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S1. Rate coefficients used in the model

With prer = 10° Pa (1 bar) and c® and ¢’ are the stoichiometry coefficients of the products and the
reactants, respectively. The second factor in Eq. S1 is required to keep the units of K., consistent with

those of the rate coefficients. The Gibbs free energy AG is calculated using the NASA Polynomials.'?

Table S1 lists the gas phase reactions included in the model, along with their rate coefficients. Some of
these rate coefficients are calculated from the rate coefficients of the corresponding reverse reaction and
the equilibrium constant via detailed balancing. The equilibrium constant used for detailed balancing is

calculated according to:

zcR-xcl
AG
Keq = exp (— ) . < Pref > (S1)

RgasTgas RgasTgas

With prer = 10° Pa (1 bar) and c® and ¢" are the stoichiometry coefficients of the products and the
reactants, respectively. The second factor in Eq. S1 is required to keep the units of K., consistent with

those of the rate coefficients. The Gibbs free energy AG is calculated using the NASA Polynomials.'

Table S1. List of gas phase reactions included in the model, with their corresponding rate coefficients.

Reaction Rate coefficient® Ref.
et0—-e+e+0" (o) 3
e+0 —-e+e+0 f(o) 4
e+, —>e+e+0; (o) 3
e+0,—>e+e+0+0" (o) 5
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e+0,—>e+0+0 f(o) 3
e +0;— e +0+0(1D) f(o) 3
e +0 —e+0(1D) f(o) 3
e+0,—>0+0O f(o) 3
€ +0;—>0+0y (o) 4
e+0;—>0+0 flo) 4
CO,+e > CO +te +e f(o) 3
CO,+e — CO(a3P)+ O +¢ f(o) 6
CO,+e — CO+O(ID) + & (o) 6
CO,+e—>CO+O f(o) 7
CO+e —->CO'+e+e (o) 3
CO+e — CO(a3P) +e (o) 3
CO+te—-C+O (o) 3
CO+e—->C+O+e (o) 3
C+te—-C+ete (o) 4
M+e+O0—->M+0O 1 x10731 8,9
M+e+0,—>M+0y 1 x10731 8,9
2
e+e+0"—>e+0 7 % 10720 . <30X10> 8
] o\ 15
M+e+0"—-M+O0 6x 10727 . (30X10> 8.9
o\ 45
et+te+0 —->e+0; 1x10°19. (30X10> 9
o\ 15
M+e+0" >M+0; 6 x 10727 . (30X10> 8.9
_ ] 30 2\ 0.7
e+0,"—>0+0 2.7 x 1077 ( x 10 8
M+0+0—->M+0, 5.2X10_35-exp<9X10> 10
Tgas
13 _ )
00 e+ 0 112 x 10 ﬂp( 8.06><10) »
NA Tgas
O0+0 —>e+0, 2.3x 10710 12
M+0+0"—>M+0," 1x107%° 8,9
0+0,;, -0+ O 3.3x 10710 8,9
O0+0y —e+0; 1.5 x 10710 8,9
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—2.060 x 103

O0+0;—>0,+0, 8><10'12-exp 13
Tgas
3.0 x 102\*?
M+0+0,—M+0; 5.4x10‘34-<—> 8
Tgas
0.5
.0 X 102
0+ 0" >0 +0y 2><10—11-<—30 10) 8
Tgas
0;+0" > 0,4+ 0," 1x10710 8,9
X 2
0+0"->0+0 2x1077 <30 10) 9
Tgas
o\ 0.5
0y +0"=0+0, 2x 1077 <30X10> 9
Tgas
N
M+0,+0"—->M+0+0, 2x10‘25-<30X10> 9
Tgas
2.5
.0 X 102
M+O+0"->M+0+0 2><10—25.<30 10> 9
Tgas
o\ 2.5
M+02'+O+—>M+O3 2><10_25-<30><10> 9
Tgas
o\ 2.5
Tgas
0, +0—>0+0+0 1% 1077 9
0x102\%°
0, +O0—=0+0, 2% 1077 (30 0> 9
Tgas
0,+0 > e +0; 5x 10715 8,9
0;3+O0 —>e+0,+0, 3x10°10 8,14
2\ —0.5
M+O —->M+e+0 6.9><10-1°-<—3'0X10> 15
Tgas
o\ 2.5
M+0,"+O ->M+0+0, 2><10‘25-<M> 9
Tgas
o\ 2.5
M+ O, + O — M + O; 2x10—25.<M> 9
Tgas
—4.980 x 10*
0,+0,— 0+0; 2x 1071 . exp | ———— 8
Tgas
. —5.938 x 104
M+0,—->M+0+0 3% 107 Tk - exp | ——— 10
Tgas
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2.5
.0 X 102
M+0,y,+0," > M+0,+0, 2x10—25.<u> 9
Tgas
Oy +0," - 0+0+0, 1x1077 9
2\ 0.5
Oy + 0," — O, + O, 2 % 10~7 - <M> 9.16
Tgas
-0.5
.0 x 102
M+0y —>M+e +0, 2)(10—10.(M) 15
Tgas
10 —1.160 x 10*
M+0;—>M+0+0, 6.6 X 10710 . exp | ———— 8
Tgas
. Te —-0.4
CO*+e —C+0 , x1—7.<—) 17
6.8 %10 3.0 x 102
. Te -0.4
COy' +e —CO+0 . .4x1‘6-<—) 17
’ 0.5-34x 107" (35% 102
. Te -0.4
COy'+e —>C+0 5. _4x1—6.<—) 17
’ ’ 0534107 (3% 102
1.12 x 1013 —8.06 x 10%
CO+0—>CO +¢ ————exp | —————— 18P
NA Tgas
1.12 x 1013 —8.06 x 10*
C+0,—COy +e —exp|————— 18°
NA Tgas
5.28 x 1012 —3.2 x 10*
C+0—->CO" +e —exp| ————— 11,18
NA Tgas
2\ 4.5
CO'+e+e—-CO+e 1x10-19. (30X10> gc
M+CO"+e ->M+CO 6 X 10727 . (30X10> 9d
COy+e+e—COy+e 1x10°19. (30><10> 9¢
M+ CO;" +e —> M+ CO; 6x 10727 (3OX10> 9d
—2.114 x 103
M+C+0—->M+CO 9.1X10_22-Tg_a3s'08-exp _— 17
T,
gas
1.2 x 10 —2.01 x 103
C+0,—-CO+0 - exp 19
NA Tgas
1o o308 —-2.114 x 103
M+C+0"—>M+CO* 1% 10719 T, %08 . exp | —— 20
Tgas
C+0,">CO"+0 5.2 x 10711 21
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C+0," > C+0, 5.2x 10711 21
C+O—-CO+e 5x 10710 21
—-2.114 x 103
M+C"'+0—M+CO* 1x 10717 T, 308 - exp | ——— 20
Tgas
C'+0,—>CO+0" 6.2x1071.99x 10710 22
C"+0,—>CO"+0 3.8%x1071.99x 10710 22
1.7 x 1013 —2.65 x 104
CO;,+0—->CO+0O, - exp 17
NA Tgas
CO,+0"—CO;"+0 0.5-9x 1010 22
CO,+0"—= CO+ 0, 0.5-9x10°10 22
s —1.51x 10°
M+CO+0—M+CO, 83x1073* . exp| —————— 10
Tgas
1 —2.4%x10*
CO+0,—CO,+0 42x 1072 . exp| ——— 10
Tgas
CO+03— CO,+ 0, 4x10725 23
T 0.5 —4.58 x 103
CO+0"—CO"+0 -11, (ﬂ) e 28X 107 20
— 2x10 5% 10 exp T
T -0.39
CO+0 —COy+e %1 —10.( gas ) 24
6 0 3 x 102
CO,"+0 — CO,+ 0" 0.37 - 2.6 x 10710 22
CO,"+0— CO+ 0" 0.63-2.6 x 10710 22
CO, "+ 0, - CO,+0O," 5.3x 1011 24
CO"+0—- CO+0+ 1.4 x 10~10 25
CO" "+ 0, — CO+ 05" 1.2 x 10710 26
C+CO; - CO+CO 1x10715 27
CO,+C"— CO+CO* 1.1x107° 28
C+CO"— CO+C* 1.1x 10710 21
3.65 x 1014 —5.2525 x 10*
M+CO,—->M+CO+0 - exp 29
NA Tgas
CO, +CO" - CO + CO," 1x107° 26
6 sy —1.287 x 10°
M+CO—-M+C+0O 1.46 X 106 - T;35% - exp | ———— 17
Tgas
CO(a3P) + 0, — CO + O, 5.0x 10711 30
CO(a3P)+ 0, - CO+0+0 5.0 x 10711 30
CO(a3P) + 0, —» CO,+ O 3.0x 10711 30
CO(a3P)+CO — CO+CO 1.4 x 10710 30
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CO(a3P) + CO — CO, + C 1.4 x 10712 30
CO(a3P) + CO, — CO + CO; 1.5x 10711 30
CO(a3P) + CO, —» CO+CO+0 1.5x 10711 30
0+0(1D) - 0+0 8.0 x 10712 31
CO+0(1D) - CO+0 8.0 x 10711 32
0,+0(ID) - 0, + 0 0.312 x 10710 - exp (M) 33
gas
CO,+O(1D) — CO,+ O 0.74 x 1071% . exp (%) 33
gas
CO;" + COy — CO, +CO, + O 5.0 x 1077 34
CO+COs — CO, +COy +¢ 5.0 x 10713 35
COs +0 — COy + 0, 0.333-1.4 x 10710 22
COy + 0, - CO, +0+ 0, 3.0 x 1077 34
CO3y +0 — CO, + Oy 8.0 x 10711 35
M+ CO;+ O — M+ COy 9.0 x 1072° 35
M +CO, + Oy — M + COy 4.7 x 1072° 22
COy +0 - CO,+ 0, + O 0.333-1.4 x 10710 22
COs + 0, - CO, + 0, + 0, 3.0x 1077 34
CO," + COs — CO» + CO» + O, 5.0 x 1077 34
CO+0—-C+O0, krey - Keq ¢
CO; + 0, — CO + O3 krev - Keq ¢
CO+CO — C+CO, Krev - Keq ¢
CO,+0+0; — COs + O,* krev - Keq ¢
CO,+ 0y — COs +0 krev - Keq ¢
M+ COy — M+ CO, + O krev - Keq ¢

a)
b)
o
d)
e

Units are 57!, cm’ s/ d

Estimated: equal to O + O — 02" + e~

Estimated: equalto A" + e~ +e-—> A+ e~

Estimated: equal to A" + e+ M —> A+ M

Calculated via detailed balancing.

, em® s or em® 57! for unimolecular, bimolecular or trimolecular gas phase reactions, respectively.
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S2. Electron impact reactions included in the model

Table S2. List of the electron impact reactions included in the calculation of the electron energy

distribution function.

Electron impact reaction Ref.

C+te—->C+e+e

C+e — C+ e (effective)
C+e —-C(ID)+¢e
C+e - C(IS)+e
CO+ e — CO + ¢ (elastic)
CO + e — CO(vy) + e (withn=1-10)
CO+e — CO(a3P) +e
CO+e — CO(a’3Sut) +¢
CO+e — CO(A1P) + ¢
CO +e — CO(b3Su+) + e
CO+e — CO(BISu+) +e
CO+e — CO(ClSut) +e
CO+e — CO(EIP) + ¢
CO+e—-C+O+¢e
CO+e—-C+O
CO+e—>CO te t+e
CO; +e — COaz(voi) te
CO; +e — COa(v) te
CO; +e — COx(vigo) t e
COy + e — COa(vo30+110) + €
COy +e — COx(von) + ¢
COy + e — COx(Voso+120+011) T €
CO; +e — COxX,va00) + €
CO; + e — COx(X,voso+210+130+021+101) + €
CO; +e — COxX,v300) + €
CO; + e — CO2X,Vo60+220+140) + €
CO;z + e — COAX,Vono+n0o) + €
CO; +e — COxED) +e
CO; +e — COxE2) + e
CO; +e — CO; + ¢ (effective)

W W[ W] W[ W] W[ W] W| W] W| Wl W| Wl W| Wl W W| Wl W| Wl W Wl W W W W A~ b N >
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CO, +e — CO+O(ID) + ¢

CO, +e — CO@3P)+ O + ¢

CO, +e—->COy +e +e

CO; +e—=CO+O

O +e — O+ e (elastic)

O+e —>O(ID)+¢

O+e —O(1S) + ¢

O+e — 0(4S0) + ¢

O+e — 0(2D0) + e

O+e — O(2P0) +¢

O+e¢ — OBP0) +e

O+e—>0"'+e+e

0,+e > Ox(vn) +e (n=1-4)

0, +e — Oy(alDg) + ¢

0,+e — O0y(blSg+) + ¢

0, + e — Ox(A3Su+, C3Du, c1Su-) + &

0, + e — 0x9.97eV) + &

O+ e — 0y(14.7eV) + &

0+ e — O, + ¢ (effective)

Oy+e -0y +e +e

O, +e—>0+0"+e+e

O2+e—>0+0

O, +te—>0+0+e

0,+e —>0+0(1ID)+ e

0; + e — O3 + ¢ (effective)

O3 +e—>0+0y

O3+e—>0,+0O

O+e—>0+e+e

B A & B W] W] W] L] W W] W] W W W] W W W] W W W W W W W 9 W o o
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S3. Surface reactions on glass

Table S3. List of the surface reactions included in the model for glass.

Reaction®”

O+ * — O*P

O +* — O*

O*P + %C _5 *p 4 O*C

O*P_)O_i_*p

O*C—>O+*C

O*P 4+ O*C — Oy 4 *P + *¢
O+ O* — O, + *p
O+ 0% — Oy + *¢

CO + 0% — CO; + *P
CO + 0% — CO, + *¢

a) Superscripts p and c refer to physisorption and chemisorption sites, respectively.

b)  For the corresponding rate coefficients, see sections 2.2.4 and 2.2.6 in the main paper.



S4. Effect of varying the parameters governing the glass surface

Kinetics

In this section we illustrate the possible impact of uncertainties regarding the main parameters that
govern the glass surface kinetics. We therefore vary the values of these parameters and observe how the
CO and O, mole fractions are affected for a CO, plasma afterglow at 500 K, 5 mbar and a flow rate of
100 scem. We study the following parameters: the fraction of chemisorption sites fc, the pre-exponential
factor for desorption v4, and the activation barriers for recombination to O, and COs (£, 0+0 and E;, co+o,

respectively).

Figure S1 shows the effect of varying the fraction of chemisorption sites f.. The default value used in
the main paper is fc = 0.002, so we study here the effect of both increasing and reducing f; by a factor
10. As can be seen, this causes a strong change in the time required for the O, and CO mole fractions to
stabilize (which happens when the O atoms in the gas phase are depleted). Indeed, the recombination of
O atoms on the glass surface occurs predominantly via an L-R reaction between a chemisorbed O* atom
and an impinging O atom or CO molecule from the gas phase, forming O, or CO,, respectively. Hence,
the larger f., the faster recombination occurs. Note that the O, and CO mole fractions stabilize at a lower
value for a higher value of /.. While the rate for recombination between CO and O* is higher than that
for O + O*, the ratio between both does not change when f: is altered. Nevertheless, the effect of the
fastest reaction (CO+O%*) on the mole fractions becomes more pronounced as both rates are increased
by the same factor. Also note that large variations in f; have only a moderate effect on the CO density in
the plasma (i.e., at 0 cm) as the CO fraction roughly doubles when f. drops from 0.02 to 0.002 and the
effect is even smaller when /. drops further from 0.002 to 0.0002.
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(a)0.012

— f.=0.0002
— fc=0.002
— f.=0.02

e

o

=

o
1

0.008 ~

T

0.004 -/

Mole fraction of O

0.002 ~

(b)0.000
0.030 \
0.025
0.020
\_

0.015 A

0.010 A

Mole fraction of CO

0.005 A

0.000 T T T T
0 10 20 30 40 50

Position after plasma (cm)
Figure S1. Effect of varying the fraction of chemisorption sites f. on the mole fractions of O: (a) and CO
(b). The default value in the model is f. = 0.002. Conditions: T = 500 K, p = 5 mbar and flow rate =
100 sccm.

The effect of varying the pre-exponential factor for desorption vy is illustrated in Figure S2. When the
default value of v, is lowered by a factor 10, i.e., from 10" to 10'* s’!, the O, and CO mole fractions
stabilize at slightly higher values. Lowering the pre-exponential factor results in lower rates for
desorption from both physisorption and chemisorption sites, but the latter are already largely occupied
when v, = 10 s°!. Hence, lowering v, from 10'5 to 10'* s”! mainly enhances the coverage of physisorbed
O* atoms, which improves the formation of O, via the L-H reaction between physisorbed and
chemisorbed O* atoms. Since more O atoms recombine to O, the mole fraction of CO also stabilizes at
a higher value, as less O atoms will be available to recombine with CO to CO,. When v, is set to 10
s”!, recombination of O atoms on the surface becomes very slow, as is apparent from the slow evolution
of the O, and CO mole fractions in the afterglow. This is because desorption from chemisorption sites
becomes significant for this value of v, thus lowering the coverage of chemisorbed O* atoms, which

indicates that a value of 10'° 57! for vy is not realistic.
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(a)0.012

Mole fraction of O,

(b)0.000

0.030 A

Mole fraction of CO

0.005 A

0.000

e

o

e}

o
1

0.008 A

0.006 A

0.004 -

0.002 ~

— vg=10"s1

0.025 ~
0.020 -
0.015 A

0.010 ~

— yy=101s"1
— vy =10%6 57 1]
0 10 20 30 40 50

Position after plasma (cm)

Figure S2. Effect of varying the pre-exponential factor for desorption vq on the mole fractions of O: (a)
and CO (b). The default value in the model is vy = 107 s”'. Conditions: T = 500 K, p = 5 mbar and flow

rate = 100 sccm.

Figure S3 illustrates the effect of varying the activation barrier for recombination between two O atoms

E.o+0 by a factor 3/2. Naturally, a lower activation barrier improves the reaction rate for O+O

recombination, and thus also the O, (and CO) mole fractions. When E,.0+0 is increased by a factor 3/2,

i.e., from 0.13 to 0.20 eV, the O, and CO mole fractions at the end of the afterglow are approximately

halved. Conversely, when E,0+0 is lowered from 0.13 to 0.087 eV, the O, and CO mole fractions at the

end of the afterglow rise by approximately 40%. Note that while the O atom fraction in the plasma (at 0

cm) clearly depends on the value of E.0+0, the CO mole fraction in the plasma does not change

significantly when E0+0 is altered.
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(a)0.012

e

o

e}

o
1

N

0.008 A

0.006 A

0.004 -

Mole fraction of O,

0.002 ~

(b)0.000

— Fro-0=0.13eVx2/3
00301 |— g o 5=0.13eV

0.025 t Ero-0=0.13 eV x 3/2

0.020 -

0.015 A

0.010 ~

Mole fraction of CO

0.005 A

0.000 T T T T
0 10 20 30 40 50

Position after plasma (cm)

Figure S3. Effect of varying the activation barrier for recombination between O atoms E.o+o on the
mole fractions of O; (a) and CO (b). The default value in the model is E,,0+0 = 0.13 eV. Conditions: T =
500 K, p = 5 mbar and flow rate = 100 sccm.

Lastly, Figure S4 illustrates the effect of varying the activation barrier for recombination between CO
and an adsorbed O* atom. Increasing this activation barrier lowers the rate of the backreaction to CO-
and thus enhances the O, and CO mole fractions. When the value of E,co+0 is increased by a factor 3/2,
i.e., from 0.104 to 0.156 eV, the O, and CO mole fractions near the end of the afterglow are enhanced
by approximately 55%. Lowering the activation barrier from 0.104 to 0.069 eV reduces the O, and CO
mole fractions at the end of the afterglow by approximately 35%. Hence, the height of the activation
barriers for the recombination reactions has a significant impact on the mole fractions of O, and CO,
and thus on the CO, conversion. Whether most of the O* adsorbed atoms will recombine with impinging
O atoms to form O, or with CO to form CO,, eventually depends on the height of the activation barriers

of both reactions relative to each other.
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(a)0.012

~ 0.010 A

o

[T

© 0.008 -

c

R=l

S 0.006 A

©

e

~ 0.004

© — Erco+0=0.104 eV x 3/2
= 0.0024 | Erco+0=0.104 eV

— Er,CO+O =0.104 eV x 2/3

(b)0.000

0.030 A

0.025 ~

0.020 -

/

0.015 A

0.010 ~

Mole fraction of CO

0.005 A

0.000 T T T T
10 20 30 40 50

Position after plasma (cm)

o

Figure S4. Effect of varying the activation barrier for recombination between CO and an adsorbed O*
atom E, co+o on the mole fractions of O: (a) and CO (b). The default value in the model is E,,co+o =
0.104 eV. Conditions: T = 500 K, p = 5 mbar and flow rate = 100 sccm.
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S5. DFT energies and vibrational frequencies

Table S4. DFT energies and vibrational frequencies of the species involved in reactions on the transition
metal surfaces. The energies are calculated as the formation energy of the species relative to CO and

O: in the gas phase, and the empty slab.

Species  Surface  Energy (eV) Frequencies (cm™)?
CO; - -3.02 [667.0, 667.0, 1333.0, 2349.0]> 3
Cco - 0.0 [2143.2]° %
07} - 0.0 [1556.4] %36
@) - 2.88 [
* All 0.0 [
CO* Ag(111) -3.21 [50.0, 50.0, 50.0, 50.0, 51.0, 595.8, 610.3, 1298.5, 2305.2]
Cu(111) -3.21 [50.0, 50.0, 50.0, 50.0, 50.9, 596.9, 611.0, 1298.3, 2303.5]
Pd(111) -3.24 [50.0, 50.0, 50.0, 50.0, 55.1, 592.9, 611.0, 1297.2, 2299.4]
Rh(111) -3.24 [50.0, 50.0, 50.0, 50.0, 55.1, 589.0, 608.7, 1296.7, 2298.7]
CO* Ag(111) -0.17 [50.0, 50.0, 116.9, 116.9, 137.1, 2035.0]
Cu(111) -0.61 [50.0, 50.0, 257.3, 257.4, 296.0, 2002.1]
Pd(111) -1.76 [146.5, 147.2, 298.4, 322.6, 323.2, 1749.9]
Rh(111) -1.74 [50.0, 50.0, 386.0, 386.0, 430.3, 1966.0]
Ox* Ag(111) -0.36 [50.0, 81.8, 85.2, 145.5,271.6, 1056.2]
Cu(111) -1.05 [108.7,165.4, 192.2,328.5, 365.7, 626.6]
Pd(111) -1.06 [125.3,191.9, 281.5, 320.2, 414.3, 805.8]
Rh(111) -1.69 [138.5,207.7,269.3, 361.6, 442.4, 648.8]
O* Ag(111) -0.64 [311.1,311.1, 322.1]
Cu(111) -1.78 [370.5, 370.5, 407.2]
Pd(111) -1.47 [361.5,361.5, 398.2]
Rh(111) -2.19 [340.8, 340.9, 443.9]
O-O%* Ag(111) 0.40 [69.6, 148.6, 200.4, 259.1, 292. 3]
Cu(111) -1.03 [71.1, 268.1,293.3, 375.8, 406.2]
Pd(111) -0.48 [63.3, 152.1, 348.5, 422.8, 537.9]
Rh(111) -1.60 [124.2,221.1, 253.6, 438.9, 526.2]
O-CO*  Ag(111) -0.75 [50.0, 96.9, 161.7, 225.1, 264.3, 304.3, 418.8, 1955.4]
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Cu(111) -1.80 [50.0,77.6,211.2,297.2, 325.5, 364.0, 519.3, 1930.3]

Pd(111) -1.78 [50.0, 113.1, 246.6, 309.2, 358.3, 361.5, 500.0, 1951.9]

Rh(111) -2.59 [56.8,124.9, 272.6,278.4,379.0, 436.3, 568.7, 1874.0]

a) A cut-off of 50.0 cm™ was used as lower boundary for the vibrational frequencies.

b) For gas molecules experimental frequencies taken from the NIST Computational Chemistry Comparison and

Benchmark Database®® were used.

S6. Parameters used in the ideal gas approximation

Table S5. Parameters used in the ideal gas approximation for calculating the enthalpy correction and

entropy of gas molecules.

Species Geometry I, (amu A% Mass (amu)’’ Symmetry number Spin multiplicity

0 Linear 11.72561 31.9988 2 1
O Monoatomic 0.0 15.9994 1 1
CO; Linear 43.20143 44.0095 2 0
CO Linear 8.768466 28.0101 1 0
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S7. Parameters used in the modified Arrhenius expression of the

surface rate coefficients as a function of temperature

Table S6. List of the parameters acquired by fitting the calculated values of the rate coefficients for

surface reactions to a modified Arrhenius expression.

Surface Reaction a? b c

Ag(111) O+*—O% 9.094 x 1074 5.000 x 10! 9.388 x 107
Ag(111) O* >0 +* 1.387 x 10'¢ -5.959x 10! -4.052x 10*
Ag(111) Oy +* — Oy* 6.431 x 10" 5.000 x 10! 2.871 x 10
Ag(111) 0¥ >0, + * 1.167 x 10% -2.011 -4.442 x 10°
Ag(111) CO, +* — COy* 5.483 x 10 5.000 x 10! -6.286 x 10°
Ag(111) CO* —» COy + * 8.318 x 108 -2.086 -2.350 x 10°
Ag(111) CO+* — CO* 6.873 x 1074 5.000 x 10! 5.979 x 10
Ag(111) CO*—-CO+* 1.180 x 10" -1.933 -1.991 x 10°
Ag(111) Ox* +* — O* + O* 4372 x 10" 4.897 x 10! -1.910x 10*
Ag(111) O*+0* - Oy* + * 6.869 x 10'° 4.670 x 10! -8.263 x 10°
Ag(111)  CO* +* — CO* + O* 1.350 x 10" -7.697 x 107 -7.121 x 107
Ag(111)  CO* + O* — CO* + * 5.859 x 10® 9.106 x 10! -2.723 x 10*
Cu(111) O+*—O* 9.094 x 104 5.000 x 10! 1.587 x 107
Cu(111) O* ->0+* 6.182 x 10" -4.112 x 10! -5.361 x 10*
Cu(111) Oy +* — Oy* 6.431 x 1074 5.000 x 10! -2.305 x 107
Cu(111) O > O+ * 1.705 x 10*! -1.969 -1.257 x 10*
Cu(111) CO, +* — COy* 5.483 x 10" 5.000 x 10! 4.972 x 107
Cu(111) COy* - COx + * 8.325 x 108 -2.086 -2.350 x 10°
Cu(111) CO+* — CO* 6.873 x 107 5.000 x 10! 1.360 x 107
Cu(111) CO* - CO+* 1.762 x 10" -1.676 -6.924 x 10°
Cu(111) Oy* +* — O* + O* 6.720 x 10" 3.619 x 10! -2.902 x 10*
Cu(111) O*+0* - Oy* + * 6.683 x 10" 3.377 x 10 -1.349 x 107
Cu(111)  COx* +* — CO* + O* 2.921 x 10" 8.546 x 10 -6.746 x 10°
Cu(111)  CO*+0O* — COx* + * 1.237 x 10° 6.955 x 10! -1.523 x 10*
Pd(111) O+*— O* 9.094 x 104 5.000 x 10! 1.587 x 10
Pd(111) O* > O0+* 6.780 x 10" -4.325 x 10! -5.003 x 10*
Pd(111) O +* — Oy* 6.431 x 1074 5.000 x 10! -2.305 x 107
Pd(111) Oy > Oy + * 7.679 x 10%° -1.734 -1.245 x 10*
Pd(111) CO, +* — COy* 5.483 x 1074 5.000 x 10! 4.972 x 107
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Pd(111) COy* - COy + * 9.148 x 1018 -2.089 -2.705 x 10°
Pd(111) CO+* — CO* 6.873 x 1074 5.000 x 107! 1.360 x 107
Pd(111) CO* - CO+* 9.200 x 10" -1.555 -2.033 x 10*
Pd(111) 0O* + * —» O* + O* 6.369 x 10" 3.718 x 10! -2.827 x 10*
Pd(111) O*+0* - Ox* + * 2.371 x 10" 3.206 x 10! -6.419 x 10°
Pd(111)  COx* +* — CO* + O* 1.354 x 10" 1.305 x 10! -1.686 x 10*
Pd(111)  CO* +O* —» CO* + * 1.100 x 10° 6.379 x 10! -1.587 x 10*
Rh(111) O+*—O* 9.094 x 1074 5.000 x 107! 1.587 x 107
Rh(111) O*->0+* 6.488 x 10" -4.281 x 10! -5.838 x 10*
Rh(111) O+ * — Oy 6.431 x 10" 5.000 x 10! -2.305 x 107
Rh(111) Oy* > 0O+ * 1.236 x 10*! -1.780 -1.983 x 10*
Rh(111) COx +* — COy* 5.483 x 104 5.000 x 10! 4.972 x 107
Rh(111) CO* - CO, + * 9.403 x 108 -2.094 -2.710 x 10°
Rh(111) CO+* — CO* 6.873 x 1074 5.000 x 10! 1.360 x 107
Rh(111) CO*—-CO+* 6.015 x 108 -1.381 -1.981 x 10*
Rh(111) 0% + * —» O* + O* 2.587 x 10" 3.890 x 10! -3.196 x 10*
Rh(111) O*+0* - O* + * 1.693 x 10" 2.839 x 107! -7.974 x 107
Rh(111)  COx* +* — CO* + O* 1.189 x 10" 1.892 x 107! -1.535 x 10*
Rh(111)  CO* + O* — CO* + * 1.587 x 10° 5.136 x 10! -6.536 x 10°

a)  Units are cm® s7! for adsorption reactions and s™ for other surface reactions.
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S8. Effect of the free translator vs. harmonic oscillator

approximation on the Kinetics of plasma-catalytic CO: splitting

As discussed in section 2.2.5. of the main paper, we use the harmonic oscillator approximation®® to
calculate the entropy of the surface species, as well as their change in enthalpy with temperature. The
harmonic oscillator approximation treats all degrees of freedom of the surface species as vibrational
modes, corresponding to an adsorbate that oscillates within a surface site. Naturally, this results in a
relatively low estimate of the adsorbate entropies. Another limiting case is the free translator
approximation in which the surface species are assumed to retain two translational degrees of freedom,
i.e. corresponding to an adsorbate that moves freely on the surface. Consequently, this approximation
results in a larger estimate of the adsorbate entropies, and thus more stable surface species (i.e., lower

Gibbs free energies) especially at high temperature.

To illustrate the effect of using the free translator approximation, we here discuss the results for plasma-
catalytic CO; splitting with an Ag catalyst at 1100 K, 5 mbar and a flow rate of 100 sccm, i.e., the same
conditions as used in Figure 6 of the main paper. To calculate the enthalpy correction and entropy using
the free translation approximation, the two vibrational modes with the lowest vibrational frequencies of
each surface species were replaced by translational modes. The contribution of the two translational
modes to the enthalpy correction and entropy were calculated as two-third of the total translational
contribution used in the ideal gas approximation®® (i.e., which accounts for three translational degrees
of freedom). Note that the contribution of the remaining vibrational modes to the enthalpy correction

and entropy were still included in the total enthalpy correction and entropy.

Figure S5 shows the calculated mole fractions of gas species (a), fractional surface coverages (b), O
atom loss rates (¢) and net surface rates (d) for a CO, plasma afterglow in contact with a catalytic Ag
surface, when the free translator approximation is used. For comparison, Figure 6 in the main paper
shows the results of the corresponding simulation when the harmonic oscillator approximation is used.
As can be seen in Figure S5 (a), the decline of the CO and O, mole fractions following the depletion of
the O atoms in the gas phase is much faster when the free translator approximation is used, compared to
the harmonic oscillator approximation (Figure 6 (a) in the main paper). Indeed, the free translator
approximation results in higher adsorbate entropies, and thus more stable surface species (i.e., lower
Gibbs free energies of formation), especially at high temperature. This makes desorption of the adsorbed
molecules more difficult and enhances the dissociation of adsorbates on the surface, as dissociation
results in a net gain of two translational degrees of freedom. Consequently, the thermal catalytic
oxidation of CO is enhanced, as its rate-determining step on Ag, namely O,* dissociation, becomes

easier.
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Figure §5. Mole fractions (a), fractional surface coverages (b), O atom loss rates (c), and net surface
rates (d) of a CO; plasma afterglow in contact with an Ag surface, when using the free translator
approximation to calculate the enthalpy corrections and entropies of the surface species. The dashed
line in (d) indicates a negative net rate, corresponding to the reverse reaction, i.e., dissociation of O>*.

Conditions: T = 1100 K, p = 5 mbar and flow rate = 100 sccm.

The effect of the more difficult desorption and easier dissociation on the surface can also be observed in
the surface coverages in Figure S5 (b). Indeed, the surface coverages increase upon switching from the
harmonic oscillator to the free translator approximation (Figures 6 (b) in the main paper and Figure S5
(b), respectively). Especially the coverage of O* rises strongly and O* even covers most of the surface

before depletion of the O atoms in the gas phase.

While the use of the free translator approximation significantly affects the surface kinetics, the flux and

net consumption of O atoms on the surface remain largely the same compared to the harmonic oscillator
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approximation (Figure S5 (c) and Figure 6 (c), respectively). In both cases most O atom recombination
occurs almost exclusively via surface reactions and the loss of O atoms at the surface is limited by

diffusion to the surface.

Figure S5 (d) illustrates the net reaction rates for loss of O atoms on the Ag surface. Note that in line
with Figure 6 (d) (main paper), the dashed (blue) line of O*+O* recombination indicates a negative net
rate, and thus corresponds to the reverse reaction, i.e., dissociation of O»*. Interestingly, due to the more
facile dissociation of O,* with the free translator approximation, it becomes easier for O,, which is
formed at the surface, to re-adsorb and dissociate into O* than for O atoms to diffuse to the surface and
adsorb. Instead, the O atoms that reach the surface will now react with O* via an L-R reaction to form
0., of which a fraction adsorbs and dissociates again to form adsorbed O*. This arises from the diffusion
limitation between the bulk gas and the surface, which limits the loss rate of O atoms to the surface.
Because O is formed at the surface, its adsorption rate is not limited by diffusion to the surface. Hence,
despite resulting in higher O* coverages, the free translator approximation reduces the net rate of O*
recombination via the L-H reaction, as this results in a larger entropy loss (i.e., corresponding to two
translational degrees of freedom) upon going from two adsorbates (O*+0O%*) to one (O.*). The rate of
the L-R reaction, however, is increased due to the higher O* coverages and L-R becomes the main
process for O atom recombination (Figure S5 (d)). However, the rate coefficient used for the L-R
reaction (Eq. (10) in the main paper) only includes an enthalpy barrier in the sticking coefficient, while
the pre-exponential factor (i.e., the Hertz-Knudsen equation) only accounts for the loss of one
translational degree of freedom of the impinging atom. Hence, any loss of entropy of the adsorbate

between the initial and transition state is not considered.

Finally, the rates of O.* dissociation and recombination between O* and CO* to form CO»* are initially
higher when the free translation approximation is used (Figure S5 (d)), compared to when the harmonic
oscillator approximation is used (Figure 6 (d) in the main paper), as is also evident from the evolution
of the O, and CO mole fractions in panel (a) of both figures. However, due to the faster decline of the
mole fractions of these gas species in Figure S5 (a), the rates of O,* dissociation and CO*+O*

recombination in Figure S5 (d) also drop rapidly, around 15 cm after the plasma.

To conclude, the use of the free translator approximation results in easier O,* dissociation, and thus
faster thermal-catalytic CO* oxidation to CO,*, which gives rise to a quick drop of the CO* and O,*

mole fractions after depletion of O atoms in the gas phase.
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