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Supporting information

1. Catalyst Characterization  

1.1 XPS survey spectra of fresh and spent Ag-Pd/CeO2

Figure S-1: Survey spectra of fresh and spent Ag-Pd/Ceria with elemental 
composition on the catalyst surface
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1.2 TEM imaging

a b

Figure S-2: TEM image of freshly reduced Ag-Pd/ Ceria catalyst at a resolution of 50 nm (a), spent 
Ag-Pd/Ceria from plasma + catalysts reaction at a resolution 20nm (b)



The high-resolution TEM images of the bimetallic catalyst can be seen in Figure S-2. The particle size 

distribution was calculated by measuring the diameter of 100 particles randomly selected form the image 

shown in Figure S-2a. The mean particle size was calculated to be 1.8 nm. As shown in Figure S-2a, the 

particle distribution is not uniform. The larger metal particles could be due to the aggregation of the metal 

particles. The typical nano-structure of ceria support is clearly visible in the image obtained at the resolution 

of 20 nm of the Ag-Pd/ Ceria catalyst (Figure S-2 b). 

2. Concentration profile of products 

2.1 Production rate in ml/min 

The concentration profile of C2 products, HCN, H2 and NH3 in the product gas mixture of all the three set 

of reactions can be seen in Figure S-3 and S-4. 

Figure S-3: Production rate of C2 products in ml/min (a) Ethylene, (b) Ethane, (c) Acetylene



As shown in Figure S-3a, the ethylene production rate is highest in case of plasma + Ag-Pd/CeO2 reaction 

stabilizing at around 0.08 % by volume. In case of plasma and plasma + CeO2, it is produced in very small 

amount. The production profile of ethane (Figure S-3b) follows similar pattern, stabilizing at around 

0.038% in case of plasma+ Ag-Pd/Ceria and absent in the other two reaction scenarios. 

Figure S-4: Production rate of N-containing products and hydrogen in ml/min (a)Ammonia, (b) HCN, (c) Hydrogen



The acetylene production rate is shown in Figure S-3c. In plasma and plasma + CeO2 reactions, acetylene 

is the major product stabilizing at around 0.35% by volume. In plasma + Ag-Pd/CeO2 reaction, the 

concentration of acetylene is minimum in the product gas mixture. This indicates that the metals Ag-Pd 

plays an important role in improving the selectivity of ethylene over acetylene and ethane in the product 

gas mixture. The production profile of ammonia, HCN, and hydrogen is shown in Figure S-4. About 200 

ppm of Ammonia is continuously produced in case of plasma + Ag-Pd/CeO2 reaction (Figure S-4a). 

The amount of ammonia produced in plasma + CeO2 was slightly higher than that of plasma + Ag-Pd/CeO2 

reaction. As shown in Figure S-4b, HCN is produced in equal amounts (~ 0.1%) in both plasma + CeO2 

and plasma reactions. It is reduced to around 0.04% in the plasma + Ag-Pd/CeO2 reaction. The 

concentration of hydrogen (Figure S-4c) decreases slightly from 1.6% in case of plasma to 1.5% in plasma 

+ CeO2 reaction and 1.2% in plasma + Ag-Pd/CeO2 reaction.

2.2 Absolute selectivity

Table S-1: Absolute selectivity of products

Reaction Acetylene Ethylene Ethane HCN Ammonia Hydrogen

Plasma 16.23 0.62 0 4.87 0 78.28

Plasma + CeO₂ 15.48 0.66 0 5.23 1.33 77.29

Plasma+ Ag/Pd-CeO₂ 2.51 5.23 2.19 2.88 1.33 85.85

Catalyst 2.96 1.17 15.69 7.58 0 72.61

3. Phase diagram



The phase diagram for the thermodynamic stability of the surface O* in the Ag-Pd system was built in order 

to calculate the Gibbs free energy ( ) of AgPd surface O* reduction ( ) as function of H2 ∆𝐺 𝐻2 + 𝑂 ∗ →𝐻2𝑂 +∗

partial pressure using DFT. The partial pressure of H2 is further represented by its chemical potential (

 in the phase diagram [1,2]. The reaction energy of surface O reduction over Ag-Pd catalyst and the ∆𝜇𝐻)

Gibbs free energy are calculated using Eqns. (S1)-(S2): 

∆𝐻𝑟𝑥𝑛 =  𝐸 ∗ + 𝐸𝐻2𝑂 ‒ 𝐸
𝑂 ∗ ‒ 𝐸𝐻2 (S1)

∆𝐺 = ∆𝐻𝑟𝑥𝑛 + ∆𝜇𝐻2𝑂 ‒ 2∆𝜇𝐻 (S2)

where  , ,  and  represent the Ag-Pd surface energy, the energy of O* adsorption over the 𝐸 ∗
𝐸

𝑂 ∗ 𝐸𝐻2𝑂 𝐸𝐻2

AgPd surface, the gas phase energies of  and , respectively. Hydrogen chemical potential  is 𝐻2𝑂 𝐻2 ∆𝜇𝐻

defined by , where  since  molecule was taken as hydrogen 
∆𝜇𝐻 = 𝜇𝐻 ‒
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reference at standard pressure conditions. Similarly, the chemical potential of water can be obtained by 

. Hydrogen chemical potential at certain temperature and pressure is defined by Eqns. 
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here  and  represent the partial pressure and the standard pressure of hydrogen, and  stands for 𝑝 𝑝0 𝑘𝐵

Boltzmann’s constant. The entropy (S) and enthalpy (H) values of hydrogen and water at atmospheric 

pressure and different temperatures can be read from thermochemical Tables [3]

The calculated Gibbs free energy of surface O* reduction over the Ag-Pd surface as a function of hydrogen 

chemical potential at 250 oC is shown in Figure S-5. Our phase diagram shows that under experimental 



reducing conditions (at 250 oC and experimental partial pressure of H2 (5.9 Pa), O* over Ag-Pd surface is 

thermodynamically favorable to be reduced since Gibbs free energy (-1.62 eV) is much smaller than 0 eV. 

This suggests that under the experimental reduction conditions, the Ag-Pd could be maintained metallic.

Figure S-5: First principle phase diagram of the thermodynamic equilibrium stabilities of O species over Ag-Pd(111) 
system as a function of hydrogen chemical potential at 523 K.

4. Computational Setup

DFT calculations with the generalized gradient approximations (GGA)[4,5] and the Perdew-Burke-

Ernzerhof (PBE) [4,6–9] exchange correlation functional were used to examine methane dehydrogenation 

into C1 or coupling into C2 hydrocarbon species over the Ag-Pd (111) surface. A four-layer p (  alloy 4 × 4)

surface was modeled with two bottom layers being fixed to their bulk positions and two top layers being 

relaxed to electronically interact with the adsorbates. The possible adsorption sites (Figure S-6) of the Ag-



Pd surface include top of Pd, top of Ag, bridge of Pd-Pd, bridge of Ag-Ag, bridge of Pd-Ag, fcc and hcp of 

Ag-Pd interface sites. 

Figure S-6: Top and side views of the catalytic Ag-Pd surface with different lattice constants. The possible adsorption sites 
over the Ag-Pd surface are marked in blue. The catalytic Ag-Pd surface has seven adsorption sites at which species can 

adsorb, including top of Pd, top of Ag, bridge of Pd-Pd, bridge of Ag-Ag, bridge of Pd-Ag, hcp, and fcc sites. The surface 
with lower lattice constant is determined to be the most stable configuration compared to the surface with larger lattice 

constant.

The energetics of the possible elementary reactions for hydrocarbon synthesis from methane over the Ag-

Pd surface were initially conducted without surface charge effects. Based on the energetics of the most 

favorable reaction pathways, we then polarized alloy surface with positive surface charges and optimized 

the adsorption/reaction during the hydrocarbon production process. The positive surface charges were 

ranging from  to  with  increment was employed. The possible adsorption configurations 𝛿0 𝛿 + 0.6 𝛿 + 0.1

(Figures S-7 to S-20) for all the species involved in hydrocarbon synthesis from methane over the catalytic 

Ag-Pd (111) surface were examined. The calculated adsorption energies and site preferences of all the 

intermediates are presented in Table S-2.



5. Adsorption of intermediates during acetylene, ethylene, and ethane synthesis from methane 

conversion

5.1 Hydrogen (H) and Carbon (C)

The preferred adsorption sites for H and C species are the hcp site, with an associated adsorption energies 

of -2.62 eV and -7.12 eV, respectively. H and C species are not stable on the top Pd, top of Ag and the 

bridge sites of both Ag-Ag and Pd-Pd surfaces. Furthermore, when adsorbed on these sites, they shift to the 

most stable fcc and hcp sites, respectively. 

Table S-2. Summary of the adsorption energies of hydrocarbon species over Ag-Pd (111)

Species Site preference Adsorption energy (eV) Ref.

H hcp -2.62 -2.67a

C hcp -7.12 -5.67b

CH hcp -5.30 -5.75b

CH2 Pd-Pd bridge -4.18 -3.78b

CH3 Pd-top -1.56 -1.67a

CH4 Ag-top -0.02 -
H2 hcp -0.02 -
C2 Ag-Ag bridge -4.70 -

C2H fcc -4.40 -4.4a

C2H2 hcp -1.07 -1.30a

C2H3 Pd-Pd bridge -2.53 -
C2H4 Pd-top -0.56 -0.72a

C2H5 Pd-top -1.36 -1.39a

C2H6 Ag-top -0.04 -0.05a

a From ref. 12. b From ref. 13.  The difference in the reported binding energies of C, CH and CH2 species 
is because ref. 12. and ref. 13. used PW91 functional for the exchange correlation potential and the alloy 

system was modeled using a 2x2 super cell surface.

5.2 Methylidyne (CH), methylene (CH2), methyl (CH3) and methane (CH4)



DFT calculations revealed that the most favorable site of methylidyne (CH) is the hcp site with an 

adsorption energy of -5.30 eV. Additionally, methylene (CH2) species interact strongly at the bridge site of 

Pd-Pd surface, and methyl (CH3) adsorbs at the top site of Pd with the corresponding adsorption energies 

of -4.18 eV and -1.56 eV, respectively. Methane (CH4) species binds preferably at the Ag top site with an 

associated adsorption energy of -0.02 eV.

When CH2 adsorbed at the top of Pd, top of Ag, bridge of Ag-Ag, bridge of Ag-Pd, fcc and hcp sites, they 

are not stable, and they shift to the most favorable bridge of Pd-Pd site with the binding energy of -4.18 eV. 

CH3 species at the top site of Pd bound strongly with the surface. However, CH4 intermediates have weaker 

interactions with the Ag-Pd surface, adsorbing at Pd top with an adsorption energy of 0.01 eV.

5.3 Ethyne (C2H2), ethylenyl (C2H3), ethene (C2H4), ethyl (C2H5) and ethane (C2H6)

The most favorable adsorption site of C2H2 is the hcp site of the Ag-Pd(111) surface with an adsorption 

energy of -1.07 eV. C2H3 and C2H4 preferably adsorbed at the bridge of Pd-Pd and the Pd-top sites with the 

corresponding binding energies of -2.53 eV and -0.56 eV, respectively. Moreover, C2H5 favorably adsorbed 

at the Pd-top site with an adsorption energy of -1.36 eV. C2H6 interacted weakly with the surface with an 

associated binding energy of -0.04 eV. The calculated adsorption energies for all the species are in 

agreement with literature studies  [5,10–16]. 

The dependence of surface positive charges on the reaction energies for all the intermediates involved in 

methane decomposition is shown in Figures S21, S22. The reaction energies of all the possible elementary 

reactions that took place during hydrocarbon synthesis from methane conversion were presented in Table 

S-3. Additionally, the reaction rate constants, collected from literature [17, 18], for the relevant elementary 

steps are listed in Table S-3. The energy diagram (Figure S-23) of methane dissociation into C1 or coupling 

into C2 hydrocarbon species over the Ag-Pd (111) surface were conducted with and without positive surface 

charge effects.



Table S-3. The reaction energies of elementary reactions with and without surface charge ( ) effects and the 𝛿

reaction rate constants (k)

𝛿0 𝛿 + 0.6 𝛿0Elementary Reactions

 (eV)∆𝐻𝑟𝑥𝑛  ( )𝑘 𝑠 ‒ 1

𝐶𝐻4 + 𝐶𝐻4→𝐶𝐻4 + 𝐶𝐻3 + 𝐻 0.56 0.55 a6.4 × 10 ‒ 5

𝐶𝐻4 + 𝐶𝐻3 + 𝐻→𝐶𝐻3 + 𝐶𝐻3 + 2𝐻 0.56 0.55  a6.4 × 10 ‒ 5

𝐶𝐻3 + 𝐶𝐻3 + 2𝐻→𝐶𝐻3 + 𝐶𝐻2 + 3𝐻 0.50 0.51  a3.9 × 109

𝐶𝐻3 + 𝐶𝐻2 + 3𝐻→𝐶𝐻2 + 𝐶𝐻2 + 4𝐻 0.50 0.51  a3.9 × 109

𝐶𝐻2 + 𝐶𝐻2 + 4𝐻→𝐶𝐻2 + 𝐶𝐻 + 5𝐻 0.31 0.34  a2.7 × 1011

𝐶𝐻2 + 𝐶𝐻 + 5𝐻→𝐶𝐻 + 𝐶𝐻 + 6𝐻 0.31 0.34  a2.7 × 1011

𝐶𝐻 + 𝐶𝐻 + 6𝐻→𝐶𝐻 + 𝐶 + 7𝐻 0.57 0.74  a4.6 × 105

𝐶𝐻 + 𝐶 + 7𝐻→𝐶 + 𝐶 + 8𝐻 0.57 0.74  a4.6 × 105

2𝐶 + 8𝐻→𝐶2 + 8𝐻 ‒ 0.38 ‒ 0.18 ‒

𝐶2 + 8𝐻→𝐶2𝐻 + 7𝐻 ‒ 1.2 ‒ 1.7 ‒

𝐶𝐻 + 𝐶 + 7𝐻→𝐶2𝐻 + 7𝐻 ‒ 1.0 ‒ 1.1 ‒

𝐶2𝐻 + 7𝐻→𝐶2𝐻2 + 6𝐻 ‒ 0.10 ‒ 0.27  b6.6 × 1012

𝐶𝐻 +  𝐶𝐻→𝐶2𝐻2 ‒ 0.55 ‒ 0.66 b1.8 × 1012 

𝐶2𝐻2 +  𝐻→𝐶2𝐻3 ‒ 0.82 ‒ 0.74  b1.7 × 1012

𝐶2𝐻3 +  𝐻→𝐶2𝐻4 ‒ 0.72 ‒ 0.81  b1.1 × 1013

𝐶2𝐻4 +  𝐻→𝐶2𝐻5  0.02  0.0  b9.8 × 1012

𝐶2𝐻5 +  𝐻→𝐶2𝐻6 ‒ 0.56 ‒ 0.42  b2.6 × 1011

𝐶𝐻2 +  𝐶𝐻→𝐶2𝐻3 ‒ 1.1 ‒ 1.1 ‒

𝐶𝐻2 +  𝐶𝐻2→𝐶2𝐻4 ‒ 1.5 ‒ 1.5  b2.4 × 1012

𝐶𝐻3 + 𝐶𝐻2→𝐶2𝐻5 ‒ 0.97 ‒ 1.0 ‒

𝐶𝐻3 + 𝐶𝐻3→𝐶2𝐻6 ‒ 1.0 ‒ 0.93  b3.7 × 1012

𝐶2 + 8𝐻→𝐶2 + 4𝐻2 2.8 2.4 ‒

𝐶2𝐻2 +  6𝐻→𝐶2𝐻2 + 3𝐻2 2.1 1.8 ‒

𝐶2𝐻4 +  4𝐻→𝐶2𝐻4 + 2𝐻2 1.4 1.2 ‒

𝐶2𝐻6 +  2𝐻→𝐶2𝐻6 + 𝐻2 0.69 0.60 ‒



 a From ref. 17. b From ref. 18.  The reaction rate constants for the first eight elementary reactions are 
collected from reference 17. The rate constants for the dehydrogenation reactions and C1-C2 coupling are 
calculated using data provided in reference 18.

Figure S-7. Top and side views of atomic adsorbate on all the possible adsorption sites and their corresponding 𝐻 ∗

binding energies. The adsorbate binds strongly at the catalytic surface Ag-Pd when  sits at the hcp.  species are not 𝐻 ∗ 𝐻 ∗

stable at the top of Pd, top of Ag, the bridge of Pd-Pd, the bridge of Ag-Ag and the bridge of Ag-Pd sites and they shift to 
the most stable configuration hcp. Here,  describes a vacant surface site and  stands for species  adsorbed on a ∗ 𝑀 ∗ 𝑀

surface site.

Figure S-8. Top and side views of atomic adsorbate  on all the possible adsorption sites and their corresponding 𝐶 ∗

binding energies. The adsorbate binds strongly at the catalytic Ag-Pd surface when  sits at the hcp.  species are not 𝐶 ∗ 𝐶 ∗

stable at the top of Pd, top of Ag, the bridge of Pd-Pd, the bridge of Ag-Ag and the bridge of Ag-Pd sites and they shift to 
the most stable geometry fcc and hcp, respectively.

∆𝐸 = 0.006 𝑒𝑉 ∆𝐸 = 0.23 𝑒𝑉 ∆𝐸 = 0.02 𝑒𝑉



Figure S-9. Top and side views of  intermediates on all the possible adsorption sites and their corresponding binding 𝐶𝐻 ∗

energies. The adsorbate binds strongly at the catalytic Ag-Pd surface when  sits at the hcp.  species are not stable 𝐶𝐻 ∗ 𝐶𝐻 ∗

at the top of Pd, top of Ag, the bridge of Pd-Pd, the bridge of Ag-Ag and the bridge of Ag-Pd sites and they shift to the 
most stable fcc and hcp sites, respectively.

Figure S-10. Top and side views of  species on the Pd-Pd bridge adsorption site and its corresponding binding 𝐶𝐻 ∗
2

energies.  species are not stable at the top of Pd, the top of Ag, fcc and hcp sites. When  species are adsorbed on 𝐶𝐻 ∗
2 𝐶𝐻 ∗

2

the top of Pd, top of Ag, fcc and hcp sites, they move to the Pd-Pd bridge which is the most stable configuration.

Figure S-11. Top and side views of  species on the Pd_top adsorption site and its corresponding adsorption energies. 𝐶𝐻 ∗
3

 species are not stable at the top of Ag, bridge of Pd-Pd, bridge of Ag-Ag, bridge of Ag-Pd, fcc and hcp sites. When 𝐶𝐻 ∗
3



 species are adsorbed at the top of Ag, bridge of Pd-Pd, bridge of Ag-Ag, bridge of Ag-Pd, fcc and hcp sites, they 𝐶𝐻 ∗
3

move to the top of Pd, which is the most preferrable configuration.

Figure S-12. Top and side views of  species on all the possible adsorption sites and the related binding energies. The 𝐶𝐻 ∗
4

adsorbate binds strongly at the catalytic Ag-Pd surface when  sits at the Ag_top.  species are not stable at the top 𝐶𝐻 ∗
4 𝐶𝐻 ∗

4

of Pd, bridge of Pd-Pd, bridge of Ag-Ag, bridge of Ag-Pd, fcc, and hcp sites.

Figure S-13. Top and side views of  species on all the possible adsorption sites and their corresponding binding 𝐶2𝐻 ∗
2

energies. The adsorbate binds strongly at the catalytic Ag-Pd surface when  sits at the hcp.  species are not 𝐶2𝐻 ∗
2 𝐶2𝐻 ∗

2

stable at the top of Ag, bridge of Pd-Pd, bridge of Ag-Ag, bridge of Ag-Pd, fcc and hcp sites. When  species are 𝐶2𝐻 ∗
2

adsorbed at those sites, they move to the hcp which is the most stable configuration.



Figure S-14. Top and side views of   species on all the possible adsorption sites and their corresponding binding 𝐶2𝐻 ∗
3

energies. The adsorbate binds strongly at the catalytic Ag-Pd surface when  sits at the Pd-Pd_bridge.  species 𝐶2𝐻 ∗
3 𝐶2𝐻 ∗

3

are not stable at the top Pd, top of Ag, bridge of Ag-Ag, bridge of Ag-Pd, and fcc sites. When  species are adsorbed 𝐶2𝐻 ∗
3

at those sites, they move to the Pd-Pd_bridge which is the most favorable configuration.

Figure S-15. Top and side views of  species on the Pd_top adsorption site and its corresponding binding energies. 𝐶2𝐻 ∗
4

 species are not stable at the top of Ag, bridge of Pd-Pd, bridge of Ag-Ag, bridge of Ag-Pd, fcc and hcp sites. When 𝐶2𝐻 ∗
4

 species are adsorbed at the top of Ag, bridge of Pd-Pd, bridge of Ag-Ag, bridge of Ag-Pd, fcc and hcp sites, they 𝐶2𝐻 ∗
4

move to the top of Pd which is the most stable configuration.

Figure S-16. Top and side views of  species on the Pd_top adsorption site and its corresponding binding energies. 𝐶2𝐻 ∗
5

 species are not stable at the top of Ag, bridge of Pd-Pd, bridge of Ag-Ag, bridge of Ag-Pd, fcc and hcp sites. When 𝐶2𝐻 ∗
5

 species are adsorbed at the top of Ag, bridge of Pd-Pd, bridge of Ag-Ag, bridge of Ag-Pd, fcc and hcp sites, they 𝐶2𝐻 ∗
5

move to the top of Pd which is the most stable configuration.



Figure S-17. Top and side views of  species on all the possible adsorption sites and their corresponding binding 𝐶2𝐻 ∗
6

energies. The adsorbate binds strongly at the catalytic Ag-Pd surface when  sits at the top of Ag.  species are 𝐶2𝐻 ∗
6 𝐶2𝐻 ∗

6

not stable at the fcc site. When  species are adsorbed at the fcc site, they move to the top of Ag, which is the most 𝐶2𝐻 ∗
6

stable configuration.

Figure S-18. The adsorption geometry of  over Ag-Pd surface. The stable configuration is only when  sits at the hcp 𝐻 ∗
2 𝐻 ∗

2

site.  species are not stable at the top of Ag, top of Pd, bridge of Pd-Pd, bridge of Ag-Ag, bridge of Ag-Pd and fcc sites.𝐻 ∗
2



Figure S-19. The adsorption geometry of  over Ag-Pd surface. The stable configuration is only when  sits at the fcc 𝐶 ∗
2 𝐶 ∗

2

site.  species are not stable at the top of Ag, top of Pd, bridge of Pd-Pd, bridge of Ag-Ag, bridge of Ag-Pd and hcp sites.𝐶 ∗
2

Figure S-20. The adsorption geometry of over Ag-Pd surface. The stable configuration is only when  sits at the 𝐶2𝐻 ∗ 𝐶2𝐻 ∗

fcc site.  species are not stable at the top of Ag, top of Pd, bridge of Pd-Pd, bridge of Ag-Ag, bridge of Ag-Pd and hcp 𝐶2𝐻 ∗

sites.

Figure S-21. The surface positive charge effects on the most stable co-adsorption configurations of a  and , b  𝐶 ∗ 𝐻 ∗ 𝐶𝐻 ∗

and , c  and , d  and , e  and  and f  and  species over the Ag-Pd(111) surface𝐻 ∗ 𝐶𝐻 ∗
2 𝐻 ∗ 𝐶𝐻 ∗ 𝐶𝐻 ∗ 𝐶2𝐻 ∗

2 𝐻 ∗ 𝐶𝐻 ∗
2 𝐶𝐻 ∗



Figure S-22. The positive surface charge effects on the most stable co-adsorption configurations of a  and , b 𝐶2𝐻 ∗
3 𝐻 ∗

  and , c  and , d  and , e  and   and f  and  species over the Ag-Pd(111) 𝐶2𝐻 ∗
4 𝐻 ∗ 𝐶2𝐻 ∗

5 𝐻 ∗ 𝐶𝐻 ∗
2 𝐶𝐻 ∗

2 𝐶𝐻 ∗
3 𝐶𝐻 ∗

2 𝐶𝐻 ∗
3 𝐶𝐻 ∗

3

surface.



Figure S-23: DFT calculations on revealing the role of positively charged surface for the C2H2, C2H4 and C2H6 formation 
from methane conversion. a) Energy diagram of methane decomposition into C1 or coupling into C2 hydrocarbon species 

over the Ag-Pd (111) surface without surface positive charge effects and b) under the positive surface charge of +0.6.

6. Carbon (C) and nitrogen (N) component balance

Reaction Cfeed (µmoles) Cproduct (µmoles) Nfeed (µmoles) Nproduct (µmoles)

Plasma 44.64 35.70 89.28 88.96

Plasma + CeO2
44.64 36.83 89.28 89.53

Plasma + Ag-Pd/CeO2
44.64 19.53 89.28 85.23

Carbon balance was calculated using the following equations: 

Cfeed (µmoles) = [ (CCH4, feed × Ffeed) / (22.4×100 × 1000)] × 10^6 S5

Ci,m (moles) = Ci (ml/min)/ (22.4 × 1000) S6

where, CCH4, feed is the methane feed concentration in volume %, and Ffeed is the inlet flow rate.

Ci and Ci,m are the concentration of C-containing product ‘i’ in ml/min and moles/min, respectively.

The products ‘i’ = C2H4, C2H6, C2H2, and HCN

The carbon content of the products was calculated using equation S7:

Cproducts (µmoles) = 2 × (CC2H2,m + CC2H4,m + CC2H6,m) + CHCN,m S7

Nitrogen balance was calculated using the following equations:

Nfeed (µmoles) = [ (CN2, feed × Ffeed) / (22.4×100 × 1000)] × 10^6 S8

Cj,m (moles) = Cj (ml/min)/ (22.4 × 1000) S9

where, CN2, feed is the nitrogen feed concentration in volume %, and Ffeed is the inlet flow rate.

Cj and Cj,m are the concentration of N-containing product ‘j’ in ml/min and moles/min, respectively.

The products ‘j’ = HCN, NH3, and unconverted N2.

The nitrogen content of the products was calculated using equation S10:

Nproducts (µmoles) = 2 × (CN2,m ) + CHCN,m + CNH3,m S10



All the gaseous products were assumed to be at standard temperature and pressure. The concentration in 
mole/µmoles were calculated for a duration of one minute. 

7. Experimental set-up
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