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Catalyst 2: Bcat@Mo2C (MXenes) Catalyst 3: Non-metal doped VX2 (X= S, Se, Te)Synopsis
Industrial ammonia production with the Bosch-Haber’s method is one

of the most energy expensive process that consumes nearly 6% of

global energy and releases over 500 million tonnes of CO2. Considering

the multitude and importance of ammonia in agriculture, chemicals and

industry; nitrogen fixation at ambient conditions is the need of the hour.

The first step to N2 reduction is the activation of N-N bond, which can

be triggered by electron transfer into the antibonding orbital of N2

molecule. Herein, 2D materials being electron-rich can be employed as

electron reservoirs and their inactive basal plane tapped by introducing

a metal or non-metal catalytic center. Our DFT driven investigations on

earth abundant metal/non-metal anchored 2D materials aim at tailoring

cost efficient ambient reduction of nitrogen to ammonia.

Electronic Insights & NRR catalysts

945 kJ/mol e-

Methodology 
Schemes:

1. anchor transition metal (TM) single atom

catalysts (SACs) or boron atom catalysts on 2D

materials,

2. synergistic enhancement of catalytic properties

by introducing non-metal dopants.

N2→NH3

❖ Density Functional Theory (DFT) calculations

▪ Non-periodic DFT: deMon2k - PBE functional with

electron implicit & explicit basis sets.

▪ Periodic DFT (+D3 correction): VASP - PBE

functional with PAW pseudopotentials.
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2D-materials

Catalyst 1: M-SAC@BN-doped graphene

Descriptor based classification 

of M-SACs@graphene

ΔGNRR ≤ 1.24 eV
V-BNring-grap
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NRR checklist:

✓N2 adsorption

✓N-N bond stretch and
red-shift

✓Charge transfer on
N2 from metal SACs

✓Dual and Multiphilic
descriptor

PAWs LCAOs

C42 armchair (C42ac)   C54 armchair (C54ac) 

C42 zigzag (C42zz)      C54 zigzag (C54zz) 

Periodic sheet

= Mo    = C    = B     =N

pris-gp BN-gp CBN-gp BNring-gp

N2 activation checklist:

✓N2 adsorption

✓N-N bond stretch and red-shift 

✓Charge transfer from metal-SACs to N2

eNRR checklist:

✓N2 adsorption

✓N-N bond elongation

✓Charge transfer on N2 from
boron centers

✓Bader charge analysis of Bcat

and NxHy intermediates

BSAC@Mo2C         BDAC@Mo2C     

BSAC@Mo2C-Movac BSAC@Mo2C-Xdef 

Boron catalyst anchored 1T-Mo2C models 

Electrocatalytic nitrogen reduction directed through the p-band center of boron on 
BSAC@Mo2C. Maibam, A.; Krishnamurty, S.; Dar, M. A. Mater. Adv., 2022,3, 592-598.

Doped 2D VX2 (X = S, Se, Te) monolayers as electrocatalysts for ammonia production: A DFT 
based study. Maibam, A.; Babarao, R.; Krishnamurty, S.; Applied Surface Science, 2022, 602, 154401.

Non-metal dopant driven eNRR:

✓N2 adsorption

✓N-N bond elongation

✓Thermodynamic feasibility of
NH3 formation

✓Electronic density analysis of
NxHy intermediates

✓NRR vs HER selectivity

1T-VX2 2H-VX2

VX2@Xvac         VX2@Ycat VX2@Xvac        VX2@Ycat

2H-VS2@B

2H-VS2@B,  ΔGNRR =  0.22 eV 
**Donor-acceptor mechanism 
in  B and NxHy intermediates**

❖ (𝜟𝑮𝑷𝒓𝒐𝒅𝒖𝒄𝒕- 𝜟𝑮𝑹𝒆𝒂𝒄𝒕𝒂𝒏𝒕)→ negative : thermodynamic product favourability  
❖ 𝜟𝑮∗𝑵𝑯𝟑

- 𝜟𝑮∗𝑵𝟐 < 0 ; feasible NH3 formation
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