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Table SI: Parameters of the cells used. The matrix of the cell parameters is 3X3 as seen

below.

Cell axis X Y Z

LiY X 17.48279984 0.028468534 -0.010319501
Y 8.840644478 15.10530102 0.001263263
Z 8.953000395 5.186455266 14.30151694

NaY X 17.83194901 -1.22E-04 -0.028527718
Y 8.891369642 15.20535001 -0.012376228
Z 9.008870912 5.331352808 14.47801799
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NiX X 17.72344761 0.234706778 -0.236718482

Y 8.651499869 15.66373621 -0.104939962

z 8.442070368 5.164781487 14.17715624

Table SII: Stretching induced to the intramolecular bonds of the gases during the adsorptions

over the different Y and X cation-exchanged faujasites.

Gas species
NO NO, H20
concerned
Bond N-O O1-NO 02-NO H1-OH H2-OH
Initial length (A) 1.17 1.21 1.21 0.97 0.97
LiY 0.00 -0.01 0.01 0.00 0.01
NaY 0.00 0.02 -0.01 0.01 0.00
KY 0.00 0.01 0.01 0.02 0.00
RbY 0.00 0.01 0.01 0.01 0.01
CsY 0.00 0.01 0.01 0.01 0.01
Cu(l)Y 0.02 (2%) 0.08 (7%)  0.02 (2%) 0.03 (3%) 0.00 (0%)
AgY 0.00 0.01 0.01 0.00 0.02
CaYy -0.01 0.05 0.00 0.00 0.01
BaY 0.00 0.02 0.03 0.02 0.02
nY 0.00 0.06 0.00 0.01 0.00
Cu(lhy -0.02 0.02 -0.01 0.01 0.03
PdY -0.01 0.00 0.00 0.01 0.01

PtY 0.00 0.00 0.01 0.01 0.01



FeY 0.00 (0%) -0.04(3%) 0.31(26%)  0.00 (0%)  0.01 (1%)

CoY -0.01 -0.05 0.35 0.02 0.01
NiY -0.01 0.03 -0.01 0.01 0.01
LiX -0.01 0.02 0.02 0.02 0.01
NaX 0.00 0.03 0.02 0.01 0.03
KX 0.02 0.04 0.05 0.02 0.02
RbX 0.03 0.04 0.06 0.02 0.03
CsX 0.02 0.04 0.05 0.04 0.01

Cu()X 0.02 0.07 0.07 0.04 0.00
AgX 0.01 0.05 0.07 0.03 0.01
CaX 0.00 0.05 0.06 0.04 0.03

Cull(X) -0.01 0.04 0.00 0.01 0.07
PdX 0.00 0.01 0.03 0.03 0.01
PtX 0.00 0.03 0.03 0.03 0.04
FeX 0.01 0.14 0.01 0.06 0.00
CoX -0.01 0.07 0.07 0.02 0.04

NiX -0.01 0.09 0.05 0.01 0.05




Table SlII: Intramolecular bonds of the gases during the adsorptions over the different Y and

X cation-exchanged faujasites.

Gas species
NO NO2 H20
concerned
Bond N-O O1-NO 02-NO H1-OH H2-OH
Initial length (&)  1.17 1.21 1.21 0.97 0.97
LiY 1.17 1.20 1.22 0.97 0.98
NaY 1.17 1.23 1.20 0.98 0.97
KY 1.17 1.22 1.22 0.99 0.97
RbY 1.17 1.22 1.22 0.98 0.98
CsY 1.17 1.22 1.22 0.98 0.98
Cu(l)Y 1.19 1.29 1.23 1.00 0.97
AgY 1.17 1.22 1.22 0.97 0.99
CaY 1.16 1.26 1.21 0.97 0.98
BaY 1.17 1.23 1.24 0.99 0.99
nY 1.17 1.27 1.21 0.98 0.97
Cu(ly 1.15 1.23 1.20 0.98 1.00
PdY 1.16 1.21 1.21 0.98 0.98
PtY 1.17 1.21 1.22 0.98 0.98
FeY 1.17 1.17 1.52 0.97 0.98
CoY 1.16 1.16 1.56 0.99 0.98
NiY 1.16 1.24 1.20 0.98 0.98

LiX 1.16 1.23 1.23 0.99 0.98
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Figure SI: Adsorption modes of the gases (H,O: left, NO: middle, and NO,: right) over the
different Y monovalent cation-exchanged faujasites.
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Figure SII: Adsorption modes of the gases (H,O: left, NO: middle, and NO: right) over the
different Y divalent cation-exchanged faujasites.
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Figure SIII: Adsorption modes of the gases (H.O: left, NO: middle, and NO,: right) over the

different X monovalent cation-exchanged faujasites.
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Figure SIV: Adsorption modes of the gases (H,O: left, NO: middle, and NO,: right) over the

different X divalent cation-exchanged faujasites.
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Figure SV: Interaction energies computed at the PBE+D?2 level of theory for NO on
monovalent cation embedded faujasite with Si/Al = {47, 2.43, 1.4}.
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Figure SVI: Interaction energies computed at the PBE+D2 level of theory for NO, on

monovalent cation embedded faujasite with Si/Al = {47, 2.43, 1.4}.
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Figure SVII: Interaction energies computed at the PBE+D2 level of theory for H,O on

monovalent cation embedded faujasite with Si/Al = {47, 2.43, 1.4}.
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Figure SVIII: Interaction energies computed at the PBE+D2 level of theory for NO on

divalent cation embedded faujasite with Si/Al = {23, 2.43, 1.4}.
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Figure SIX: Interaction energies computed at the PBE+D2 level of theory for NO; on divalent

cation embedded faujasite with Si/Al = {23, 2.43, 1.4}.
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Figure SX: Interaction energies computed at the PBE+D2 level of theory for H,O on divalent

cation embedded faujasite with Si/Al = {23, 2.43, 1.4}.
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Table SIV: The induced intramolecular bond changes of NO; due to its adsorption on Cu(l)Y,

PdY, PtY, FeY, CoY and NiY (Si/Al = 2.43), are presented. The configurations considered

are 1: through N (M — N — O2), 2: through O1 while N and O2 are ordered perpendicularly to

the 6MR (M — O1 — N | O2) and 3: through O1 while N and O2 are ordered parallelly to the

6MR (M — 01— N —02). The values in brackets correspond to the stretching with respect to

the initial bond length in percentages. In the second line we also include the interaction

energy that complemented these configuration modes.

Gas species M-N-0, M—01—-N-02 M—01—-N|O2
concerned
Bond 01-NO 02-NO 01-NO 02-NO O1-NO 02-NO
0.08 (7%)  0.02(2%) 008 (7%) 00l (1%)  0.10(8%)  0.01 (1%)
Cuy (A) (-122.7) (-88.4) (-96.1)
PdY (A 0.01 0.01 bl bl ble  Not Stabl
(A) (-120.8) Not Stable  Not Stable  Not Stable ot Stable
PtY (A) (-(1)507%6) 0.01 Not Stable  Not Stable  Not Stable  Not Stable
Fev (A) 0.11(9%) -0.01(-1%) 0.31(26%) -0.04(-3%) 0.31(26%) -0.04 (-3%)
(-173.6) (-192.3) (-192.4)
0.02 0.02 0.07 0.00 0.35 -0.05
CoY (A) (-94.7) (-94.7) (-102.6)
. 0.01 0.01 0.03 -0.01 0.08 -0.01
NiY (A) (-71.4) (-72.5) (-64.8)
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Table SV: The intramolecular bonds of NO, after its adsorption on Cu(l)Y, PdY, PtY, FeY,

CoY and NiY (Si/Al = 2.43), are presented. The configurations considered are 1: through N

(M —N - 02), 2: through O1 while N and O2 are ordered perpendicularly to the 6MR (M —

01 - N | 02) and 3: through O1 while N and O2 are ordered parallelly to the 6MR (M — O1 —

N — 02). The values in brackets correspond to the stretching with respect to the initial bond

length in percentages.

o2 species M—N-0, M-01-N-02 M- 01-N|O2
Bond 01-NO 02-NO 01-NO 02-NO 01-NO 02-NO

cullY &)  1.28 (7%) 1.23 (2%) 1.29 1.22 131 1.22
PdY (A) 1.22 1.22 Not Stable  Not Stable ~ Not Stable ~ Not Stable
PtY (A) 1.22 1.22 Not Stable  Not Stable ~ Not Stable ~ Not Stable
FeY (A) 1.32 1.20 1.52 1.17 152 (26%)  1.17 (-3%)
coY (A) 1.23 1.23 1.28 1.21 1.56 1.16
NiY (A) 1.22 1.22 1.24 1.20 1.29 1.20
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Table SVI. Bader charge differences due to adsorptions of NO; calculated for the systems
Cu(l)Y, PdY, PtY, FeY, CoY and NiY. The configurations considered are 1: through N (M —
N — 02), 2: through O1 while N and O2 are ordered perpendicularly to the 6MR (M — O1 - N

| O2) and 3: through O1 while N and O2 are ordered parallelly to the 6MR (M — O1 — N —

02).
Cation config Atom Charge Difference
Cu(l) -N-0; 0O1 -0.156
02 -0.134
N -0.204
Cu(l) 0.102
-01-N|0O2 01 -0.292
02 -0.137
N -0.075
Cu(l) 0.110
-01-N-02 01 -0.254
02 -0.179
N -0.017
Cu(l) 0.159
Pd -N-0; 01 -0.010
02 -0.036
N -0.087
Pd 0.083
—-01-N|02 o1 Not Stable
02
N
Pd
—01-N-02 o1 Not Stable
02
N
Pd
Pt -N-0, 01 -0.044
02 0.001
N -0.108
Pt 0.113
—-01-N|02 01 Not Stable
02
N
Pt
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Fe -N-0;
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0o1
02

Co
01
02

Co
01
02

Co

o1
02

Ni
o1
02

Ni
0o1
02

Ni

Not Stable

-0.218
-0.048
-0.156
0.196
-0.370
-0.021
0.040
0.233
-0.369
-0.050
0.055
0.227

-0.045
-0.034
-0.149
0.038
-0.334
0.017
0.086
0.165
-0.212
-0.046
-0.007
0.096

0.010
0.008
-0.097
0.007
-0.158
0.017
0.031
0.121
-0.085
0.055
0.024
0.053
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Table SVII Magnetic moments of the zeolites before and after the adsorption

System Before NO N-O2 01-N-02 0O1-N|O2 H20
Cu(Y 0.00 1.00 0.63 0.52 0.53 0.00
PdY 0.00 0.00 0.00 Not Stable  Not Stable 0.00
PtY 0.00 0.00 0.97 Not Stable  Not Stable 0.00
FeY 24.00 (6*4) 23.00 25.00 25.00 25.00 24.00
CoY 17.97 (6*3) 16.95 17.94 18.00 18.92 17.97
NiY 11.7 (6*2) 10.74 11.43 12.70 11.04 11.76
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Figure SXI: Charge density differences that occurred during the adsorption NO, on Cu(l)Y,
PtY, PdY, FeY, CoY, NiY through 3 different modes: 1: through N (M — N — O2), 2: through
O1 while N and O2 are ordered perpendicularly to the 6MR (M — 01 — N | O2) and 3: through

O1 while N and O2 are ordered parallelly to the 6MR (M — O1 — N — O2).. The isosurfaces

have a density 0.002 e/aj.

To investigate the potential effects of increased NO, coverage on the possibility of cross-
adsorption in X zeolite, we performed a series of geometry optimization calculations.
Specifically, we began with relaxed NO, cross-adsorption geometries and then introduced a
second NO, molecule in close proximity to one of the two-adsorption sites. We then evaluated
whether the second NO, molecule was able to adsorb and whether it obstructed the cross-
adsorption of the first NO, molecule. We carried out these calculations for X zeolite
exchanged with with Ca, Fe, and Ni. The resulting adsorption modes for the two NO,

molecules are displayed in Figure SXII.

In the case of Ca, we study the cross adsorption between two Ca cations, representing
alkali earths. When the second NO, was placed close to site III’, it adsorbed successfully,
while the first NO, molecule stayed cross-adsorbed. When the second NO, was placed close

to site 11, its adsorption was prevented by steric affects, between the two NO, molecules. An
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overall interaction energy of -192.9 kJ/mol is associated with the simultaneous adsorption of

the two gases.

FeX cross-adsorption occurred between one Fe and one Na cation, namely between a
transition metal in site III” and an alkali metal in site II. The presence of a second NO, gas did
not prevent the cross-adsorption of the first. Two configurations were obtained dependent on
whether the second NO, was adsorbed on a) site III’ Fe or, b) on site Il Na. These two
adsorption configurations are associated with interaction energies of -333.1 and -266.5

kJ/mol, respectively.

In the case of Ni, we studied the cross adsorption between two Ni cations, namely
between two transition metals. The first NO, molecule stayed cross-adsorbed, when the
second was placed near site II or site III’. The second, adsorbed by both site II and site 111,

one at a time, giving rise to interaction energies of -138.3 and 230.0 kJ/mol, respectively.
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Figure SXII: Adsorption of 2 NO, molecules on the same sites of X zeolite. One NO;
molecule stays always cross-adsorbed, while the second potentially adsorbs, by either a site 11

or site I’ cation.
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