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Figure 1 Shapes of d orbitals of transition metal elements and the orbital distribution of different crystal fields and spin-state complex. (a) Shape of d
orbitals; (b) splitting of d orbitals in the tetrahedral and octahedral crystal field; (c) orbital distribution of high-spin and low-spin state in octahedral

crystal field (color online).
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Figure 2 A schematic diagram for the removal of environmental contaminants (i.e., heavy metals, metalloids, radionuclides, organic contaminants,
and emerging contaminants) by adsorption, precipitation, redox and catalysis on Fe/Mn-based nanomaterials (color online).
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Figure 4 Schematic diagram of oxidative degradation mechanism of organic contaminates by Fe/Mn-based nanomaterials. (a) Direct electron
transfer from contaminants to nanomaterials; (b) contaminant oxidation by non-radical oxidation pathway in a PS/nanomaterials system;
(c) contaminant oxidation by reactive oxygen radicals (ROS) originated from Fenton reaction and persulfate (PS) activation reaction (color online).
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Figure S Schematic diagram of reductive degradation mechanism of organic contaminates by Fe/Mn-based nanomaterials. (a) Direct electron
transfer from nanomaterials to contaminants; (b) contaminant reduction by reductive free radicals through the activation of reducing agents (color

online).
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Table 1 Engineering cases of contaminated site remediations by Fe/Mn-based nanomaterials during 2017-2022
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Figure 7 Strategies for enhancing the remediation efficiency of Fe/Mn-based nanomaterials. (a) Hetero-atom doping; (b) surface/interface

modification; (c) construction of composites (color online).
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Abstract: In recent years, soil-groundwater system has been severly polluted by inorganic and organic contaminants,
while the remediation processes remain challenging and inefficient. Iron/manganese (Fe/Mn)-based nanomaterials are
environmentally friendly with high reactivity and tunable physicochemical properties, and thus have attracted increasing
attention as an ideal type of agent for soil-groundwater remediation. In-depth understanding of the interfacial
mechanism and structure-property relationship that govern the nanomaterial-contaminant reactions will help enable
efficient in situ remediation of soil-groundwater contamination with minimal ecological cost and carbon footprint. This
paper reviews the types and properties of the Fe/Mn-based nanomaterials, and the possible reaction mechanisms,
including adsorption, precipitation, oxidation, reduction, and catalysis, between the Fe/Mn-based nanomaterials and
environmental contaminants. Moreover, according to the current application status and bottlenecks of Fe/Mn-based
nanomaterials in contaminated sites, the optimized strategies (e.g., hetero-atom doping, surface/interface modification,
facet engineering, defect engineering, and construction of composites) to improve the functionality of the Fe/Mn-based
nanomaterials are also summarized. In the end, key research directions are pointed out to further the research in this
field, such as site implementation and green synthesis of the Fe/Mn-based nanomaterials, and strategies for enhancing
the mobility and selectivity of nanomaterials for in situ application in complex environment.
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