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S1. Abridged and Full Frequency Calculation Schemes

AG¥ = 457

AAG =4

Figure S1. Calculated activation barriers (in kJ mol™) for NO* conversion to N2 and O use two
different schemes for frequency calculations. In one scheme, all adsorbates on the terrace were
vibrated (in yellow), and in the other all atoms on the 3 central sites and 2 edge sites are vibrated
(in green). The difference in calculated energy barriers between these models is 4 kJ mol™* while
the abridged scheme (in green) requires ¥ the computational resources.
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S2. Determination of Rotational, Translational, and Vibrational Contributions

Enthalpies and free energies of a given state were calculated from DFT-derived potential
energy (Eo), zero-point vibrational energy (ZPVE) and vibrational, translational, and rotational
terms. Vibrational terms were determined using a harmonic approximation for each vibrational
mode. The frequency of each mode (vi) was calculated using DFT. From these frequencies the
zero-point free energy was calculated as:

where h is Planck’s constant. Vibrational enthalpy (Hvib) was calculated as:
“vih
ih kT
Hyip = X (H——vlh> (S2)
1-e kT
and free energy (Gvib) was calculated as:
Gyip = &(—kr In —) (S3)
1-e kT

where k is Boltzmann’s constant.

For surface and particle calculations rotational and translational contributions are zero, but
must be taken into account for gas-phase species. The only gas molecules considered in this work
are H> and NO, which are both linear. The rotational and translational enthalpies and free energies
are calculated as:

Hirans = 5/2 kT (S4)
Hyot linear = kT (S5)
2nMkT\3/2
Gerans = —KT'In [( i V] (S6)
1/2 ( 13 1/2
Gror = —kTn ["U (exeyQ) l (S7)
L™ 8r2k (S8)

where I; is the moment of inertia about each axis (X, y, z) and o is the symmetry factor of the
molecule (2 for Hz and 1 for NO). From these terms state enthalpy (H):

H = Eo + ZPVE + Hyib + Htrans + Hrot (S9)
and free energy (G):
G = Eg + ZPVE + Guyip + Gtrans + Grot (S10)

can be determined.
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S3. NO* Filling Minimum Energy Configurations

Coverage
AHgiff =208 -195 -191 -158 -163
AGyitf =140 -128 -124 -88 -93

AS git -161 -158 -159 -166 -164

Coverage 6/9

AHyiff -120 11 72 26
AGgift -40 90 155 107
AS giff -190 -186 -196 -192

Figure S2. Minimum energy configurations of NO* covered Rh surfaces at coverages (in ML)
from 1-9/9 ML. Differential adsorption enthalpies (AHuitr) and free energies (AGair) in kJ mol™
and entropies (ASqirr) in 3 mol™* K™%, calculated at 423 K 1 bar.

Coverage 0.20 0.59 1.38
AE gitf -239 -134 -58

Figure S3. Minimum energy configurations for NO* covered Rhyo1 particles at intermediate
coverages (in ML) ranging from 0.20-1.38 ML. Differential NO* binding energy (AEdiff) in kJ
mol 2.
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S4. N-O Scission Pathways
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Figure S4. Structural images and enthalpies, free energies (both kJ mol™), and entropies (J mol™
K™) to hydrogenate NO* to NOH* (parts a,e) and HNO* (parts b,d) and to form HNOH* from
NOH* (parts ¢,g) and HNO* (parts d,h) at 423 K and 1 bar and 4/9 and 1.35 ML of spectating
NO* on Rh(111) and Rh119, respectively. Relevant distances are labeled in pm. View tilted 10° off
the normal vector.
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Figure S5. Structural images and enthalpies, free energies (both kJ mol™?), and entropies (J mol™
K1) of HNOH* (parts a,d), HNOH* hydrogenation (parts b,e), and H.NOH* (parts c,f) at 423 K
and 1 bar and 4/9 and 1.35 ML of spectating NO* on Rh(111) and Rh119, respectively. Relevant
distances are labeled in pm. View tilted 10° off the normal vector.
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Figure S6. Comparison of NO dissociation pathways on Rh(111) (423 K 1 bar). The coverage of
the initial state (denoted by 2NO¥*) is 6/9 ML NO*. Colors represent the different pathways in
Scheme 1. Dashed lines indicate steps that break the N-O bond.
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Figure S7. Comparison of NO dissociation pathways on Pt(111) (423 K 1 bar). The coverage of
the initial state (denoted by 2NO¥*) is 5/9 ML NO*. Colors represent the different pathways in
Scheme 1. Dashed lines indicate steps that break the N-O bond.
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Figure S8. Comparison of NO dissociation pathways on Rh11g (423 K 1 bar). The coverage of the
initial state (denoted by 2NO*) is 1.38 ML NO*. Colors represent the different pathways in
Scheme 1. Dashed lines indicate steps that break the N-O bond.

S5. Maximum Rate Analyses

Maximum rate analysis on Pt were performed for pathways 3, 4, and 5, the results of which
are shown in Figs. S9-S11. Prior investigations on Pt did not model the formation of ONNO¥*,
which is assumed to be quasi-equilibrated in this analysis. Direct NO dissociation (Pathway 2)
only has one step, which the kinetically relevant step. Pathway 6 was not modeled in the previous
work. The rate limiting step is HNO* dissociation (Step 3b) for Pathway 3, NOH* dissociation
(Step 4b) for Pathway 4, and HNOH* dissociation (Step 5b) for Pathway 5.
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Figure S9. Maximum rate analysis and schematic representation of the formation and dissociation
of HNO* on Pt(111). Pno = 0.003 bar, T = 423 K. Rate determining step bolded. Colors and step
numbers correspond to reaction pathways and steps in Scheme 1.
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Figure S10. Maximum rate analysis and schematic representation of the formation and
dissociation of NOH* on Pt(111). Pno = 0.003 bar, T = 423 K. Rate determining step bolded.
Colors and step numbers correspond to reaction pathways and steps in Scheme 1.
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Figure S11. Maximum rate analysis and schematic representation of the formation and
dissociation of HNOH* on Pt(111). Pno = 0.003 bar, T = 423 K. Rate determining step bolded.
Colors and step numbers correspond to reaction pathways and steps in Scheme 1.

The results of maximum rate analyses on all pathways examined on Rh(111) are shown in Figs.
S12-S16. For Pathway 2 the only step (NO dissociation) is the rate limiting step. The limiting step
for Pathways 1, 3, and 4 are the dissociation steps (Steps 1b, 3b, and 4b). The limiting step for
Pathway 5 is the formation of HNOH* from HNO* (Step 5a), indicating this step is irreversible.
Because Step 5a is irreversible, the only possible pathway for the formation and dissociation of
H2NOH (Pathway 6) is through NOH*, and the limiting step is the formation (6a).
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Figure S12. Maximum rate analysis and schematic representation of the formation and
dissociation of ONNO* on Rh(111). Pno = 0.003 bar, T = 423 K. Rate determining step bolded.
Colors and step numbers correspond to reaction pathways and steps in Scheme 1.
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Figure S13. Maximum rate analysis and schematic representation of the formation and
dissociation of HNO* on Rh(111). Pno = 0.003 bar, T = 423 K. Rate determining step bolded.
Colors and step numbers correspond to reaction pathways and steps in Scheme 1.
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Figure S14. Maximum rate analysis and schematic representation of the formation and
dissociation of NOH* on Rh(111). Pno = 0.003 bar, T = 423 K. Rate determining step bolded.
Colors and step numbers correspond to reaction pathways and steps in Scheme 1.

10

Rh (111) Pathway 5

10—3_ -

10° -

N
I
oz
3
®

1074
NO™ o = === -« HN* + OH*

] a5 HNOH

1074

107134

Turnover Rate / (mol NO) (mol Rh s)™'
=
(@]
I
*

107

10777 T .
107 1072 107" 1 10
H, Pressure / bar

Figure S15. Maximum rate analysis and schematic representation of the formation and
dissociation of HNOH* on Rh(111). Pno = 0.003 bar, T = 423 K. Rate determining step bolded.
Colors and step numbers correspond to reaction pathways and steps in Scheme 1.
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Figure S16. Maximum rate analysis and schematic representation of the formation and
dissociation of H-NOH* on Rh(111). Pno = 0.003 bar, T = 423 K. Rate determining step bolded.
Colors and step numbers correspond to reaction pathways and steps in Scheme 1. Steps 3a and 5a
are unavailable for the formation of HNOH* as Step 5a was determined to be irreversible from
the analysis done on Pathway 5.

The results of maximum rate analyses on all pathways examined on Rhi1g are shown in Figs.
S17-S21. For Pathway 2 the only step (NO dissociation) is the rate limiting step. The limiting step
for Pathways 1 and 3 are the dissociation steps (Steps 1b and 3b). The limiting step for Pathway 4
is NOH* formation (4a), indicating this step is irreversible. Because step 4a is irreversible, the rate
of HNOH* formation through NOH* depends on the probability that NOH* will hydrogenate and
subsequently dissociation (5c) instead of dissociate (4b), which is ~107°-107* across the entire H;
range. This low probability means that NOH* will almost always dissociate and that Pathway 5 is
instead limited by the formation of HNOH* through HNO* (Step 5a) (Figure S20). Similarly, for
Pathway 6, H-NOH* is formed through HNO¥*, and is limited by Step 6a.
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Figure S17. Maximum rate analysis and schematic representation of the formation and
dissociation of ONNO™* on Rhiig. Pno = 0.003 bar, T = 423 K. Rate determining step bolded.
Colors and step numbers correspond to reaction pathways and steps in Scheme 1.
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Figure S18. Maximum rate analysis and schematic representation of the formation and
dissociation of HNO* on Rh119. Pno = 0.003 bar, T =423 K. Rate determining step bolded. Colors
and step numbers correspond to reaction pathways and steps in Scheme 1.
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Figure S19. Maximum rate analysis and schematic representation of the formation and
dissociation of NOH* on Rhiig. Pno = 0.003 bar, T = 423 K. Rate determining step bolded. Colors
and step numbers correspond to reaction pathways and steps in Scheme 1.
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Figure S20. Maximum rate analysis and schematic representation of the formation and
dissociation of HNOH* on Rhiie. Pno = 0.003 bar, T = 423 K. Rate determining step bolded.
Colors and step numbers correspond to reaction pathways and steps in Scheme 1. Steps 4a and 5b
are unavailable for the formation of HNOH™* as step 4a is irreversible and not quasi-equilibrated.
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Figure S21. Maximum rate analysis and schematic representation of the formation and
dissociation of HoNOH* on Rhiis. Pno = 0.003 bar, T = 423 K. Rate determining step bolded.
Colors and step numbers correspond to reaction pathways and steps in Scheme 1. Steps 4a and 5b
are unavailable for the formation of HNOH™* as step 4a is irreversible and not quasi-equilibrated.
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