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Table S1. Optimized lattice constants, local magnetic moment, Bader charges of 2x2x2
cubic Lag g7551r.125C00; structure.

a=b=c(A)

local magnetic moment (ug, per Co atom)

3.858

1.48-1.53 (1.77)

Spin state LS/IS (t577e,')
Bader charge (e, averaged over ¢, 2.094
all ions of the same type) qsr 1.593

qco 1.281

qo -1.104

Table S2. Lattice parameters of metals and oxides involved in this study

) Formula of .
Metal or oxide Space group . Calculated results Experimental dataS!-S10
unit cell
a=b=c=3.549A a=b=c=3.544A
Co Fm-3m (225) Co,
a=p=y=90 a=p=y=90
a=b=3759A,c=12117A a=b=3770A,c=12.130A
La P63/mmc (194) Lay
a=£=90",y=120 a=£=90,y=120
a=b=c=6.040 A a=b=c=6.085A
Sr Fm-3m (225) Sry
a=p=y=90° a=p=y=90°
a=b=c=8.144 A a=b=c=8.082 A
CO304 Fd-3m (227) C024032
a=p=y=90 a=p=y=90
a=b=c=4253A a=b=c=4263A
CoO Fm-3m (225) C040;4
a=p=y=90° a=p=y=90°
a=b=3948A ,c=6.183 A a=b=3938A ,c=6.136A
La,0; P-3m1 (164) La,0,
a=£=90",y=120 a=£=90,y=120
a=b=c=5205A a=b=c=5.160 A
SrO Fm-3m (225) Sr404
a=p=y=90° a=p=y=90°
a=b=c=3.844 A a=b=c=3.835A
SrCoO; Pm-3m (221) SrCoO;
a=p=y=90° a=p=y=90°
r(0-0): 1.23 A r (0-0): 1.21 A
0, —_ 0,

v (0-0): 1563 cm’!

v (0-0): 1550 cm™!




Table S3. Thermodynamics data for bulk La,0;, Co3;04, CoO, LaCo00Oj3, SrO and
SrCo0s;. Calculated formation energies E/ and the experimental standard
formation enthalpies (7° = 298.15 K, p® = 1 atm) are shown in the second and
third columns, respectively. Data in the last column are obtained by
extrapolating those in the third column to 7= 0 K, p° = 1 atm.

Oxide Calculated E/ (eV) AHN (eV) AH' (T=0K,eV)

La,0; -17.32 -18.59511 -18.61811

Co304 -7.29 -9.23811 -9.2281

CoO -1.68 -2.46511 -2.49811

LaCoO; -11.71 -12.77+0.068'2  -12.81813+£0.06512
-12.87+0.0284  -12.91813+£0.06514
-13.04815 -13.08815

LaCoO; (from La,0s3, CoO, Oy) -1.37 -1.1240.02814  -1,11813£0.02514

SrO -5.49 -6.14511 -6.15

SrCoOs3 -8.57, this work;

-9.8081,
-7.01816, CALPHAD approach.

Table S4. Parameters presented in the definition of the excess surface Gibbs free
energy (€2) for (001), (110) and (111) surfaces with different terminations.

SRS 1 T g Vit g, (im)
Orientation Termination ’ '
(001) LaO -4 -2 10.18 2.74
(001) Co0, 4 2 -2.12 -0.57
(110) LaCoO -4 0 12.21 2.33
(110) (0J3 4 0 5.28 1.01
(111) LaO; 0 -2 11.75 1.83
(111) Co 0 2 5.53 0.86

Table S5. Calculated results of the correction term &y, for O atom chemical

potential deviation.

Oxide Sty (V)
La203 0.11
CO304 0.17
CoO 0.46
SrO 0.33

0.25 (undoped LaCoO3)

Average
0.27 (Sr-doped LaCoOs)




Table S6. Calculated substitutional energies of Sr ions in different layers of the
(001) surface slabs.

Energy LaO-terminated (001) surface Co0O,-terminated (001) surface
(eV/ Sr ion) 1,7-doping 3,5-doping 2,6-doping 4-doping
ESr,substitutional -0.88 -0.41 -0.38 -0.28
AESr,substitutional 0.47 0.10
Energy
A
A
Degenerate

3d orbitals

e HHEE S

Low spin (LS) Intermediate spin (IS) High spin (HS)
tye€s 155€, 502
s=0 s=1 s=2

Figure S1. Three possible spin states of Co’" in octahedral crystal field.



LaO-terminated CoO,-terminated

Figure S2. The layer numbered scheme of LaO-terminated and CoO,-terminated
(001) surfaces.

(a) (b)

Figure S3. The top-layer electron density difference maps of CoQO,-terminated
(001) (a) and LaO-terminated (001) (b) surface slabs calculated with respect to
the superposition of atomic densities. Solid (red) and dash (blue) lines represent

deficiency and excess of the electron charge, respectively, with the increment of
0.003 /A3,



(¢) 2,6-doping (d) 4-doping

Figure S4. Side views of (a, b) LaO- and (¢, d) CoO,-terminated (001) surfaces
with Sr-doping in different layers, respectively, doping level x;= 25%.

(a) x;=50% (b) x;=75%

(I) LaO-terminated (001) surfaces

(d) x5=50% (€) x;=75% () x,= 100%



(II) CoO,-terminated (001) surfaces

Figure S5. Side views of (a-c) LaO- and (d-f) CoO,-terminated (001) surfaces
with different Sr-doping levels (x; = 50%, 75%, 100%) on the top layers, second
layers of both sides, respectively.
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b) x;=75%



(¢) x; = 100%

LaO-(001) C00,-(001)

Figure S6. Phase diagrams for outermost-layer Sr-doped (001) surfaces with
different terminations (x; = 50%, 75%, 100%) of cubic Lagg7551r( 125C00; system
(T = 1100K, pO, = 0.2 atm). The numbers in parentheses point to lines, where
phase separations of metals and their oxides from bulk Lagg755r)125C00; begin
to occur: (1) La, (2) Co, (3) Sr, (4) La,0;, (5) CoO, (6) Co3;04, (7) SrO, (8)
LaCo0Oj3, (9) SrCoO;. The hatched area among La,0; Co03;04 LaCoQO; and
SrCoO; precipitation lines represents the stable region. Inset shows the
magnified hatched area.
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