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Table S1. Determination of dopant volume and concentration

Dopant Stock Solution Vol. of ErCls Vol. of TbCl; Vol. of EuCl;
Conc. (%) Conc. (mM) solution added (mL solution added (mL) | solution added (mL
: s 0> .
3 2.5 0.3 0.3 0.3
5 2.5 0.5 0.5 0.5
7 2.5 0.7
8 2.5 0.8 0.8 0.8

A (155 °C — 280 °C)

(NH,),MoS, »MoS, + 2NH, + H,S

Since (NH4),MoS, degrades to MoS; in 1:1 ratio, and the lanthanide rare earth ions (Er**, Tb3",
Eu®*) are expected to be substitutional dopants in the 2D nanosheet host lattices, the quantity
of dopant solution added can be determined based upon molar ratio against the atomic
proportion of Mo*" sites in the system.

As representative, the calculations for 5% doping of Er**, Tb3" and Eu?* are as follows:

Since 0.025 mmol (6.67 mg) of (NH4),MoS, produced 0.025 mmol of MoS; with an equivalent
amount of Mo*" sites.

For 5% Tb*" doping, quantity of Tb*" ions required = 0.025/100x5 = 0.00125 mmol
For 2.5 mM of TbCl; solution, volume used in the reaction = 0.00125/2.5 = 0.0005 L = 500 pL
Molar mass of TbCl; = 265.28 g/mol

To prepare the solution, mass of TbClj salt dissolved in 1 mL deionized H,O =
2.5 x1/1000 x 265.28 = 0.6632 mg

For 5% Er** doping, quantity of Er** ions required = 0.025/100x5 = 0.00125 mmol

For 2.5 mM of ErCl; solution, volume used in the reaction = 0.00125/2.5 = 0.0005 L = 500 pL
Molar mass of ErCl; = 273.62 g/mol

To prepare the solution, mass of TbCl; salt dissolved in 1 mL deionized H,O =
2.5 x1/1000 x 273.62 = 0.6841 mg

For 5% Tb*" doping, quantity of Tb3" ions required = 0.025/100%5 = 0.00125 mmol
For 2.5 mM of TbCl; solution, volume used in the reaction = 0.00125/2.5 = 0.0005 L = 500 pL.
Molar mass of TbCl; = 258.32 g/mol

To prepare the solution, mass of TbCl; salt dissolved in 1 mL deionized H,O =
2.5 x 1/1000 x 258.32 = 0.6458 mg
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Figure S1. TEM and HRTEM characterizations for the MoS; nanosheets doped with varying Tb
concentrations. (a) Pristine MoS, nanosheets (Left to Right): TEM, HRTEM, with corresponding SAED
mapping and cross-sectional profile for the marked linear region. (b) 5% Tb-doped MoS, nanosheets (Left
to Right): TEM, HRTEM, with corresponding SAED mapping and cross-sectional profile for the marked
linear region. (¢) 7% Tb-doped MoS, nanosheets (Left to Right): TEM, HRTEM, with corresponding SAED
mapping and cross-sectional profile for the marked linear region.
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Figure S2. XPS characterization for pre-annealed MoS; nanosheets. (a) Signals pertaining to S2p
elemental components, with distinct presence of MoS; labelled peaks (due to S,> and bridging S
contributions). (b) Signal pertaining to Mo3d elemental components, characterized by peak contributions
from MoS; and MoOy side product impurities.
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Figure S3. Full dataset of XPS characterization for MoS; nanosheets doped with different lanthanide
rare-earth elements (Tb, Eu, Er). (a — e) MoS, nanosheets doped with 5% Tb, characterized of (a) Mo3d
(b) S2p (¢) Ol1s (d) Cls (e) Tb3d elemental signals. (f— j) MoS; nanosheets doped with 5% Eu, characterized
of (f) Mo3d (g) S2p (h) Ols (i) Cls (j) Eu3d elemental signals. (k — 0) MoS, nanosheets doped with 5% Er,
characterized of (f) Mo3d (g) S2p (h) Ols (i) Cls (j) Er4d elemental signals. (p — r) Quantitative Mo:S
atomic ratios for (p) Tb-doped MoS, (q) Eu-doped MoS, (r) Er-doped MoS, nanosheets.
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Figure S4. Magnetic characterization of Ln-doped MoS, (Ln = Er, Eu) nanosheets with variable
atomic doping concentrations. (a) M-H plot for Er-doped MoS, nanosheets with 3%, 5% and 8% atomic
Er** doping, after correction of background paramagnetic contributions. Trend comparison shows an optimal
magnetization at 5% Er doping. (b) M-H plot for Eu-doped MoS; nanosheets with 3%, 5% and 8% atomic
Eu’" doping, after correction of background paramagnetic contributions. Trend comparison shows an
optimal magnetization at 5% Eu doping.
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Figure S5. Full dataset of XPS characterization for Th-doped MoS, nanosheets of various doping
concentrations. (a) Pristine sample analyzed in terms of Mo3d, S2p, Ols, Cls and Tbh3d elemental signals.
(b) 5% Tb-doped MoS, sample analyzed in terms of Mo3d, S2p, Ols, Cls and Tb3d elemental signals. (c)
7% Tb-doped MoS, sample analyzed in terms of Mo3d, S2p, Ols, Cls and Tb3d elemental signals. (d) 8%
Tb-doped MoS, sample analyzed in terms of Mo3d, S2p, Ols, Cls and Tb3d elemental signals.
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Figure S6. Linear correlation of T¢ to dopant concentrations across the three sample measurements,
with the associated fitting statistics, derived from temperature dependent FC-ZFC magnetic studies
of 2% and 7% Tb-doped MoS; nanosheets.
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Figure S7. BMP model fitting of initial M-H relation for 5% Tb-Doped MoS, sample at different
temperatures. (a) 10K. (b) 100K. (¢) 200K. (d) 275K. (e) 300K. (f) 325K. (g) 350K. (h) 390K.
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Figure S8. Fitting statistics under the BMP model (Langevin relation) for Th-doped MoS, samples at
different doping concentrations. (a) 2% Tb3* Doping. (b) 5% Tb*" Doping (¢) 7% Tb** Doping. (d) 8%
Tb** Doping.
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Figure S9. Fitting statistics under the BMP model (Langevin relation) for 5% Tb-doped MoS, sample
at different temperatures. (a) 10K. (b) 100K. (¢) 200K. (d) 275K. (e) 300K. (f) 325K. (g) 350K. (h) 390K.
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Figure S10. Fitting statistics for parameter trends displayed under (a) Figure 8a. (b) Figure 8c. (c)
Figure 8d.



