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S1 Graphene supercell models

Pristine Basal Plane Model Defective Basal Plane Model

Figure S1. Ball and stick models showing the full simulation cells of one Li on the pristine basal plane model and
the defective (with carbon vacancy) basal plane model. The simulation cells are both 27.16 Ax 29.92 A with a 25
A vacuum slab. Brown spheres are carbon and green lithium. The Li models are representative of the single Na
and K models as well.
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Figure S2. Interaction energies on pristine graphene decomposed into binding energy, cohesive energy, and
formation energy with metal chemical potential plotted for Li in (a), Na in (b), and K in (c), with the atom count
denoting the number of M atoms in the My clusters.
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1-12) on pristine basal plane for the data presented in Figure

n
la in the main article. Brown spheres are carbon and green lithium.
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Figure S3. Top and side view of lowest energy Lin (n
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11
1-12) on pristine basal plane for the data presented in Figure

1b in the main article. Brown spheres are carbon and yellow sodium.

Figure S4. Top and side view of lowest energy Nan (n
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1-12) on pristine basal plane for the data presented in Figure

n=11

10
Figure S5. Top and side view of lowest energy Kn (n

1c in the main article. Brown spheres are carbon and purple potassium.
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Figure S6. Li-Li distances in Lin clusters on pristine graphene. The graphene Lin distances are included in Figure
S7.
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Figure S7. Li-C bond distances for Lin clusters on pristine graphene. z-dist denotes the distance between Li and
the graphene sheet.
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Figure S8. Na-Na distances in Nan clusters on pristine graphene. The graphene Nan distances are included in
Figure S9.
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Figure S9. Na-C bond distances for Nan clusters on pristine graphene. z-dist denotes the distance between Na

and the graphene sheet.
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Figure S10. K-C bond distances for Kn clusters on pristine graphene. z-dist denotes the distance between K and
the graphene sheet.
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Figure S11. Projected density of states for Mn clusters on pristine graphene.
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1-12 on pristine graphene. The first and third rows show

the top views, and the second and fourth side views. Li is represented by green spheres and C with brown. Iso-

surface is 0.003 for Li1-7, 0.0025 for Lis-10, and 0.0025 for Lii1-12. Yellow iso-surface denotes gain in charge

Figure S12. Charge density differences for Li clusters n
density, whereas blue denotes loss.
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099

1-12 on pristine graphene. The first and third rows

show the top views, and the second and fourth side views. Na is represented by yellow spheres and C with

Figure S13. Charge density differences for Na clusters n

brown. Iso-surface is 0.003 for Nai, 0.0015 for Na2,35,7,8,10,12.,, 0.002 for Nas,11, and 0.0018 for Nas,o. Yellow iso-

surface denotes gain in charge density, whereas blue denotes loss.
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12

K11

K1O

Figure S14. Charge density differences for K clusters n

1-12 on pristine graphene. The first and third rows show

the top views, and the second and fourth side views. K is represented by purple spheres and C with brown. Iso-

surface is 0.0012 for Ks, 0.0015 for Ka.s, 0.0018 for K1,2,8,9,11,12, and 0.0015 for Kio. Yellow iso-surface denotes

gain in charge density, whereas blue denotes loss.
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S3 Defective graphene

£f

3
89888 8888 K
11111 ¢ 6 v v v o
T (A®) ABou3

-]

:

mm
8§ 988 R QB8 8 K
oooo EECEE
r. ) (A®) ABou3

Formation energy

Cohesive energy

]

8 $888888¢ 8§

(A®) ABsou3z

Atom count

1 2 3 4 5 6 7 8 9 10 11 12

Atom count

1 2 3 4 5 6 7 8 9 10 11 12

Atom count

1 2 3 4 5 6 7 8 9 10 11 12

Figure S15. Interaction energies on the defective graphene sheet decomposed into binding energy, cohesive

energy, and formation energy with metal chemical potential plotted for Li in (a), Na in (b), and K in (c), with the

atom count denoting the number of M atoms in the M, clusters.
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n=12

=11

n

n

=1-12) on defective basal plane for the data presented in

Figure S16. Top and side view of lowest energy Lin (n

Figure 4a in the main article. Brown spheres are carbon and green lithium.

S22



n=6

n=5

n=4

S23



A A
&~

n=9

n=8

n=7

n=12

11

n=10

1-12) on defective basal plane for the data presented in

Figure 4b in the main article. Brown spheres are carbon and yellow sodium.

Figure S17. Top and side view of lowest energy Nan (n
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n=9

n=8

n=7

n=

n=11

n=10

1-12) on defective basal plane for the data presented in

Figure 4c in the main article. Brown spheres are carbon and purple potassium.

Figure S18. Top and side view of lowest energy Kn (n
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Figure S19. Li-Li bond distances for Lin clusters on defective graphene. Li-C distances are plotted in Figure S20
below.
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Figure S20. Li-C bond distances for Lin clusters on defective graphene. z-dist denotes the distance between Li
and the graphene sheet.
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Figure S21. Na-Na bond distances for Nan clusters on defective graphene. Na-C distances are plotted in Figure
S22 below.
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Figure S23. K-K bond distances for Kn clusters on defective graphene. K-C distances are plotted in Figure S24
below.
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Figure S24. K-C bond distances for Kn clusters on defective graphene. z-dist denotes the distance between K

A TpEide @ Hok

and the graphene sheet.
S32



a -+ I <+ i T+ T
m m e m m "
~ e~ ~ o~ ~ ~
- e la - - It
3 1 2 1 2
o= o o oz oz o
- g g e g Iy
b g 2 13 2 2
L L - - —~ o -
I 1 [ 1 1 i
~ ~ ~ ~ ~ ~
I 1 [ I ) L
m m ”m m Ll m
| 1 I 1 1 I
. N - L . ~ i | . T L . iT L . T . ~ T
e w e m e »n o @w o e wm o » o w o w o o e n 2 o 2 a o o w5 w g mw o n o o vw'e v o v e v o o we a o v g a o
o~ - - < < n_u .ﬂ .._. .u_ ~N Lol - o =] n_u .ﬂ .ﬂ .,_. ~N - o =] _w .ﬂ d Q ~N Ll - o o n_u .ﬂ o 4 ~N - - o o ._u 4. .ﬂ 1,.. ~N - - o =1 n_. d 4. J_
(s00) $21015 Jo Ausuaq (s00) 531015 Jo Ausuaq (s0q) sareas jo Aysuag (500) 531815 J0 Ausuag (50Q) s23@35 0 Aysuag (s0q) s23e35 jo Aysuag
-] 3
25 ! | 25 . |
() - uze < o wz @ -
i | i :
'~ I~ i I~ |eu i~
- - - = =
3 2 P 3 3 w
™ [ ]
o3 ez o oz ez o
= B ° 3 = B B g z
s £ z |2 g H H
= & & P I &
~ ~ |4 ~ | N
1 ] I | I 1)
- = 52 - | -
1 I | | | 1
S w 8 m © w g w 9 © w 9 \m 9 »m o w 9 g S mw © » g m & & w9 \m g =N o W & & w9 w9 m S W S o n 6 n o n o n o
~ - - (=] (-] 4 - - ~ ~N - - o [=] (-] !_. - ~N ~N - (=] (=] (=] - - ~N ~ - - o (=] U_ - - ~N ~N - - o o (-3 1_‘ - ~N ~N - - = =3 o - - ~
1 I 1 1 1 I I 1 I L] I | 1 1 I 1 ] 1 ] 1
(s0q) saeis jo Ausuag (s0Q) sa1€15 Jjo Ausuag (s0q) saie1s jo Ayisuaq (50q) sa1e15 jo Ausuaq (50Q) sa1e15 jo Alsusg (soq) sa1e3s jo Ayjsuag
v
< [TR=] - s L3 = T
i
P
i
~ I~ I~ I~ e I~
= - . = s
3 2 3z 3 :
o= le= L P ez oz H Lo
B i = g 4 B B g i o]
[ H - @ o [ @ N
c 1 < c = c IR
w 0 w w w w I
| I
H \
~ } ~N |~ |~ |y i 4
1 3 1L | | | “ 1
|
H H
! H
H H
i i
- H < - - 54 H -
] H L [ Il I |- il
| i
i H
S w8 4 e w9 w g & w S ¥v g 9 & »w a9 g S w © n g m & © W o W 9 W o w e o w9 w g w o MW O o v o N o v 9 wn o
A A 8 8 8 4 &4 6 & A A 8 8 6 &4 &4 & 9™ 46 S & 4 A &4 N 4 A4 8 8 8 4 4 s AN 4 4 8 5 8 &4 o & N A A 5 5 & o o W
I 1 1 1 )

1 1
(s80) 531215 jo Ausuaq

1 1
(50q) sa1€15 Jo Aususg

(500) 531815 Jo Aysuaq

| I
(sog) sa1e3s jo Aysuag

] |
(s0Q) s:es jo Aysuag

]
(soq) s:1e3s o Aysuag

Energy (eV)

Energy (eV)

Energy (eV)

S33



2.0 2.0
- C
15 Na 15
— Total

& 5 10 5 10
o o o
8 8 ¢ 8
g g 05 g 05
s & 3
& & 00 3 0.0
s s 5
2 2-05| 2-05
@ ] ¢
< < c
8 lg—l.l) g-1.0
-15 Li; -15| Na, -15
20— 2 0 i -2.0'

Energy (eV)
2.0 2.0
- C
15| - L
} — Total

@ 1.0 @ @

g | g g
w 05 - r
2 -] -1
] = 5
& 0.0 mmmmmeeeszmeeel TIII0 @ g
s s s
Z-05 2 z
3 ] 3
c < <
o @ o
G-10 8 a8
-15| Lig -15| Na K

& — Total 8
=e0 =03 =) 0 2 a 207 =2 =1 0 1 3 4
Energy (eV) Energy (eV)
2.0 2.0;
15/ 1.5¢

& 10 a & 10
-3 o o

2 - (=]

g 0.5 § E 0.5
o = © Icl

B 0.0F=msmeessmemezi zzl & 3 0.0

s - 5 s

2-05 2 2-05
@ @ @
< < s

8-10 8 8-10
-1.5{ i -1.5{

Lis — Total Kq
20 =3 = 0 2 4 2053 2 a1 o0 i 3 4
Energy (eV) Energy (eV)
2.0 2.0
-c
15 - U 15
— Total

@ @ @ 10

8 8 8

g § g 05

a a 2 00!

s ] |5

>

z g §-05
c = c
@ @ o

Q a o-1.0
-15 Liyg -15
B 0 a 2= 0 a 20,

Energy (eV) Energy (eV)
2.0 2.0
- C
15| Na 15
— Total

@ @ @ 1.0

g : 8

e P | % 05

g b4 £

o

a & & oo

k3 s s

z 2 2-05

% ] g

§ § §

a 8 0-1.0
-15 Liyy -15|
=205 R 3 a =20,

Energy (eV)
2.0
15

= e = 3

v w w

8 8 8

8%

a a 3 o0

k3 s ]

z Z Z-05

@ % &

€ c i3

8 8 d-10
-15 . -15 -1.5]

Liy, Na,,
—200 2 0 2 i =20 =2 ) 2 [ B e S e M 3 a
Energy (eV) Energy (eV) Energy (eV)
Figure S25. Projected density of states for Mn clusters on defective graphene.
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1-12 on defective graphene. The first and third rows

show the top views, and the second and fourth side views. Li is represented by green spheres and C with brown.

Iso-surface is 0.003, with yellow iso-surface denoting gain in charge density, whereas blue denotes loss.

Figure S26. Charge density differences for Li clusters n
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7-12 on defective graphene. The first and third rows
5-12, with yellow iso-surface denoting gain in charge

1-4, and 0.001 for n

show the top views, and the second and fourth side views. Na is represented by yellow spheres and C with

Figure S27. Charge density differences for Na clusters n
brown. Iso-surface is 0.0025 for n

density, whereas blue denotes loss.
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1-12 on defective graphene. The first and third rows

5-12with yellow iso-surface denoting gain in charge density,

1-4, and 0.001 for n

show the top views, and the second and fourth side views. K is represented by purple spheres and C with brown.

Figure S28. Charge density differences for K clusters n

Iso-surface is 0.002 for n

whereas blue denotes loss.
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