                                          (1)

The “blank” experiment was done by placing a Teflon membrane between the 
flowfields with no electrodes. Its zero carbonate uptake assists a real CO2 concentration 
measurement of the CO2 gas bubbler at various conditions. It implies the total amount of 
CO2 dosing into the system. Hence, the quantity of CO2 that has been taken up into the 
cell by AEM and AEI can be calculated by Equation (S1). The blank curve accounts for 
awakening time and the time lag due to CO2 saturated with water, leading to a bump 
shape of its curve within the first 100s.  



Concentration was converted to dynamic flux change as presented in Figure 2c. 
Maintaining the mass balance, corrected by flowrate difference and reaction 
consumption, flux evolution shows the same conclusions as Figure 2b. The conversion is 
shown as equation below: Flux ൤umols ൨ ൌ Concentration ሾppmሿ ∗ ρሾg/mlሿ𝑀𝑤 ቂ 𝑔𝑚𝑜𝑙ቃ ∗ 60ሾ𝑠/𝑚𝑖𝑛ሿ ∗ 𝐹𝑙𝑜𝑤𝑟𝑎𝑡𝑒 ൤ 𝐿𝑚𝑖𝑛൨

∗ 𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛 𝑐𝑜𝑚𝑠𝑢𝑝𝑡𝑖𝑜𝑛 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑜𝑟 
Reaction consumption corrector is given an example at 1A/cm2 (5A), for HOR at 

anode: 

reaction consumption corrector ൌ 1 − 5 ቂCsቃ ∗ 60 ቂ sminቃ ∗ 22.4 ቂ 𝐿𝑚𝑜𝑙ቃ2 ∗ 96458 ቂ Cmolቃ ∗ 1 ቂ 𝐿𝑚𝑖𝑛ቃ ൌ 0.965 

The procedure of decoupling three mechanisms are shown as below. In Figure S1, 
the voltage increase during 10 min establishment of the new quasi steady-state after CO2 
removed was mostly attributed to the relaxation of the kinetic limitations described by 
ΔVctHOR (ΔRctHOR). 1.0 A cm−2 with 400 ppm CO2 in the cathode, anode and cathode 
flowrate both at 1 L/min, ΔRctHOR was calculated by equations below:   
𝑉௖௧ுைோሺmVሻ ൌ ሾ0.513 V − 0.406 Vሿ ൈ 1000 −                                      ሺ1.0 A cmିଶሻሺ5 cmଶሻሺ23.94 m cmଶ − 21.64 m cmଶሻ ൌ 95.5 mV  

𝑅௖௧ுைோሺmሻ ൌ ଽହ.ହ ୫୚ሺଵ.଴ ୅ ୡ୫షమሻሺହ ୡ୫మሻ ൌ 19.1 m  

As Equation 4 in main text, Nernstian voltage loss is described below: 𝛥𝑉୒ୣ୰୬ୱ୲ ൌ  𝛥𝑉େ୓ଶ − 𝛥𝑉௖௧ுைோ − 𝛥𝑉୅ୗୖൌ ሾ0.67 V − 0.406 Vሿ ൈ 1000 − 95.5 mV− ሺ1.0 A cmିଶሻሺ5 cmଶሻሺ23.94 m cmଶ − 17.58 m cmଶሻ ൌ 136.7 mV 

 
Figure S2. Visualized calculation of mechanism deconvolution. 



 
The degree of carbonation (DOC, % of charge groups converted to the carbonate form) 
can be calculated by: 
 
Total concentration of charge groups for HDPE-BTMA as an example in Figure 3: 

𝐷𝑂𝐶 ൌ  ሺ𝐶ℎ𝑎𝑟𝑔𝑒 𝑝𝑒𝑟 𝐶𝑂ଶሻሺµ𝑚𝑜𝑙 𝐶𝑂ଶሻሺ𝐶ℎ𝑎𝑟𝑔𝑒 𝑝𝑒𝑟 𝑔𝑟𝑜𝑢𝑝ሻሺµ𝑚𝑜𝑙 𝐴𝐸𝑀 𝑔𝑟𝑜𝑢𝑝𝑠 ൅ µ𝑚𝑜𝑙 𝐴𝐸𝐼 𝑔𝑟𝑜𝑢𝑝𝑠ሻൌ ሺ2ሻሺ15ሻሺ1ሻሺ46.0 ൅ 52.2ሻ ൌ  0.31% 

 
Figure S3. Voltage and HFR changes for 10 min carbonation and 10 min recovery process. Same 
condition as Figure 2. 

 
Figure S4. Voltage and HFR changes for 10 min carbonation and 10 min recovery process. Same 
condition as Figure 2. 



 
Figure S5. Voltage and HFR changes for 10 min carbonation and 10 min recovery process. Same 
condition as Figure 2. 

 
Figure S6. Voltage and HFR changes for 10 min carbonation and 10 min recovery process. Same 
condition as Figure 2. 



 
Figure S7. Voltage and HFR changes for 10 min carbonation and 10 min recovery process. Same 
condition as Figure 3. 

 

 

 
Figure S8. Voltage and HFR changes for 10 min carbonation and 10 min recovery process. Same 
condition as Figure 3. 



 
Figure S9. Voltage and HFR changes for 10 min carbonation and 10 min recovery process. Same 
condition as Figure 3. 

 
Figure S10. Voltage and HFR changes for 10 min carbonation and 10 min recovery process. Same 
condition as Figure 3. 

 



Figure S11. Voltage and HFR changes for 10 min carbonation and 10 min recovery process. Same 
condition as Figure 3. 

 
Figure S12. Voltage and HFR changes for 10 min carbonation and 10 min recovery process. Same 
condition as Figure 3. 

Details for Wide Angle X-Ray Scattering and Calculations 
The measurement of polymer crystallinity is defined as: 

% 𝐶𝑟𝑦𝑠𝑡𝑎𝑙𝑙𝑖𝑛𝑖𝑡𝑦 ൌ 𝑋௖𝑋௖ ൅ 𝑋௔ ൈ  100 

where Xc and Xa refer to the area of the crystalline and amorphous regions of scattering, 
respectively. 

Shown as Figure S13, crystalline and amorphous regions were deconvolved by fit-
ting crystalline regions to a linear baseline. The crystalline integral was defined as the 
area above this baseline while the amorphous was the region below. In other words, the 
amorphous integral is the total convolved integral minus the crystalline integral fit to a 
linear baseline. Integral values provided are arbitrary, but their relationship provides the 
basis for determination of percent crystallinity for the sample. Figure S3-8 show WAXS 
results for GT72-5, HDPE-BTMA, LDPE-BTMA, GT64-15, GT78-15, PAP-TP-85 AEMs. 
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Figure S13. Illustration of crystallinity calculation. 

 
Figure S14. Quantification of GT72-5 AEM crystallinity by convoluting WAXS and Off-axis WAXS 
results. 
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Figure S15. Quantification of HDPE-BTMA AEM crystallinity by convoluting WAXS and Off-axis 
WAXS results. 

 
Figure S16. Quantification of LDPE-BTMA AEM crystallinity by convoluting WAXS and Off-axis 
WAXS results. 
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Figure S17. Quantification of GT64-15 AEM crystallinity by convoluting WAXS and Off-axis 
WAXS results. 

 
Figure S18. Quantification of GT78-15 AEM crystallinity by convoluting WAXS and Off-axis 
WAXS results. 
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Figure S19. Quantification of PAP-TP-85 AEM crystallinity by convoluting WAXS and Off-axis 
WAXS results. 
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