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Calculation methods:

  (S1)
𝑥𝑎 =

𝑃𝑎𝑡𝑚𝑉𝐻2
𝑅𝑇

𝑛𝐹𝐴

Where xa is conversion, Patm is the atmospheric pressure (101325 Pa), VH2 is the generated volume 
of H2, R is the universal gas constant (8.3145 m3·Pa·mol-1·K-1), T is room temperature (278 K), 
and nFA is the mole number of FA.


  (S2)
𝑇𝑂𝐹𝑖𝑛𝑖𝑡𝑖𝑎𝑙 =

𝑃𝑎𝑡𝑚𝑉𝐻2
𝑅𝑇

 𝑛𝐴𝑔 + 𝑃𝑑 𝑡

Where TOFinitial is initial turnover frequency when xa reaches 20%, nAg+Pd is the mole number of 
the Ag and Pd, and t is the reaction time when xa reaches 20%.
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Fig. S1. Gas generation by decomposition of FA/SF vs time catalyzed by Ag10Pd90/0.2CND/SBA-

15 at 323 K with and without NaOH trap (catalyst= 100 mg, nFA =3 mmol, nSF =1 mmol).

Fig. S2. GC spectrum using TCD for a) commercial mixture gas of H2 and CO2, and b) evolved 

gas from FA/FS aqueous solution (nFA =3 mmol, nSF = 1 mmol) over Ag10Pd90/0.2CND/SBA-15 

at 323 K.



Fig. S3. GC spectrum using FID-Methanator for the a) commercial pure CO, and b) evolved gas 

from FA/FS aqueous solution (nFA =3 mmol, nSF = 1 mmol) over Ag10Pd90/0.2CND/SBA-15 at 

323 K.
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Fig. S4. Stability test on the Ag10Pd90/0.2CND/SBA-15 catalyst in the dehydrogenation of FA/SF 

at 323 K (catalyst= 100 mg, nFA =3 mmol, nSF =1 mmol).



Fig. S5 TEM image of Ag10Pd90/0.2CND/SBA-15 after four runs
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Fig. S6. Ag10Pd90 nanoparticle size distribution of Ag10Pd90/0.2CND/SBA-15, Mean size = 

4.5±0.5 nm.
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Fig.S7. The corresponding elemental mapping for Si, O, C, N, Ag and Pd elements and HAADF-

STEM image of Ag10Pd90/0.2CND/SBA-15.
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Fig.S8. Wide-angle XRD patterns for (a) Ag/0.2CND/SBA-15, (b) Ag10Pd90/0.2CND/SBA-15, (c) 

Ag20Pd80/0.2CND/SBA-15, (d) Ag30Pd70/0.2CND/SBA-15 and (e)Pd/0.2CND/SBA-15.



Table S1. ICP-AES results and specific surface area of AgPd/mCND/SBA-15 catalysts

Catalyst Ag
(wt%)

Pd
(wt%)

Ag-Pd initial 
composition

Ag-Pd final 
composition

Final 
Metals/Catalyst
(mmol/100 mg)

SBET(m2 g-1)

Ag10Pd90/0.2C
ND/SBA-15

0.93 9.26 10:90 9:91 0.096 548

Ag20Pd80/0.2C
ND/SBA-15

1.95 8.16 20:80 19:81 0.095 543

Ag30Pd70/0.2C
ND/SBA-15

3.25 6.78 30:70 32:68 0.094 541

Ag10Pd90/SBA-
15

1.09 8.68 10:90 11:89 0.092 565

Ag10Pd90/0.1C
ND/SBA-15

0.81 9.17 10:90 8:92 0.094 555

Ag10Pd90/0.3C
ND/SBA-15

1.21 8.68 10:90 12:88 0.093 542

Ag10Pd90/0.4C
ND/SBA-15

1.14 9.06 10:90 11:89 0.096 535

Table. S2 Comparison of AgPd/mCND/SBA-15 catalyzed decomposition of FA/SF solution (nFA 
=3 mmol, nSF = 1 mmol)

Catalyst T/ K Conversion/ % TOFinitial/ h-1 H2/CO2 ratio 

Ag10Pd90/0.2CND/SBA-15 323 100 893 1:1

Ag20Pd80/0.2CND/SBA-15 323 96.0 609 1:1

Ag30Pd70/0.2CND/SBA-15 323 92.0 478 1:1

Ag10Pd90/SBA-15 323 92.0 304 1:1

Ag10Pd90/0.1CND/SBA-15 323 96.0 638 1:1

Ag10Pd90/0.3CND/SBA-15 323 96.0 558 1:1

Ag10Pd90/0.4CND/SBA-15 323 92.0 343 1:1

TOFinitial is calculated when xa reaches 20%.


