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Figure S1. Raman spectrum of NiMoP-TEG solution.
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Figure S2. XPS Mo3d spectra of the catalysts in oxide form: (a) NiMoP/Al203, (b) NiMoP-
EG/AL203, (c) NiMoP-DEG/AL203 and (d) NiMoP-TEG/AL2Os.
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Figure S3. XPS Ni2p spectra of the catalysts in oxide form: (a) NiMoP/Al203, (b) NiMoP-
EG/AL203, (c) NiMoP-DEG/AL203 and (d) NiMoP-TEG/ALOs.
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Figure S4. XPS Mo3d and S2s spectra of the catalysts in sulfide state: (a) NiMoP/Al203, (b)
NiMoP-EG/AL20s3, (¢) NiMoP-DEG/A1203 and (d) NiMoP-TEG/AIL20:s.

Table S1. Molybdenum and nickel surface species of phosphate-doped NiMo/Al20O3 sulfide

catalysts, as determined by XPS analysis.

Catalyst Ni percentage, % Mo percentage, %
NiSy  NiMoS  Ni*' Mo* Mo  Mo®
NiMoP/Al,03 8.8 56.3 34.8 75.8 14.9 9.3

NiMOP-EG/A1203
NiMoP-DEG/AI,O;
NiMoP-TEG/ALOs

17.1 56.6 26.4
12.8 583 28.9
13.9 57.1 29.0

74.1 14.3 11.6
76.4 13.8 9.8
76.8 14.0 9.2
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Figure S5. XRD patterns of the NiMoP-DEG/AL2Os sulfide catalyst.
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Figure S6. Catalytic properties of NiMo(P)/Al203 catalysts in hydrodesulfurization of SRGO: (a)
330 °C and (b) 340 °C.
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Figure S7. Catalytic properties of NiMo(P)/Al20O3 catalysts in hydrodenitrogenation of SRGO: (a)
330 °C and (b) 340 °C.
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Figure S8. XPS Ni2p spectra of the catalysts in sulfide state: (a) NiMoP/Al203, (b) NiMoP-
EG/AL03, (c) NiMoP-DEG/AL203 and (d) NiMoP-TEG/ALO:s.

5,6x1 0" 853.8-NiMoS Ni2p
852.8-NiS
—_ 856.4-Ni"’
7
Q 4
O 5,4x10 -
=
=
n
c
9
£
5,2x10" 4

h j

860 870 880
Binding energy (eV)

Figure S9. Deconvolution of XPS Ni2p spectrum of the NiMoP-DEG/AI20s3 sulfide catalyst.



