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coordination

number lonic bond type symbolic
(chemistry)
Li-O —_—
K-O —_—
Y-O ionic bond )

Li-O

>3 Na-O
K-O

Table S1. The characteristics of Y-O ionic bonding in the morphology diagrams are
listed. For oxygen coordination number<2, and the ionic bonding types are indicated
by different colored lines. For oxygen coordination number=>3, different ionic bonding
situations and ionic bonding types are more clearly indicated by different colored facets.

spacing symbolic
oxygen-oxygen doo>3.5A
Water molecule nteraction (deo) doo$35A  ceeee
interactions hydrogen bond do>2.5A unmarked
(dlow) don€2B5R

Table S2. The characteristics between water molecules in the morphology diagram
are listed; oxygen-oxygen spacing>3.5A, no interaction, indicated by light red dashed
lines; oxygen-oxygen spacing<3.5A, mutual repulsion exists, indicated by red dashed
lines. Hydrogen bond length>2.5A, no hydrogen bonding, not labeled; hydrogen bond
length<2.5A, hydrogen bonding, indicated by blue dashed line. Water molecules O-H
have interactions with each other to form hydrogen bonding conditions dop=<2.5A (don
denotes the distance between O-H), 010>150°, dgo<3.5A, 01100<30°.
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Figure S1. The binding energies of different systems of [Y-mH,0],MoS, (Y=Li, Na,
K; x=0.25, 0.33, 0.50, 0.67, 0.75, 1.0; m=1, 1.5, 2, 3, 4) were obtained by varying the
strain in the direction of the z-axis. (a) Optimized free energies of [Li-mH,0],MoS,
system. (b) Optimized free energies of [Na-mH,0],MoS, system. (c) Optimized free
energies of [K-mH,0O]iMoS,; system.
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Figure S2. Hydrated lithium ion morphology of [Li-mH,O]\MoS, intra-layer
intercalation at low discharge depths. (a) Top view of 3 and 4 water molecules bound
respectively for a discharge status of x=0.25. (b) Top view of 3 and 4 water molecules
bound respectively for a discharge status of x=0.33.
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2 Figure S4. Hydrated sodium ion morphology of [Na-mH,O],MoS, intra-layer

3 intercalation at low discharge depths. (a) Top view of 3 and 4 water molecules bound

4 respectively for a discharge status of x=0.25. (b) Top view of 3 and 4 water molecules

=0.33.

5 bound respectively for a discharge status of x
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Figure S5. Hydrated sodium ion morphology of [Na-mH,0]MoS, intra-layer
intercalation at high discharge depths. (a) Top views of 1, 1.5, and 2 water molecules
bound respectively for a discharge status of x=0.67. (b) Top views of 1, 1.5, and 2 water
molecules bound for a discharge status of x=0.75, respectively. (¢) Top views of 1, 1.5,
and 2 water molecules bound for a discharge status of x=1.0, respectively.
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| [K'4sz]o.33M052

1

2 Figure S6. Hydrated potassium ion morphology of [K-mH,O],MoS, intra-layer

3 intercalation at low discharge depths. (a) Top view of 3 and 4 water molecules bound

0.25. (b) Top view of 3 and 4 water molecules

4 respectively for a discharge status of x

=0.33.

5 bound respectively for a discharge status of x
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Figure S7. Hydrated potassium ion morphology of [K-mH,0]iMoS, intra-layer
intercalation at high discharge depths. (a) Top views of 1, 1.5, and 2 water molecules
bound respectively for a discharge status of x=0.67. (b) Top views for discharge status
of x=0.75 binding 1, 1.5, and 2 water molecules, respectively. (c) Top views of 1, 1.5,

and 2 water molecules bound for a discharge status of x=1.0, respectively.
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Figure S8. Effect of the status of discharge in hydrated ions on MoS,; layer spacing. (a)
the role of [Li-mH,0],MoS, (m=1, 1.5, 2, 3, 4) on layer spacing at different degrees of
hydration. (b) the role of [Na-mH,O]\MoS, (m=1, 1.5, 2, 3, 4) on layer spacing at
different status of hydration. (c) the role of [K-mH,0],MoS, (m=1, 1.5, 2, 3, 4) on layer

spacing at different status of hydration.
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Figure S9. Effect of discharge status on the binding energy of the system. (a)
[Li-mH,O]\MoS, (m=1, 1.5, 2, 3, 4) at different levels of hydration decreases with
increasing discharge status. (b) [Na-mH,0]iMoS, (m=1, 1.5, 2, 3, 4) at different levels
of hydration increases the binding energy of the system decreases with increasing
discharge status. (c¢) [K-mH,0]MoS, (m=1, 1.5, 2, 3, 4) The binding energy of the
system increases linearly with the increase of the discharge status.
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Figure S10. Side view of [Li-mH,0],MoS,; intra-layer intercalation. (a) Side views of
1, 1.5, 2,3 and 4 water molecules bound respectively for a discharge status of x=0.25.
(b) Side views of 1, 1.5, 2,3 and 4 water molecules bound respectively for a discharge
status of x=0.33. (c¢) Side views of 1, 1.5 and 2 water molecules bound respectively for
a discharge status of x=0.50. (d) Side views of 1, 1.5 and 2 water molecules bound
respectively for a discharge status of x=0.67. (e) Side views of 1, 1.5 and 2 water
molecules bound respectively for a discharge status of x=0.75. (f) Side views of 1, 1.5

and 2 water molecules bound respectively for a discharge status of x=1.0.
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Figure S11. Side view of [Na-mH,0]iMoS, intra-layer intercalation. (a) Side views of
1, 1.5, 2,3 and 4 water molecules bound respectively for a discharge status of x=0.25.
(b) Side views of 1, 1.5, 2,3 and 4 water molecules bound respectively for a discharge
status of x=0.33. (c¢) Side views of 1, 1.5 and 2 water molecules bound respectively for
a discharge status of x=0.50. (d) Side views of 1, 1.5 and 2 water molecules bound
respectively for a discharge status of x=0.67. (e) Side views of 1, 1.5 and 2 water
molecules bound respectively for a discharge status of x=0.75. (f) Side views of 1, 1.5

and 2 water molecules bound respectively for a discharge status of x=1.0.
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Figure S12. Side view of [K-mH,0]\MoS,; intra-layer intercalation. (a) Side views of
1, 1.5, 2,3 and 4 water molecules bound respectively for a discharge status of x=0.25.
(b) Side views of 1, 1.5, 2,3 and 4 water molecules bound respectively for a discharge
status of x=0.33. (c¢) Side views of 1, 1.5 and 2 water molecules bound respectively for
a discharge status of x=0.50. (d) Side views of 1, 1.5 and 2 water molecules bound
respectively for a discharge status of x=0.67. (e) Side views of 1, 1.5 and 2 water
molecules bound respectively for a discharge status of x=0.75. (f) Side views of 1, 1.5

and 2 water molecules bound respectively for a discharge status of x=1.0.



1 A: Proof of Equation (8)
2
3 In order to get Eq. (8), take o >f as an example: a replacement reaction in the
4 presence of § times as many hydrated ions will actually participate in the reaction, then:
ﬁ X- nHZO Y -mH 20
5 X -nH.O0 Y -mH.~0 =BG s, > Mos:,
6 where,
Hosy() T H = T Hy t oy T Fnti 0~ Fix i 0)os, )
> ‘uMosz(S) T ‘Lle_ T ‘uy + (aq) T lumHZO B ‘u(Y . mHZO)MOSZ(S)
7

8 Substituting the following equations ito yields the above chemical potentials:

0 + 0
= + KTIn[X = + KTIn[Y
Bt Pt @ X"] v vtap vt [

9 )
10 And we get:
Hros sy TH - i +0 +KTIn[X+]+y Ho—H
0228 e X7 (aq) nH, (X -nH,0)MoS.,(s)
0 +
> Hyos,y(s) TH- F R4t KTIn[Y "] + Hmi1,0 = Ky b, 0)Mos. (s)
11
12 Simplify it to:
L A KTI[X )+ 0 - 1
X+ (ag) nHy0 (X -nH,0)MoS,(s)
0 +
> + KTIn|Y 7 | + -
M+ o) n[rl Hmit 0 = Ky mH,0)MoS,(s)
13
14
KTIn[X*]-KTIn[Y *]
0 0
> - + - = +
.uy + (aq) ‘uX+ (aq) 'umHZO MnHZO /.t(y . mHZO)MOSZ(S)
H(x - nH,0)Mos ()
15
16
KTIn[X*]-KTIn[Y "]
0 0
> - - + -
( Ho+ (aq) K+ (aq) Hnh 0 :“mHzoﬂ(X - nH.0)MoS,,(s)
17 | I N\

18 Then we define:
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Then:

U

X

+

0
(aq)

0
(

aq) + bnp,0 = HmH 0 (x - nH,0)Mos () + K (v -mi ,0)mos.
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