
Optimized geometry of key Intermediates

a) Mn(III) dinitrogen complex b) Mn(IV) diazenido complex c) Mn(IV) diazene complex d) Mn(IV)
hydrazido complex e) Mn(V) -nitrido complex f) Mn(IV) imido complex g) Mn(IV) amido complex h)
Mn(III) amido complex

Reduction and protonation of the Mn(III) -amido complex

 For this reaction, a reaction enthalpy of -25.8 kcal/mol and reaction free enthalpy of -36.7 kcal/mol
(m06l) were predicted, indicating this reaction is thermally favorable.

 The last step of Schrock cycle always involves with a N2/NH3 exchange. Chirk cycle recovered the
nude complex followed by a re-coordination of next dinitrogen molecule, which can be further
analyzed by molecular dynamic simulation.

Conclusion

• Proton coupled electron transfer(PCET) mechanism provides strong reduction driving force of more
than 4eV.

• Issues like overpotential, atom efficiency and high reaction energy barrier remains.
• Further studies about the competing Hydrogen atom transfer(HAT) can be done to give a more

complete picture of the reaction mechanism.
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Introduction

Manganese(V) nitride complex can be reduced to form NH3.1 This study investigates the possible
mechanisms by which this complex may catalyze the full reduction of N2 to NH3 at ambient conditions
(room temperature, 1 atm).
Proton-coupled electron transfer (PCET), single electron transfer (SET), proton transfer (PT), or some
combination were investigated by density functional theory (DFT).

Motivation for applying DFT calculations2

DFT calculation provides insight into Blackbox-type reduction mechanisms.
During the reduction of nitrogen to ammonia, multiple possible reaction routes are present.
Majority of intermediates are not isolatable or not stable to analyze physically.

Potential reaction pathways on the reduction3

Proton Coupled Electron Transfer application in the catalytic cycle

a) Dual catalytic cycle of ammonia formation in PCET fashion

 PCET bypass unstable intermediates like manganese diazenido cation to achieve a smooth
concerted protonation-reduction steps with extra driving force from light.

 Single electron transfer(SET) strategy was also applied in the cycle.
 Atom efficiency and chemical overpotential problems need to be considered.

Formation of the active coordinated dinitrogen Mn complex

 The first coordination of the dinitrogen molecule to the nude Manganese complex is unfavorable
and endothermic with the reaction enthalpy of 16.4 kcal/mol and reaction free enthalpy of 27.3
kcal/mol (M06-L). 4

 There is no direct experimental report of the thermodynamic data of this coordination, which can
be resulted from flat geometry increases the chance of the dinitrogen molecule diffusing out of the
cage. But overall, this coordination is thermally allowed.

Reduction and protonation of the Mn(IV) - diazenido complex

 For protonation, a reaction enthalpy of -7.5 kcal/mol and free enthalpy of -6.3 kcal/mol (m06l) are
predicted, which are -5.2 and -6.8 kcal/mol respectively for reduction.

 Both reactions are thermal allowed.
 Terminal nitrogen atom has a natural charge of -0.516 a.u. while the inner nitrogen has a natural

charge of -0.295 a.u.
 Next protonation-reduction may occur at both nitrogen sites.

Theoretical study of photosensitive manganese(V) nitride complex using PCET mechanism 

(saltBu)Mn(V) catalyst in research 

a b

c d

e f

g h

𝑀𝑛 −𝑁𝐻2 + 𝑁𝑀𝑒3𝐻
+ + 𝑅𝑢𝐼

𝑃𝐶𝐸𝑇
⎯⎯ 𝑀𝑛 + 𝑁𝐻3 + 𝑁𝑀𝑒3 + 𝑅𝑢𝐼𝐼

Zihan Pengmei

Lu Group


