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Abstract: Metal cyanamides/carbodiimides [M(NCN),], as oxygen/chalcogenide-like compounds, are a new class of
inorganic functional materials. The quasi-linear [NCN]> anion endows their open and porous crystal structure, unique
electronic structure and unique physicochemical properties. They have shown potential applications in many fields
including solid-state luminescence, photo/electrocatalysis, and electrochemical energy storage, becoming a research
hotspot in recent years. This review outlines the research history of metal cyanamides, introduces the crystal structures
and physicochemical properties, summarizes their synthetic methods and strategies, and discusses the applications for
electrochemical energy storage, focusing on the electrochemical performance and charge storage mechanism as
new-type negative electrode materials for lithium/sodium ion batteries.
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Fig. 1 Typical coordination geometries of metal cyanamides/carbodiimides
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Tablel Crystal structuresof partial metal cyanamides/carbodiimidesreported in theliterature and
their applicationsfor electrochemical energy storage®”’

Crystal system Space group

Compounds

Electrochemical energy storage

C2/m Na,NCN, K,NCN, Sm,(NCN);

P2,/c AgoNCN, HgNCN

Anode materials for lithium ion battery:
AgyNCN, SnNCN, MnNCN, CuNCN,

(SmO),NCN, (EuO),NCN, (TmO),NCN, (YbO),NCN Cry(NCN);, FeNCN, CoNCN, NiNCN,

PbNCN, Sn,ONCN, and ZnNCN

Anode materials for sodium ion battery:

FeNCN, CoNCN, NiNCN, MnNCN,
ZnNCN, and CuNCN
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Fig. 3 Electrochemical performance and charge storage mechanism of FeNCN and CoNCN

anode materials for lithium-ion batteries

[19,51]

(a) Rate capacity of FeNCN; (b) Comparison of specific capacity and Coulombic efficiency between FeNCN and FeO;
(c) Mossbauer spectra of FeNCN electrode at different charge and discharge potentials; (d) 1 and 2™ galvanostatic voltage profiles of CONCN
electrode at C/10 rate; (e) Rate capacity of CoNCN; (f) Co K-edge XANES spectra of CONCN electrode at different charge and discharge potentials;
(g) Schematic illustration of the proposed charge storage mechanism of CoNCN; Colourful figures are available on website
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Fig. 4 Electrochemical performance and charge storage mechanism of Cr,(NCN); anode material for lithium-ion battery
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[53]

(a) 1%, 2" and 3™ galvanostatic voltage profiles at C/10 rate; (b) Rate capacity; (c) Operando XRD patterns at C/5 rate; (d) Evolution of the
corresponding cell parameters and volume; (e) XANES spectra at different charge and discharge potentials; (f) Fit curves of the EXAFS spectra at
1.5 and 3 V charged states in k- and R-space; (g) Phase diagram for Cr-Li,NCN-Cr,(NCN); ternaries; (h) Formation energies of the calculated
intermediate compounds; (i) Calculated voltage profile of Cr,(NCN); upon lithiation

(1 A=0.1 nm) Colourful figures are available on website
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Colourful figures are available on website
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