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Supplementary Figures and Tables 

 

 
Supplementary Fig. 1 | PXRD patterns for the LTA, AEI and CHA-a/b supports in their 
NH4-form. All supports display their pure phases without measurable impurity phases. The 
corresponding PXRD patterns for the fresh catalysts are highly similar and are thus not presented.  
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Supplementary Fig. 2 | Steady-state standard NH3-SCR reaction test results on the 4 fresh 
catalysts. a, NOx conversion as a function of reaction temperature. b, NH3 conversion as a 
function of reaction temperature. c, NO2 outlet concentration (ppm) as a function of reaction 
temperature. d, N2O outlet concentration (ppm) as a function of reaction temperature. e, SCR 
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selectivity as a function of reaction temperature. SCR selectivity is calculated as: �𝑁𝑁𝑂𝑂𝑥𝑥 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑁𝑁𝐻𝐻3 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

−
𝑁𝑁2𝑂𝑂 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑁𝑁𝑂𝑂𝑥𝑥 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

�×100%. The reactant feed contains 350 ppm NOx (including ∼10 ppm 

NO2), 350 ppm NH3, 2.5% H2O, 10% O2, and balanced N2 at a gas hourly space velocity (GHSV) 
of ∼2 × 105 h−1. 

 

  

Supplementary Fig. 3 | H2-TPR results for the 4 fresh catalysts. Reduction centered ~230 °C 
is due to ZCuIIOH reduction to ZCuI, reduction centered ~400 °C is due to Z2CuII reduction to 
ZCuI, and reduction above ~600 °C is due to ZCuI reduction to metallic Cu1, 2. Schematics of 
Z2CuII and ZCuIIOH are shown on the right side of the TPR plots3, 4.  
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Supplementary Fig. 4 | NH3-TPD results. a, H-form supports. b, fresh catalysts. Desorption from 
~200 °C due to weak acid sites, ~300 °C due to Cu-ion sites, and ~400-500 °C to Brønsted acid 
sites5. The results demonstrate that AEI and CHA have similar Brønsted acid strength, higher than 
that of LTA.    
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Supplementary Fig. 5 | Operando EPR spectra acquired during steady state standard SCR 
over the fresh catalysts. a, Cu/LTA. b, Cu/AEI. c, Cu/CHA-a. d, Cu/CHA-b. The reaction is 
carried out at temperatures from 100 to 350 °C at a GHSV of ~4×105 h-1. The reactant feed contains 
350 ppm NOx (containing ~10 ppm NO2), 350 ppm NH3, 10% O2, and balanced N2 at a GHSV of 
~4×105 h-1. 
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Supplementary Fig. 6 | Ratios between EPR-visible CuII and total Cu at various reaction 
temperatures during steady-state SCR over the fresh catalysts.  
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Supplementary Fig. 7 | Diffusion of CuII(OH)(NH3)3 intermediate through 8MR via the de-
solvation path CuII(OH)(NH3)3 (A) + 2HB+ → CuII(OH2)(NH3)3 (A) + HB+ → CuII(NH3)2 (A) 
+ H2O + NH4+ → CuII(NH3)2(B) + H2O + NH4+. a, Cu/CHA. b, Cu/LTA. 
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Supplementary Fig. 8 | H2-TPR results for the 4 HTA850 catalysts. Reduction centered 
~230 °C is due to ZCuIIOH reduction to ZCuI, reduction centered ~400 °C is due to Z2CuII 
reduction to ZCuI, and reduction above ~600 °C is due to ZCuI reduction to metallic Cu1, 2. In 
comparison to H2-TPR results for the fresh catalysts in Supplementary Fig. 3, two differences are 
obvious: (1) relative contents of Z2CuII increase and relative contents of ZCuIIOH decrease as a 
result of ZCuIIOH + ZH → Z2CuII + H2O that occurs during aging6. (2) the ZCuI reduction shifts 
to lower temperatures, indicating the catalyst stability decrease caused by hydrothermal aging.  
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Supplementary Fig. 9 | NH3-TPD results for the HTA850 catalysts. Desorption from weak 
acid sites, Cu-ions, and Brønsted acid sites is no longer well-resolved here.  
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Supplementary Fig. 10 | Steady-state standard NH3-SCR reaction test results on the 4 
HTA850 catalysts. a, NOx conversion as a function of reaction temperature. b, NH3 conversion 
as a function of reaction temperature. c, NO2 outlet concentration (ppm) as a function of reaction 
temperature. d, N2O outlet concentration (ppm) as a function of reaction temperature. e, SCR 
selectivity as a function of reaction temperature. SCR selectivity is calculated as: �𝑁𝑁𝑂𝑂𝑥𝑥 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑁𝑁𝐻𝐻3 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
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𝑁𝑁2𝑂𝑂 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑁𝑁𝑂𝑂𝑥𝑥 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

�×100%. The reactant feed contains 350 ppm NOx (including ∼10 ppm 

NO2), 350 ppm NH3, 2.5% H2O, 10% O2, and balanced N2 at a gas hourly space velocity (GHSV) 
of ∼2 × 105 h−1. 

 

 

Supplementary Fig. 11 | Operando EPR spectra acquired during steady state standard SCR 
over the HTA850 catalysts. a, Cu/LTA, HTA850. b, Cu/AEI, HTA850. c, Cu/CHA-a, HTA850. 
d, Cu/CHA-b, HTA850. The reaction is carried out at temperatures from 100 to 350 °C at a GHSV 
of ~4×105 h-1. The reactant feed contains 350 ppm NOx (containing ~10 ppm NO2), 350 ppm NH3, 
10% O2, and balanced N2 at a GHSV of ~4 × 105 h-1.  
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Supplementary Fig. 12 | Ratios between EPR-visible CuII and total Cu at various reaction 
temperatures during steady-state SCR over the HTA850 catalysts.  
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Supplementary Table 1 | Surface area/porosity results of the 4 zeolite supports measured 
by N2 adsorption. 

 

Sample BET Surface Area  

(m2/g) 

Micropore Area  

(m2/g) 

External 
Surface Area 
(m2/g) 

t-plot Micropore 
Volume (cm3/g) 

LTA, fresh 703 641 62 0.248 

AEI, fresh 556 498 58 0.189 

CHA-a, fresh 729 667 62 0.251 

CHA-b, fresh 774 717 57 0.269 

 

 

Supplementary Table 2 | Useful textural and compositional properties of the 4 fresh catalysts. 
Si, Al and Cu contents of the catalysts were determined via ICP-AES; surface area/porosity results 
were measured by N2 adsorption; both H2-TPR and EPR were applied to obtain isolated CuII-ion 
content of the catalysts. 

 

Catalyst 

Name 

Si/Al Cu 
loading 
(wt%, 
ICP) 

BET 
Surface 
Area 
(m2/g) 

Micropore 
Volume 
(cm3/g) 

Isolated 
Cu(II) 
content 
(wt%, H2-
TPR) 

Isolated 
Cu(II) 
content 
(wt%, EPR) 

Cu/LTA 15.8 2.08 697 0.251 1.75 1.73 

Cu/AEI 10.4 1.34 745 0.267 1.31 1.15 

Cu/CHA-a 17.0 1.47 788 0.278 1.20 1.15 

Cu/CHA-b 10.9 0.86 774 0.269 0.85 0.80 
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Supplementary Table 3 | Paired framework Al (-Al-Si-Al- or -Al-Si-Si-Al-) concentration 
estimated from Co-ion titration. Co contents were determined via ICP-AES. Titration results 
indicate that framework Al in AEI and CHA-a/b supports is roughly randomly distributed7, 
however Al pairing is enriched in LTA.   

 

Support Si/Al Co loading (wt%, ICP) Co/Al 

LTA 15.8 1.98 0.39 

AEI 10.4 1.74 0.24 

CHA-a 17.0 1.18 0.25 

CHA-b 10.9 2.10 0.27 

 

 

 

Supplementary Table 4 | Useful textural and compositional properties of the 4 HTA850 
catalysts. Si, Al and Cu contents of the catalysts were determined via ICP-AES; surface 
area/porosity results were measured by N2 adsorption; EPR was applied to obtain isolated CuII-ion 
content of the catalysts. 

 

Catalyst 

Name 

Si/Al Cu loading 
(wt%, ICP) 

BET 
Surface 
Area (m2/g) 

Micropore 
Volume 
(cm3/g) 

Isolated 
Cu(II) 
content 
(wt%, EPR) 

Cu/LTA, 
HTA850 

15.8 2.08 638 0.205 0.95 

Cu/AEI, 
HTA850 

10.4 1.34 721 0.266 0.87 

Cu/CHA-a, 
HTA850 

17.0 1.47 771 0.270 0.87 

Cu/CHA-b, 
HTA850 

10.9 0.86 755 0.256 0.58 
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Supplementary Table 5 | Relative intensities of AlTd, AlP and AlOh signals derived by peak 
fitting of the 27Al NMR spectra shown in Fig. 5 of the main text. By assuming that the higher 
the preservation of Al4 sites, the better the hydrothermal stability, it is estimated that hydrothermal 
stability of the catalysts follows the order Cu/LTA > Cu/CHA-a > Cu/AEI > Cu/CHA-b. 

 

Catalyst 

Name 

AlTd (%) AlP (%) AlOh (%) 

Cu/LTA, HTA850 79 5 16 

Cu/AEI, HTA850 56 24 20 

Cu/CHA-a, HTA850 68 12 20 

Cu/CHA-b, HTA850 51 27 22 
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