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Integrated Selective Nitrite Reduction to Ammonia with 

Tetrahydroisoquinolines Semi-dehydrogenation over a Vacancy-

Rich Ni Bifunctional Electrode

Changhong Wang,#a Wei Zhou,#b Zhaojun Sun,b Yuting Wang,b Bin Zhanga,b, and Yifu Yu*a    

The development of efficient electrocatalysts for nitrite reduction 

to ammonia, especially integrated with a value-added anodic 

reaction, is important. Herein, Ni nanosheet arrays with Ni 

vacancies (Ni-NSA-VNi) were demonstrated to exhibit outstanding 

electrocatalytic performances toward selective nitrite reduction to 

ammonia (Faradaic efficiency: 88.9%; Selectivity: 77.2%) and semi-

dehydrogenation of tetrahydroisoquinolines (Faradaic efficiency: 

95.5%; Selectivity: 98.0%). The origin and quantitative analysis of 

ammonia were performed by 15N isotope labeling and 1H NMR 

experiments. The decrease in electronic cloud density induced by 

the Ni vacancies was found to improve the NO2
- adsorption and 

NH3 desorption, leading to high nitrite-to-ammonia performance. 

In situ Raman results revealed the formation of NiII/NiIII active 

species for anodic semi-dehydrogenation of 

tetrahydroisoquinolines on Ni-NSA-VNi. Importantly, a Ni-NSA-VNi 

|| Ni-NSA-VNi bifunctional two-electrode electrolyzer was 

constructed to simultaneously produce ammonia and 

dihydroisoquinoline with robust stability and high selectivity.

Nitrite (NO2
–), as one of the most common contaminants in 

groundwater, can cause serious health problems.1-4 Electro-

catalytic reduction has emerged as a promising strategy to 

remove nitrite.5-8 Simultaneously, ammonia/ammonium has 

been widely used in agriculture and industry.9-11 Interestingly, 

nitrite is difficult to be recycled, while ammonia can be easily 

reclaimed from its aqueous solution.12, 13 Thus, adopting nitrite 

as the nitrogen source and water as the hydrogen source to 

produce ammonia is promising for the artificial nitrogen cycle. 

Recently, a series of metal complexes as homogeneous 

electro-catalysts exhibited high activity for selective nitrite 

reduction to ammonia.14-16 Considering the separation 

difficulties of homogeneous electrocatalyst, a heterogeneous 

electrocatalyst for selective nitrite reduction to ammonia is 

urgently needed.

The counter reaction to nitrite reduction is the kinetically 

sluggish oxygen evolution reaction (OER), which requires large 

overpotential, and its product O2 does not bear a high price 

tag.17 An alternative strategy is to develop a 

thermodynamically favorable anodic reaction to produce 

value-added fine chemicals.18 Dihydroisoquinolines (DHIQs), as 

an important intermediate in the pharmaceutical industry, 

display a wide range of bioactivities on ���<�����+ ���<%����+ 

vasodilation and nonoamine oxidase inhibition.19 DHIQs can be 

prepared through the dehydrogenation of 

tetrahydroisoquinolines (THIQs). The challenge of this reaction 

lies in the controlled semi-dehydrogenation of THIQs to avoid 

undesirable over-dehydrogenation.20-22 Recently, our group 

reported that Ni2P could electrocatalyze semi-

dehydrogenation of THIQs into DHIQs and the in situ formed 

NiII/NiIII redox served as the active species.23 But, expensive 

phosphorus source or/and dangerous gaseous PH3 byproducts 

are the big concerns for the synthesis of Ni2P 

nanostructures.23-25 Pure Ni is one of the cheap Ni-based 

materials, but its electrocatalytic performance is low. 

Interestingly, introducing anion or cation vacancies into 

materials could regulate their electronic structures to improve 

electrocatalytic performances.26-33 However, Ni nanostructures 

with Ni vacancies are rarely touched due to the wet-chemical 

synthetic difficulty. Therefore, the development of a facile 

method to synthesize nickel with rich Ni vacancies as a 

bifunctional electrocatalyst for integrating semi-

dehydrogenation of THIQs with selective nitrite 

electroreduction to ammonia is significant but still remains a 

great challenge.

Here, Ni nanosheet arrays with Ni vacancies, denoted as 

Ni-NSA-VNi, were prepared through plasma-assisted synthesis 

and exhibited high performance for selective nitrite 

electroreduction and semi-dehydrogenation of THIQs. The 

experimental and density functional theory (DFT) calculation 

results revealed that Ni vacancies promoted the conversion 

from nitrite to ammonia. In situ Raman spectra confirmed the 

formation of NiII/NiIII active species for semi-dehydrogenation 
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Ni nanosheet arrays with Ni vacancies exhibited outstanding electrocatalytic performances 
toward selective nitrite reduction to ammonia and semi-dehydrogenation of 
tetrahydroisoquinolines.
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