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(b) 

Figure S1. XRD patterns for NH4-MOR-10 mordenite before and after copper-exchange procedure 

done by the MW (a) and conventional (b) methods. 

                                                           
*

1
Corresponding author: Department of Nuclear Physics Research Methods, Saint Petersburg State 

University, 198504, Ulyanovskaya 3, Peterhof, Russia; e-mail: marina.shelyapina@spbu.ru 



S-2 
 

5 10 15 20 25 30 35 40

CuH-MOR-10-M6

CuH-MOR-10-M3

CuH-MOR-10-M2

CuH-MOR-10-M1

H-MOR-10

 

 

In
te

n
si

ty
 (

re
l. 

u
n

it
s)

2 (deg.)
 

(a) 

5 10 15 20 25 30 35 40

CuH-MOR-10-C6

CuH-MOR-10-C3

CuH-MOR-10-C1

H-MOR-10

 

 

In
te

n
si

ty
 (

re
l. 

u
n

it
s)

2 (deg.)
 

(b) 

Figure S2. XRD patterns for the H-MOR-10 mordenite before and after copper-exchange 

procedure done by the MW (a) and conventional (b) methods. 
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(b) 

Figure S3. 27Al MAS NMR spectra of the NH4-MOR-10 mordenite before and after copper-

exchange procedures done by the MW (a) and conventional (b) methods. Asterisks mark 

spinning sidebands. 

 

 

 

 

 

 

 

 

 



S-4 
 
 

 

-40 -20 0 20 40 60 80 100 120 140

CuH-MOR-10-M6

CuH-MOR-10-M3

CuH-MOR-10-M2

CuH-MOR-10-M1

 

 I
n

te
n

si
ty

 (
re

l. 
u

n
it

s)
 

 

H-MOR-10

*

 

 

 

 

27Al chemical shift (ppm)

X2

 

(a) 

-40 -20 0 20 40 60 80 100 120 140

 I
n

te
n

si
ty

 (
re

l. 
u

n
it

s)

CuH-MOR-10-C3

CuH-MOR-10-C1

 

 

27Al chemical shift (ppm)

H-MOR-10

*

 

(b) 

Figure S4. 27Al MAS NMR spectra of the H-MOR-10 mordenite before and after copper-exchange 

procedures done by the MW (a) and conventional (b) methods. Asterisks mark spinning 

sidebands. 
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(c) (d) 

Figure S5. TG (a, c) and DTG (b, d) profiles for the studied samples synthetizes from the NH4-MOR-
10 mordenite by the MW (a, b) and conventional (c, d) methods. Vertical lines correspond to 
different steps of water release and are given as guides to the eye. 
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(c) (d) 

Figure S6. TG (a, c) and DTG (b, d) profiles for the studied samples synthetizes from the H-MOR-10 
mordenite by the MW (a, b) and conventional (c, d) methods. Vertical lines correspond to different 
steps of water release and are given as guides to the eye. 
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Figure S7. XPS Cu2p3/2 and Cu2p1/2 peaks of the studied copper-exchanged samples prepared by the 
MW (a,c) and conventional (b,d) methods. Vertical dashed (blue) and dot-dashed (red) lines 
correspond to 933.4 and 935.6 eV, respectively. 
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Table S1.  Deconvolution of the XPS Cu2p3/2peaks of the studied copper-exchanged samples. 

Sample 

Cu2+(1) Cu2+(2) 
Intensity ratio 

Cu2+(1)/ Cu2+(2) 
binding energy 

(eV) 

HWHM 

(eV) 

binding energy 

(eV) 

HWHM 

(eV) 

CuNH4-MOR-10-M1 933.6(4) 0.70(9) 935.5(7) 1.7(7) 2(1) 

CuNH4-MOR-10-M2 933.7(5) 0.96(5) 936.2(3) 1.3(4) 3.81 

CuNH4-MOR-10-M3 933.6(2) 0.77(3) 934.7(2) 2.4(2) 1.35 

CuNH4-MOR-M6 933.7(2) 0.79(2) 934.7(2) 2.7(2) 1.58 

CuNH4-MOR-10-C1 933.4(6) 0.98(8) – – – 

CuNH4-MOR-10-C3 933.9(4) 1.23(4) ⎻ ⎻ – 

CuNH4-MOR-10-C6 933.9(3) 0.85(5) 934.9(3) 2.3(3) 1.39 

CuH-MOR-10-M1 933.4(6) 1.14(5) – – – 

CuH-MOR-10-M2 933.5(2) 0.80(2) 934.5(1) 2.2(1) 1.17 

CuH-MOR-10-M3 933.6(2) 0.83(3) 934.6(2) 2.7(2) 1.44 

CuH-MOR-10-M6 933.5(3) 0.78(4) 934.6(2) 2.3(1) 0.81 

CuH-MOR-10-C1 933.7(1) 1.55(2) – – – 

CuH-MOR-10-C3 933.6(5) 0.94(5) 936.1(6) 1.2(6) 6.66 

CuH-MOR-10-C6 933.9(2) 1.05(3) ⎻ ⎻ – 

 

 

 

 
 

Figure S8. The c-doubled mordenite unit cell with selected (hkl) planes. Blue and yellow balls 

correspond to the Si and Si/Al sites, respectively.   

 

 

 

 

 


