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Figure S1: Raman spectra of ion-exchanged HAP catalysts.
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Table S1: Miscellaneous reactions with alcohols, aldehydes, and amines

Reaction 
Conditions Reactant Catalyst Conversion (%) Selectivity (%)

[a]
HO

Ni/HAP 0 -

[b] O Ni/HAP 100  > 99NH2

[c]
O

+
NH2

- 100  > 99N

[d]
O

+
NH3

- 0 -

[e]
OH

+
NH3

12%Ni/MgO 3.5  = 89NH2

[a] Pt-BuOH = 0.5 kPa; PNH3 = 5 kPa; PH2 = 95 kPa.
[b] Ppropanal = 0.06 kPa; PNH3 = 5 kPa; PH2 = 95 kPa; PEtOH = 1.5 kPa to simulate alcohol coverage under 
amination conditions
[c] Ppropanal = 0.6 kPa; Ppropylamine = 0.6 kPa.
[d] Ppropanal = 0.6 kPa; PNH3 = 5 kPa.
For all above reactions: T = 423 K; masscatalyst = 0 or 0.02 g; total gas flow rate at STP = 30 mL min-1

[e] T = 423 K; catalyst mass = 0.005 g; PPropanol = 1 kPa; PNH3 = 5 kPa; PH2 = 95 kPa; total gas flow rate at 
STP = 30 mL min-1
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Table S2: KIE experiments with deuterated ethanol

 

Scheme S1: Gas phase enthalpies and free energies of reaction for propanol amination 
based on DFT calculations. Values in red represent the thermodynamics of propanol 
amination to dipropylamine while values in blue represent the thermodynamics of 
propanol amination to propylamine.
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Figure S2: Effect of NH3 partial pressure on propanol amination rate and selectivity of 
propylamine vs. dipropylamine. Reaction conditions: T = 423 K; masscatalyst = 0.01 g; 
PPropanol = 1.4 kPa; PNH3 = 5 kPa; total gas flow rate at STP = 30 mL min-1. 
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Figure S3: Effect of various titrants on propanol amination. Reaction conditions: T = 
423 K; masscatalyst = 0.01 g; PPropanol = 1.4 kPa; PNH3 = 5 kPa; total gas flow rate at STP 
= 30 mL min-1. Titrant partial pressures: Ptriethylamine = 0.1 kPa; Pdiethylamine = 0.1 kPa; PH2O 
= 0.7 kPa; Pbutanal = 0.1 kPa
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Figure S4: Effect of propanol partial pressure on amination rate over Ni/HAP-16.5 at 
various temperatures. Reaction conditions: Ni/HAP-16.5 = 0.02 g; PNH3 = 5 kPa; PH2 = 
95 kPa; total gas flow rate at STP = 60 mL min-1. 
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Figure S5: Effect of propanol partial pressure on amination rate over Ni/SiO2-12.5 at 
various temperatures. Reaction conditions: Ni/SiO2 = 0.02 g; PNH3 = 5 kPa; PH2 = 95 
kPa; total gas flow rate at STP = 60 mL min-1. 
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Figure S6: a) SEM micrograph of Ni/HAP and the corresponding EDXS maps for b) 
calcium, c) phosphorus, and d) nickel
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Figure S7: Selectivity of propylamine as a function of the number of perimeter Ni sites. 
Conversion over Ni/HAP is ~10% and conversion over Ni/SiO2 is ~3.5%.
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Scheme S2: Pathways for propylimine conversion to propylamine and dipropylamine 
via hydrogenation and disproportion pathways, respectively.
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Table S3: Ni-catalyzed amination of aliphatic alcohols

[a] Reaction performed in liquid phase in absence of H2
[b] Turnover frequencies (TOF) defined as rates per surface Ni atom
[c] Turnover frequencies (TOF) defined as rates per perimeter Ni atom
[d] Estimated based on reported particle size
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