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Table S1 XPS quantitative analysis of the Fe-containing Beta zeolite catalysts.

Fe species (%)

Sample e o

6Fe 60.3 39.7
6Fe/6Cu 60.1 39.9
6Cu/6Fe 64.5 35.5
6Fe-6Cu 71.2 28.8

Table S2 The elements contents in the liquid and the output solid products for 6Fe/xCu and 6Cu/yFe Beta zeolite

catalysts.

Input Output solid Output liquid (ppm)

Sample . . . . Fe Cu )
P Support Solution (ppm) Si/Al Si/Fe Si/Cu WE%)  (WE%) Si Al Cu Fe
6Fe¢/1.5Cu 145 26 17 121 5.7 0.4 141 16 114 0
6Fe¢/3Cu 6Fe Cu(NOs), 258 24 17 111 5.7 0.4 157 17 223 0
6Fe/6Cu 488 24 17 87 5.7 1.1 153 20 393 0
6Cu/1.5Fe 176 16 94 300 1.0 0.3 158 33 130 0
6Cu/3Fe 6Cu  Fe(NOs); 234 16 38 532 2.2 0.2 165 48 159 0
6Cu/6Fe 520 19 13 676 6.0 0.2 170 101 167 9
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Fig. S1 XRD patterns of (a) the Fe and Cu-containing Beta zeolite catalysts prepared by liquid phase
ion exchange.
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Fig. S2 XRD patterns of the Fe and Cu-containing Beta zeolite catalysts prepared by solid state ion
exchange.
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Fig. S4 UV-vis spectra of the Fe and Cu-exchanged Beta zeolite catalysts.



Absorbance

18 18
(a) ] (b)
154 154
1875 | ] .
o 121 FeZ*(NO) | ® 124 C'{NG,
2 2
8 3 1 e 1
§ 0.9 E 0.9+ - 1%18
< < o 11804 |
| 4 1960 1911 |
06 1815 B S | Cu*(NO)]
Fe*(NO), F2240 1878 *
0.3 4 i 0.3 ‘ i 1]40
0.0 =% 00— 4 _i.
2000 1950 1900 1850 1800 1750 1700 2000 1950 1900 1850 1800 1750 1700
Wavenumbers (cm™") Wavenumbers (cm™)
18 T 18 1.8
3 g () (d) 1840 (e)
154 Fe (NO)3OFCU (NO]Z 1802 154 - 154 FE‘\‘(NO):
1875 {Cu*(NO) 24 1875 1815
12 Fe?*(NO) | g 12 N Fon( g 121 Fe?(NO) Fe?*(NO),
il i i 1840 g A .Fe?*(NO); g i ,Cu*(NO
0e BEINE) | ~Fe(NO), | % 9] CoNO) M | g o cmmnoy | (N0
| g I 2 i | 1802
! d S | < ; I [ i eut
06] 19gp 1902 06 1960 1911 [ o 06 1960 1911 =§Cu (NO)
1932 [ 1740 22 F | Fe*(NO) . 1932 -
o3{ 1, | B Cu*(NO),| o3 R : & 034 1 1
0.0 J—ed . ' ‘ 0.0 {2 ; « = . 0.0 ekt I n
2000 1950 1900 1850 1800 1750 1700 2000 1950 1900 1850 1800 1750 1700 2000 1950 1900 1850 1800 1750 1700

\Wavenumbers (cm'")

Wavenumbers (cm™')

Wavenumbers (cm™)

Fig. S5 NO adsorption of FTIR spectra (Pno=5-1000 Pa) for (a) 6Fe, (b) 6Cu, (c) 6Fe/6Cu, (d) 6Cu/6Fe
and (e) 6Fe-6Cu Beta zeolite catalysts.
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Fig. S6 NO adsorption of FTIR spectra (Pno=5-1000 Pa) for (a) SSIE-6Fe, (b) SSIE-6Cu, (c) SSIE-
6Fe/6Cu, (d) SSIE-6Cu/6Fe, (e) SSIE-6Fe-6Cu and (f) SSIE-5.5Fe-0.3Cu Beta zeolite catalysts.
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Fig. S7 EDX elemental mapping images of the Beta zeolite catalysts prepared by the ion exchange
method.
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Fig. S8 EDX elemental mapping images of the Beta zeolite catalysts prepared by “solid state ion
exchange (SSIE) method”.



