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ABSTRACT: The catalytic performance is determined by the electronic structure near the Fermi
level. This study presents an effective and simple screening descriptor, i.e., the one-dimensional
density of states (1D-DOS) fingerprint similarity, to identify potential catalysts for the sulfur reduction
reaction (SRR) in lithium−sulfur batteries. The Δ1D-DOS in relation to the benchmark W2CS2 was
calculated. This method effectively distinguishes and identifies 30 potential candidates for the SRR
from 420 types of MXenes. Further analysis of the Gibbs free energy profiles reveals that MXene
candidates exhibit promising thermodynamic properties for SRR, with the protocol achieving an
accuracy rate exceeding 93%. Based on the crystal orbital Hamilton population (COHP) and
differential charge analysis, it is confirmed that the Δ1D-DOS could effectively differentiate the
interaction between MXenes and lithium polysulfide (LiPS) intermediates. This study underscores the
importance of the electronic fingerprint in catalytic performance and thus may pave a new way for
future high-throughput material screening for energy storage applications.
KEYWORDS: MXene, sulfur reduction reaction, DFT, 1D-DOS, fingerprint similarity, high-throughput screening

■ INTRODUCTION
In recent years, a variety of intrinsic electronic descriptors have
been successfully used to predict the reaction barriers of
materials through first-principles calculations, high-throughput
screening, and machine learning.1−3 For example, by
calculating the integrated crystal orbital Hamilton population
(ICOHP), it has been found that an appropriate M-N bond
strength is crucial for nitrogen reduction reaction (NRR)
catalysts.4 The hybridization state of d-p orbitals between
single atom catalysts (SACs) and sulfides can serve as a reliable
descriptor for screening high-performance SACs for lithium−
sulfur batteries.5 In addition, the scaling relationship between
Δ(d-p) and the redox potential of S6

2−/S2− clearly shows the
important role played by the p-band position originating from
nonmetal anions in influencing interfacial electron transfer
dynamics in Li−S chemistry.6 By considering the p-band
center of MXene surface functional groups and the electro-
negativity of the subsurface metal, a scaling relationship
between ΔGmin and the descriptor was revealed.7 Huang et al.
used machine learning to reveal a strong correlation between
the decomposition barrier of Na2S and the number of
outermost electrons of the metal element.8 Based on the
valence electrons and electronegativity of MXene surface and
subsurface atoms, several potential MXene catalysts with good
C−N coupling performance were discovered.9

All the above-mentioned studies highlight the pivotal role of
electronic structure in catalytic reactions,10 indicating the
fingerprint effect of electronic structure.11,12 The zero-dimen-
sional (0D) d-band center, p-band center, and their derived
descriptors are merely a portion of the one-dimensional

density of state (1D-DOS) and reflect limited information
about the materials’ electronic fingerprint,5,13−15 as the
bandwidth, occupied states, and unoccupied states also
constitute an integral part of the electronic properties.16 The
1D-DOS can display the distribution of electrons in the entire
energy space, and similar electronic fingerprints often exhibit
similar physicochemical properties toward intermediates in
catalytic reactions.17 For example, RhAg alloy, because of its
electronic hybridization, has a similar DOS to pure Pd and thus
also possesses hydrogen storage properties.18,19 This method
has also been successfully used to screen bimetallic H2O2
catalysts, revealing four catalysts with comparable performance
to Pd, and an excellent, previously unreported Ni61Pt39 catalyst
for direct H2O2 synthesis.17 DOS fingerprints are a potent tool
in differentiating between metals, semiconductors, topological
insulators, piezoelectrics, and superconductors.11 Even if the
materials have different structures, they can still be grouped
into a cluster based on their DOS fingerprint similarity.12 DOS
can also be implemented to accurately predict catalytic
properties, such as adsorption energies.10,20,21

This screening process, which does not involve the
optimization of intermediate structures, is particularly suitable
for complex catalytic reactions with numerous transforming
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intermediates, such as the sulfur reduction reaction (SRR).22

Li−S batteries, with their extremely high theoretical capacity
density of 2567 Wh/kg, are one of the most promising next-
generation energy storage devices.7,23 However, the practical

application of these batteries is hampered by the shuttle effect
of lithium polysulfides (LiPS) and the slow kinetics of
multielectron sulfur reduction reactions.23,24 MXene, with its
tunable surface groups and compositions, offers strong

Figure 1. (a) Schematic representation of the calculation of the 1D-DOS fingerprint similarity (Δ1D-DOS). (b) High-throughput screening
protocol for the discovery of MXenes.
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chemical adsorption for polysulfides and rapid catalytic
kinetics, making it an attractive option for high-performance
Li−S batteries.25−27 However, because of the highly tunable
surface functional groups and inherent metal types of
MXene,28,29 its structural vector space tends toward infinity,
making it challenging to screen MXene suitable for SRR.

In this contribution, W2CS2, identified as a potential
cathodic catalyst for SRR,7 was used as a benchmark MXene.
Based on the similarity of 1D-DOS of the surface termination
and surface metal M, 420 types of MXenes were screened, and
30 ideal MXene catalysts for SRR were identified. By
comparing MXenes with large similarity in 1D-DOS, it has
been found that a similar 2D-DOS fingerprint leads to similar
adsorption effects on intermediates. The distribution of the
1D-DOS fingerprint at different energies significantly affects
the adsorption behavior of intermediates. For instance,
MXenes with small Δ1D-DOS show strong adsorption for
LiPS intermediates and vice versa. In our study, detailed Gibbs
free energy diagrams for the sulfur reduction reaction (SRR)
were meticulously calculated. It was found that 27 out of the
total identified catalysts could significantly enhance the
efficiency of Li−S batteries by promoting the transformation
of the LiPS intermediates. Impressively, an accuracy rate of up
to 93% was achieved through this refined screening process,
underscoring the robustness and effectiveness of our method.
A volcano plot was constructed, revealing that the best activity
is exhibited by M’2MC2O2, whereas the lowest activity is
shown by M2CO2, primarily due to the favorable trans-
formation of LiS by M’2MC2O2. For the SRR, a voltage of up
to 1.64 V can be provided by W2ZrC2O2. A relatively simple
high-throughput process using 1D-DOS fingerprint similarity
to bypass adsorption intermediates for screening MXene
suitable for SRR was proposed. This study underscores the
importance of the electronic fingerprint in catalytic perform-
ance.

■ COMPUTATIONAL METHOD

DFT Calculations
All DFT30 calculations were performed using the Vienna Ab
initio Simulation Package (VASP)31 within the project
augmented wave method (PAW).32 Exchange and correlation
energy is performed by the Perdew−Burke−Ernzerhof (PBE)
version of the generalized gradient approximation (GGA).33.
The Brillouin zone is sampled using 7 × 4 × 1 based on the
Monkhorst−Pack k-point mesh during geometric optimization,
with the DFT-D3 semiempirical correction method for van der
Waals interactions.34,35 Self-consistent field (SCF) calculations
were performed with an energy and force convergence
criterion of 1 × 10−8 eV and 0.01 eV·Å−1, respectively. The
cutoff energy was set as 450 eV. A vacuum region in the
direction perpendicular to the surface was set at least 15 Å to
avoid the interaction between images. The electronic structure
of MXene was calculated by using a K-point density of 22 × 12
× 1. All electronic structures have been depicted in the
Supporting Information.

The reaction elementary steps of the SRR are as follows:

* + + *+S 2Li 2e Li S8 2 8

* + * + + *+3 Li S 2Li 2e 4 Li S2 8 2 6

* + * + + *+2 Li S 2Li 2e 3 Li S2 6 2 4

* + * + + *+Li S 2Li 2e 2 Li S2 4 2 2

* + * *Li S 2 LiS2 2

* + + *+LiS Li e LiS

MXene Databases

In this study, six classes of MXenes were considered, inclusive
of 20 monometallic M2CT2 and 400 ordered bimetallic
M’2MC2T2 and M’2M2C3T2, which total 420 MXenes (where
M’, M = Sc, Ti, V, Y, Zr, Nb, Mo, Hf, Ta, and W and T = O
and S termination). As shown in Figure 1b, for ordered
bimetallic M’2MC2T2 and M’2M2C3T2, M’ denotes the surface
metal, and M represents the subsurface metal. However, it is
noteworthy that the determination of which metal would
render the MXene more stable when it serves as the surface
metal was not considered in our endeavor to ascertain whether
1D-DOS fingerprint similarity can be effectively utilized for
material screening, although we know that the sandwich
structure may be energetically favored when the surface layer is
Ti, V, or Mo.9,36,37

AIMD Simulations

In the ab initio molecular dynamics (AIMD) simulations, a
time step of 2 fs was employed. These simulations were
restricted to the gamma point within the Brillouin zone,
disregarding any symmetry considerations. The system was
simulated at 1000 K with a Nose−́Hoover thermostat for 12
ps.
1D-DOS Fingerprint Similarity

A difference formula was defined to quantitatively compare the
similarity between two 1D-DOS:

=
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Here, ΔDOSi represents the difference between the two 1D-
DOS. A larger value indicates a greater difference between the
two electronic fingerprints near the Fermi surface. 1D DOS(E)i
and 1D DOS(E)Wd2CSd2

represent the calculated 1D-DOS of
MXene and the W2CS2 benchmark, respectively. N(E, μ, and
σ2) is a normal distribution that signifies the weighted
processing of 1D-DOS in different regions of the MXene.
According to the frontier molecular orbital theory,38

interactions between the MXene and adsorbed intermediates
are primarily determined by electrons near the Fermi level;39

thus, μ = EF and σ = 7 in the formula. The range from −7 to 7
eV already encompasses most features of the 1D-DOS
spectrum, adequately characterizing different forms of
interactions during the reaction process. Moreover, the center
of the 0D d-band and p-band also lies within this range.6−8

Because of the strong interaction between the adsorbed species
and the sp-band DOS of MXene, both the d-band and sp-band
must be considered.17 Therefore, TDOS is used to calculate
the 1D-DOS fingerprint similarity.
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■ RESULTS AND DISCUSSION

High-Throughput Screening Protocol

Figure 1b presents a schematic of the high-throughput
protocol. Initially, 420 monometallic and ordered bimetallic
sandwich MXenes were constructed. Subsequently, their
enthalpy of formation was calculated. However, because of

the presence of functional groups on the MXene surface, the
enthalpy of formation for functional MXenes is relatively
small.40−42 To increase the likelihood of experimental
synthesis, we set a stringent standard for the enthalpy of
formation at less than −0.24 eV/atom. Heatmaps of the
enthalpy of formation are depicted in Figure 2c,d and Figures
S1−S4, with the corresponding data listed in Tables S1−S6. It

Figure 2. (a, b) Comparison of the 1D-DOS spectra for Sc2CO2, W2ZrC2O2, and W2CS2. The blue and red shadows represent the density of states
for the surface metal W and termination layer S of W2CS2, respectively. The blue and red dashed lines represent the density of states for the surface
metal and termination layer of Sc2CO2 and W2ZrC2O2, respectively. (c, d) Screening results for M’2MC2O2 and M’2MC2S2. The color of the
heatmap represents the formation energy. The stars on the left represent termination similarity, and the circles on the right represent metal
similarity, with the color representing the degree of difference. The white crosses represent a termination or metal similarity greater than 1.2.
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was found that the majority of MXenes have a small enthalpy
of formation, with only W3C2S2, W2MoC2S2, W2Mo2C3S2, and
W4C3S2 having larger values of −0.04, −1.15, −0.13, and 0.05
eV/atom, respectively.36 This suggests that most MXenes can
be synthesized experimentally. However, it is worth noting that
the enthalpy of formation for M2CO2, M’2MC2O2, and

M’2M2C3O2 MXenes is less than that for the corresponding
S-termination MXenes,43 indicating that it is easier to produce
O-termination MXenes experimentally. Therefore, this paper
mainly discusses the SRR of the O-termination MXenes. Next,
the DOSs of the termination layer and surface metal were
extracted, and Δ1DDOS was calculated based on Figure 1a

Figure 3. (a, b) Adsorption energy of LiPS on M2CO2 and M’2MC2O2. (c) Gibbs free energy profiles of M’2MC2O2 for the SRR process.
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and eq 2. The thresholds were set at 0.5 and 0.6, respectively.
The lower threshold for termination is due to the fact that the
surface is the main site for chemical reactions, hence
necessitating a higher screening requirement. The results of
Δ1DDOS were superimposed on the enthalpy images, as
depicted in Figure 2c,d and Figures S1−S4. The electrons near
the Fermi level of W2CS2 are primarily provided by the metal
W, with a small contribution from nonmetal S (Figure 2a,b).
W and S exhibit strong d-p orbital hybridization within the −4
to −3 eV range. W and S have numerous vacant orbitals 1−2
eV above the Fermi level. For monometallic M2CO2, only
Mo2CO2 meets the criteria due to the considerable Δ1DDOS
of the termination layer (Figure S5). Sc2CO2, Ti2CO2, and
Y2CO2 have Δ1DDOS values exceeding 1.2 (Figure 1a, Figure
S5), indicating a stark difference in electronic fingerprint near
the Fermi level compared with W2CS2. This is primarily
because Sc2CO2 has a significant band gap in the 0−3 eV
range, making it a wide band gap semiconductor.44,45 A similar
scenario is observed for Y2CO2.

46 A few alternatives exist in
M’2MC2O2, such as W2TiC2O2, W2VC2O2, W2ZrC2O2,
W2NbC2O2, W2HfC2O2, and W2TaC2O2 (Figure 2c, Figures
S6−S15), all of which are W-based MXenes. Regrettably,
whereas Mo-based M’2MC2O2 has a smaller Δ1D-DOS for
termination, the larger Δ1D-DOS for the surface-metal Mo
makes it unsuitable for selection. A large number of
M’2M2C3O2 MXenes with Δ1D-DOS greater than 1.2 exist,
suggesting that M4C3 type MXenes (except Mo2V2C3O2) may
not be suitable for SRRs (Figure S2). The situation for M2CS2
and M2CO2 is similar, with only Mo2CS2 as a candidate,
indicating the similar electronic fingerprint of Mo and W
(Figure S3). Therefore, Mo-based MXenes such as
Mo2TiC2S2, Mo2VC2S2, Mo3C2S2, and Mo2WC2S2 were
identified in M’2MC2S2. A similar scenario is observed for
M’2M2C3S2, which contains a large number of W-based and
Mo-based MXenes. Finally, 30 candidates were obtained,
indicated by the yellow boxes in the figure. Overall, this simple
high-throughput 1D-DOS calculation and numerical process-
ing method, which does not require the optimization of the
adsorption geometry of intermediates, allows us to obtain
potential MXenes for SRR in just a few hours.
Adsorption Characteristic Analysis of LiPS Intermediates

To ascertain whether the Coulombic interactions between the
MXenes screened out through this high-throughput calculation
of Δ1D-DOS and the adsorbed species are similar, the
adsorption energy between 30 candidate MXenes and LiPS
intermediates was calculated. Additionally, to enhance contrast,
M2CT2 (M = Sc, Ti, V, Y, Zr, Nb, Hf, Ta; T = O, S), MXenes
with larger Δ1D-DOS values were also detailedly computed for
comparison. From Figure 3a, it can be observed that M2CO2’s
adsorption of LiPS intermediates is distinctly divided into two
categories, one being Mo2CO2 and W2CO2 with smaller Δ1D-
DOS values and the other being Hf2CO2, Sc2CO2, etc., with
larger Δ1D-DOS values. The former exhibits strong binding
with LiPS intermediates, with an adsorption energy ranging
from −4.1 to −7 eV. The latter exhibits weak binding with
LiPS, with most of the adsorption energy ranging from 0 to −2
eV. The smaller adsorption energy cannot suppress the shuttle
effect of polysulfides, leading to the rapid deactivation of Li−S
batteries. The six selected W-based W2MC2O2 (M = Hf, Nb,
Ta, Ti, V, Zr) and Mo2V2C3O2 also possess similar strong
binding with W2CS2 (Figure 3b and Figure S47). Furthermore,
M2CS2 MXenes can also be clearly classified into two

categories based on Δ1D-DOS (Figure S48). Unfortunately,
it has been found that in M’2MC2S2 MXenes, Nb2HfC2S2, and
Nb2ZrC2S2 are exceptions (Figure S49). Even so, the efficiency
of screening SRR catalysts using a 1D-DOS fingerprint
similarity is astonishing.
Gibbs Free Energy Profile of SRR

Subsequently, the Gibbs free energy profile of the SRR for the
aforementioned MXenes was calculated to confirm their SRR
potential. The calculation path was adopted as *S8 → *Li2S8
→ *Li2S6 → *Li2S4 → *Li2S2 →*LiS →*Li2S. Figure S51
shows that both Mo2CO2 and W2CO2 can be used for SRR,
with the rate-determining step being the transformation of the
Li2S2 intermediate into a LiS intermediate with activities of
−0.42 and −1.11 eV, respectively. By removing the
intermediate layer of Mo2SnC, a functionalized Mo2C−CNT
composite cathode material was prepared as a good conductive
anchoring matrix for sulfur in Li−S batteries, with a reversible
capacity of approximately 925 mAh/g.27 The electrode of S@
Mo2CTx prepared by Yang and his colleagues also
demonstrated rapid charging and lithium-ion transport
capabilities.47 Another category of M2CO2 (M = Sc, Ti, V,
Y, Zr, Nb, Hf, and Ta) is not conducive to the transformation
of LiPS intermediates (Figure S52). The rate-determining step
also includes the dissociation and transformation of Li2S2.
Hf2CO2 has an overpotential as high as 2.08 eV, making it
almost impossible to utilize for the sulfur reduction reaction
(SRR), and there are also no experimental reports of its use.
V2CO2 has an overpotential of 0.7 eV, similar to literature
reports.48,49 The Gibbs free energy diagram further clarifies
that M2CO2 can be divided into two categories. The former
can be used for the transformation of LiPS intermediates, but
the latter cannot (Figures S51−S52). The screened W-based
M’2MC2O2 can all promote the transformation of LiPS
intermediates (Figure 3c). The activity of W2ZrC2O2 is as
high as 1.64 eV. The rate-determining step for most
M’2MC2O2 is also the dissociation and conversion of Li2S2.

50

Only W2TiC2O2 differs, where the conversion of the LiS
intermediate to Li2S is the rate-determining step, with an
activity of 1.44 eV.51 The activity of Mo2V2C3O2 is 1.25 eV.
M2CS2 can also be divided into two categories based on Δ1D-
DOS. Unfortunately, in the SRR process of Nb2HfC2S2 and
Nb2ZrC2S2, there is one reaction step that is endothermic, with
barriers of 0.32 and 0.25 eV, respectively. However, these
barriers are much smaller than those of other MXenes with
larger Δ1D-DOS. Using ΔG(*Li2S) and ΔG(*LiS), we
constructed a volcano plot for the SRR of MXene. For
M2CO2 type MXene with a larger Δ1D-DOS (shown as area 1
in the figure), the main reason limiting its activity is the larger
ΔG(*LiS). As ΔG(*LiS) decreases, the activity of the MXene
also increases, with most materials located in this transition
area. The materials in area 2, namely, W2NbC2O2, W2ZrC2O2,
and W2TaC2O2, exhibit the best activity. Furthermore, the
decomposition kinetic barrier of Li2S is also crucial for the
performance of Li−S batteries. The decomposition barrier of
Li2S was studied in Figure S58. As indicated, the barriers for
W2TaC2O2, WNb2C2O2, and W2ZrC2O2 are 0.66 0.55, and
0.78 eV, respectively. The decomposition barrier for pure Li2S
is calculated to be 3.64 eV.52 The optimal MXenes can
effectively reduce the decomposition barrier of Li2S. Overall,
Δ1D-DOS is a very effective high-throughput protocol for
material screening, achieving an accuracy rate as high as 93% in
this study for the identification of MXene for SRR catalysts.
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Electronic Structure Analysis

To demonstrate that the 1D-DOS fingerprint leads to varying
interactions with LiPS intermediates, we calculated the crystal
orbital Hamilton populations (COHPs) for MXenes in areas 1
and 2 with LiS intermediates. As illustrated in Figure S59, the
bonding states of Hf2CO2, Nb2CO2, Ta2CO2, and Zr2CO2 with
LiS intermediates are all located in the region from −8 to −6
eV. Meanwhile, the bonding and antibonding states of
W2ZrC2O2, W2NbC2O2, and W2TaC2O2 are respectively
located in the ranges of −8 to −6 eV and −1.5 to 0 eV
(Figure 4b). By integration of the COHP below the Fermi
level, the contribution to bonding between adjacent atoms can
be estimated, thereby quantifying the bonding strength. Our
research shows that the ICOHP between MXenes in area 1
and LiS intermediates is less than 0.75 eV, whereas those in
area 2 are greater than 0.85 eV, indicating stronger bonding
between MXenes in area 2 and LiS intermediates. This is
consistent with our previous analysis of the adsorption energy.
Therefore, based on 1D-DOS fingerprint similarity, we can
indeed differentiate the interactions of MXenes with LiPS
intermediates, thus screening out MXenes with strong
interactions.

In addition, considering that the rate-determining step for
most MXenes is the transformation from Li2S2 to LiS, we
calculated the differential charge between Li2S2, LiS, and
MXenes. From Figure S67, it can be seen that MXenes in area
2 have a strong charge transfer with Li2S2, all above 0.82 e−.
Interestingly, we calculated the difference in electron transfer
numbers between Li2S2 and LiS, and we found that the
difference in electron transfer numbers of MXenes in area 2 is

all greater than that in area 1 (Figure 4e), suggesting that such
electron transfer may be beneficial for the transformation of
Li2S2 to LiS intermediates.
The Stability and Synthesis of the Ideal MXenes

The stability of the optimal MXenes was investigated by
calculating the phonon dispersions of W2TaC2O2, W2NbC2O2,
and W2ZrC2O2. The studies indicate that the structures are
stable. Furthermore, the AIMD simulations were conducted at
a high temperature of 1000 K for 12 ps with a time step of 2 fs.
As shown in Figure S69, the energy and temperature of the
three materials oscillate in near equilibrium states. Moreover,
even under a high temperature of 1000 K, they maintain a
relatively good crystalline structure. Based on the phonon
dispersions and AIMD results, the W2TaC2O2, W2NbC2O2,
and W2ZrC2O2 MXenes are confirmed to be stable.

W-based MXenes have been theoretically proven to be
stable and have already been used in batteries, in catalysis, and
even in the biomedical field.53 Ordered vacancies in 2D W1.33C
i-MXene have been obtained through the etching of ordered
in-plane (W2/3Y1/3)2AlC or (W2/3Sc1/3)2AlC.54,55 Cui et al.
synthesized new in-plane ordered, rare-earth-containing
(W2/3R1/3)2AlC (R = Gd, Tb, Dy, Ho, Er, Tm, and Lu) i-
MAX phases and successfully exfoliated them.56 It is possible
to obtain the ideal MXenes screened out through a top-down
etching approach of i-MAX phases containing W and Ta.
Additionally, a bottom-up chemical vapor deposition (CVD)
method has also been used to synthesize a large number of
unconventional MXenes.57 Therefore, this method could also
be a candidate for synthesizing W2TaC2O2, W2NbC2O2, and
W2ZrC2O2 MXenes. Overall, this work has rapidly screened

Figure 4. (a) Two-dimensional (quasi) activity volcano plot for the SRR process, shown with two independent descriptors: ΔG(*Li2S) and
ΔG(*LiS). (b) Crystal orbital Hamilton populations (COHPs) for W2ZrC2O2, W2NbC2O2, and W2TaC2O2. (c) Charge differential map of Li2S2
and LiS on W2ZrC2O2. The isosurface is −0.002 e−/Å3. Yellow shading represents a gain of electrons; light blue represents a loss of electrons. (d)
ICOHP for MXenes in area 1 and area 2. (e) Relationship between Δcharge and activity.
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catalysts favorable for the SRR from 420 types of MXenes
using 1D-DOS fingerprint similarity screening, greatly reducing
experimental and time costs.

■ CONCLUSIONS
In conclusion, as the catalytic properties are determined by the
electronic structure, our study introduces a high-throughput
protocol that utilizes 1D-DOS fingerprint similarity to screen
catalytic materials, bypassing the traditional, complex geo-
metric optimization of intermediates and catalytic mechanism
calculations. Using the sulfur reduction reaction (SRR) as a
test case, we validated the accuracy of this protocol. Results
show that by calculating the Δ1D-DOS relative to the
benchmark W2CS2, we can effectively distinguish MXenes
conducive to the SRR and identify 30 potential candidates.
MXenes with small 1D-DOS fingerprint similarity tend to
exhibit similar adsorption behaviors with lithium polysulfide
(LiPS) intermediates and categorize materials into strong and
weak adsorptions for LiPS.

Further analysis of the Gibbs free energy profiles revealed
that most of these selected MXenes exhibit promising
thermodynamic properties suitable for SRR, with an accuracy
rate exceeding 93%. The rate-determining step for most of
these MXenes was identical: the transformation of the Li2S2
intermediate into LiS. The activity of W2ZrC2O2 is as high as
1.64 eV. Moreover, through the analysis of the crystal orbital
Hamilton population (COHP) and differential charge, it was
substantiated that the 1D-DOS similarity can effectively
differentiate the interaction between MXenes and LiPS
intermediates.

All in all, this high-throughput protocol based on the 1D-
DOS fingerprint similarity provides a rapid and accurate
approach for the identification of potential SRR catalysts. The
findings of this study underscore the importance of the
electronic fingerprint in the catalytic performance of materials,
offering invaluable insights and guidance for the future design
and selection of catalyst materials for energy storage
applications.
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