Catalysts 2017, 7, 233; d0i:10.3390/catal7080233 S1 of S5

Supplementary Materials: Selective Alkylation of
Benzene with Propane over Bifunctional Pd-Acid
Catalysts

Abdullah Alotaibi, Sophie Hodgkiss, Elena F. Kozhevnikova and Ivan V. Kozhevnikov

Transmittance (%)

i
W\
20 i ,
o 1 fl y
1 ® ¥
10 l| l’ 3
3 o l\ l’ \ % /'
& b v N~/
0 3 \ § Y
1200 1100 1000 900 800 700 600

Wavenumbers (cm-)

Figure S1. FTIR spectra of bulk HSiW (dashed line), fresh 2%Pd/25%HSiW/SiO: (solid black line), and
spent 2%Pd/25%HSiW/SiO: (red line).
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Figure S2. Nitrogen adsorption (x) and desorption (O) isotherms for 2%Pd/HZSM-5.
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Figure S3. Nitrogen adsorption (x) and desorption (O) isotherms for 2%Pd/25%HSiW/SiOx.
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Figure S4. BJH desorption pore size distribution for 2%Pd/HZSM-5.
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Figure S5. BJH desorption pore size distribution for 2%Pd/25%HSiW/SiO-.
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Figure S6. XRD of carbon-supported metal catalysts: 6.0%Pd/9.9%Au/C (blue), 10%Au/C (green), and

7.1%Pd (beige).
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Figure S7. XRD patterns for zeolite catalysts: (a) HZSM-5 and (b) 2%Pd/HZSM-5 (Si/Al = 10).
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Figure S8. XRD patterns (CuKa radiation) for bulk HSiW (black line), 25%HSiW/SiO: (red line), and

2.0%Pd/25%HSiW/SiOz (blue line).
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Table S1. Alkylation of benzene with propane over AuPd-HZSM-5 and AuPd-HSiW catalysts.
Catalyst Conv.!  Aromatic selectivity (%)¢
) MePh EtPh  iPrPh nPrPh Co:
1) 0.5%Au/HZSM-5 0.5 0 354 129 237 28.0
2) 5.0%Au/C+HZSM-5 (2.0%Au)/ 0.4 0 30.0 183 365 15.2
3) PdAu/C+HZSM-5 (1.2%Pd, 2.0%Au)? 8.8 34.2 233 106 184 13.5
4) Pd/C+HZSM-5 (1.4%Pd)¢ 9.2 34.9 21.8 120 19.2 12.2
5) 10%Au/C+HSiW/SiO:2 (2.0%Au)! 0.4 0 22,6 180 284 31.0
6) AuPd/C+HSiW/SiO2(1.2%Pd, 2.0%Au)? 3.8 2.9 1.6 723 5.7 16.7
7) Pd/C+HSiW/SiO2 (1.4%Pd)? 3.7 0 2.0 742 6.7 17.1
8) AuPd/C+HSiW/Si02(1.2%Pd, 2.0%Au) 5.8 6.5 2.7 709 143 5.6
9) Pd/C+HSiW/SiO:2 (1.4%Pd): 52 44 3.1 70.6 159 6.0

* Reaction conditions: 300 °C, 1 bar pressure, 0.20 g catalyst, inlet molar ratio CsHs/CsHs= 1:9, 10 mL

min™ flow rate, W/F = 80 g h mol; in situ catalyst pre-treatment at 300 °C/1 h in Hz flow, 10 mL min-

1. ’Benzene conversion at 3 h time on stream. ¢Selectivity to aromatic products including unidentified
Co+ alkylbenzenes at 3 h time on stream. ¢ Uniform physical mixture of 7.1%Pt/C or 9.9%Au/6.0%Pd/C
with HZSM-5 or 25%HSiW/SiOz. ¢ Two catalyst beds: 7.1%Pd/C or 9.9%Au/6.0%Pd/C (0.04 g, top bed)

and 25%HSiW/SiOz (0.16 g, bottom bed).



