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Supplementary Note 1: DFT/MC framework comparison

Supplementary Figure S1 shows the energy evolution of DFT/MC-simulated structures with varying coordi-
nation environments during convergence to the minimum-energy configuration (MEC). The energy profiles
of three MXene systems from the present and previous DFT/MC simulations framework are plotted for
comparison. For all DFT/MC simulations, 3 × 3 × 1 supercells were used for (Ti0.5Mo0.5)4C3 with oc-
tahedral coordination, (Ti0.5Mo0.5)4C3 with OOPOO coordination, and (Ti0.75Mo0.25)4C3 with prismatic
coordination.

Supplementary Figure S1: Energy profiles during DFT/MC iterations using previous and current DFT/MC
framework for: (a) (Ti0.5Mo0.5)4C3 with octahedral coordination, (b) (Ti0.5Mo0.5)4C3 with OOPOO coor-
dination, and (c) (Ti0.75Mo0.25)4C3 with prismatic coordination. Each system displays the number of MC
iterations at which MEC is observed, which is indicated by a long, straight convergence line.
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Supplementary Note 2: Electronic structures of three representa-
tive (TiMo)-based carbide MXenes

Supplementary Figure S2 shows electronic density of states (DOS) of three representative (TiMo)-based MX-
enes, including (a) the bare (Ti0.5Mo0.5)4C3 MXene, and (b-c) terminated MXenes (Ti0.5Mo0.5)4C3F2 with
F termination and (Ti0.5Mo0.5)4C3O2 with O termination. The spin polarization is included in all electronic
structure calculations, and the nearly same spin-up and spin-down DOS indicate that the magnetization is
very small for (TiMo)-based MXenes. Thus, spin polarization is not considered in the DFT/MC screening
process.

Supplementary Figure S2: Electronic partial density of states (PDOS) of (a) bare (Ti0.5Mo0.5)4C3 MXene,
and (b-c) terminated MXenes (Ti0.5Mo0.5)4C3F2 with F termination and (Ti0.5Mo0.5)4C3O2 with O termi-
nation.
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Supplementary Note 3: Energy profiles of DFT/MC simulations
for MXene structures with varying termination elements and coor-
dination environments

Supplementary Figure S3 shows the energy profile of DFT/MC-simulated structures with varying termination
elements and coordination environments until convergence to the minimum energy configuration (MEC). For
all DFT/MC simulations, 3× 3× 1 supercells were used for (Ti0.5Mo0.5)4C3F2 with octahedral coordination
of M’ sites, (Ti0.5Mo0.5)4C3O2 with octahedral coordination of M’ sites, (Ti0.5Mo0.5)4C3F2 with prismatic
coordination of M’ sites, and (Ti0.5Mo0.5)4C3O2 with prismatic coordination of M’ sites.

Supplementary Figure S3: Energy profiles during DFT/MC iterations and the resulting MC-searched
minimum-energy configurations (MECs) for: (a) (Ti0.5Mo0.5)4C3F2 with octahedral coordination of M’
sites, (b) (Ti0.5Mo0.5)4C3O2 with octahedral coordination of M’ sites, (c) (Ti0.5Mo0.5)4C3F2 with prismatic
coordination of M’ sites, and (d) (Ti0.5Mo0.5)4C3O2 with prismatic coordination of M’ sites. Each system
displays the number of MC iterations at which MEC is observed, which is indicated by a long, straight
convergence line.
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Supplementary Note 4: Energy profiles of DFT/MC simulations of
MXene structures terminated with different oxygen/fluorine (O/F)
ratios.

Supplementary Figure S4 shows DFT/MC-simulated (Ti0.5Mo0.5)4C3F2 with progressively increasing oxygen-
termination concentration on an initially F-terminated surface. All simulations were performed using 3×3×1
supercells. The resulting energy profiles demonstrate convergence toward a minimum-energy configuration
for each termination level.

Supplementary Figure S4: The energy profile during MC iterations and the MC-searched stable configura-
tion of M’ prismatic coordination of (a) (Ti0.5Mo0.5)4C3(O0.25F0.75)2, (b) (Ti0.5Mo0.5)4C3(O0.50F0.50)2, (c)
(Ti0.5Mo0.5)4C3(O0.75F0.25)2, and (d) (Ti0.5Mo0.5)4C3(O0.89F0.11)2. The trends show convergence to MECs.
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Supplementary Note 5: Energy profiles of DFT/MC simulations of
(Ti0.5Mo0.5)4C3 MXenes with different coordination environments

Supplementary Figure S5 shows DFT/MC-simulated (Ti0.5Mo0.5)4C3 with different coordination environ-
ments. The 3×3×1 supercells were used in these MC simulations. The energy trend path shows the journey
of the MC simulation to finding MECs. The MEC for each corresponding coordination arrangement is shown
as an inset in each plot.

Supplementary Figure S5: The energy profile during MC iterations and the MC-searched stable configuration
of (Ti0.5Mo0.5)4C3. Each row represents an increase in Ti content, while each column illustrates the gradual
transition from an initially octahedrally dominated structure to one with increasing prismatic coordination,
ultimately reaching a fully prismatic configuration. This structural arrangement is illustrated in the first
column, which provides the reference structure for each row.
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Supplementary Table S1: DFT-calculated lattice parameters and average bond lengths (in Å)
for (Ti0.5Mo0.5)4C3T2 MXenes with different terminations and coordination environments. The
first row is the experimentally reported data from Ref. [1].

MXene Type Lattice (Å) Mo–C (Å) Ti–C (Å) Mo–Tx / Ti–Tx (Å)

a b Avg Std Avg Std Avg Std

(Ti0.5Mo0.5)4C3O2 (exp) 2.96 - 2.13 - 2.11 - 1.92 -

(Ti0.5Mo0.5)4C3F2 (Oct) 3.07 3.07 2.19 0.04 2.07 0.00 2.18 0.00

(Ti0.5Mo0.5)4C3F2 (Pris) 3.02 3.02 2.17 0.03 2.10 0.02 2.20 / 2.28 0.00 / 0.01

(Ti0.5Mo0.5)4C3O2 (Oct) 3.04 3.04 2.25 0.32 2.19 0.07 2.31 0.65

(Ti0.5Mo0.5)4C3O2 (Pris) 2.96 2.96 2.14 0.00 2.14 0.01 2.09 0.00

(Ti0.5Mo0.5)4C3(O0.25F0.75)2 3.00 3.00 2.15 0.04 2.14 0.03 2.18 / 2.25 0.01 / 0.01

(Ti0.5Mo0.5)4C3(O0.5F0.5)2 2.99 2.99 2.22 0.31 2.14 0.02 2.18 / 2.25 0.01 / 0.02

(Ti0.5Mo0.5)4C3(O0.75F0.25)2 2.98 2.98 2.18 0.25 2.15 0.03 2.16 / 2.25 0.01 / 0.01

(Ti0.5Mo0.5)4C3(O0.89F0.11)2 2.97 2.97 2.14 0.02 2.14 0.02 2.20 / 2.23 0.00 / 0.01
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