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Table SI-1. Geometry information on slab-and-vacuum models used in this paper.

Surface (cubic) Compound  [a'xb’| (A?) M (4) N 4 Atom count
Thin  Thick Thin Thick Thin  Thick

(100) ZnAl;04 64.8 282 282 141 16.1 98 112
ZnGaz04 69.4 29.2 292 146 16.7 98 112

Znin;04 79.9 31.3 313 156 179 98 112

ZnV;704 70.8 294 294 147 168 98 112

ZnCr,04 68.7 29.1 333 146 187 98 126

ZnMn;04 68.6 299 299 150 171 98 112

ZnFe0q 69.9 29.2 292 146 167 98 112

ZnCo0,04 63.8 280 319 140 16.0 98 112

(110) ZnAl;04 91.6 285 313 142 171 140 168
ZnGaz04 98.1 294 324 147 117 140 168

Zninz04 112.9 284 316 158 19.0 140 168

ZnV>04 100.2 29.7 326 148 178 140 168

ZnCr,0, 97.2 294 324 147 117 140 168

ZnFe,0, 98.9 295 324 147 117 140 168

ZnCo0204 90.2 282 311 141 169 140 168

(111) ZnAl;04 56.1 325 372 186 232 112 140
ZnGaz04 60.1 337 385 192 240 112 140

Znin;04 69.2 36.1 413 206 258 112 140

ZnV;04 61.2 340 388 194 243 112 140

ZnCr,04 59.7 336 383 192 240 112 140

ZnMn;04 60.7 338 386 193 241 112 140

ZnFe0. 60.5 338 386 193 241 112 140

ZnCo0,04 55.2 323 369 184 231 112 140




Fig. SI-1. Examples of ZnAl>0O4 (100) surface slabs generated using Ref. 46 of the main text.
The definition of transformation matrices and principal isometry follows Ref. 46. Lattice

parameters indicate that the slab is a potential tp and thus T, =1 . The top layer is either the

Al-O layer or the Zn layer. T, =T, in all examples, and the principal isometry is 2y in

Figs. 3a,b,fand 1 in Fig. 3c-e. The total number of severed bonds per surface of the (100) n-
double cell is four from Zn, six from Al, and 10 from O in Figs. SI-1(a,b,d,e) and two, four,
and six in Figs. SI-1(c,f), respectively. Therefore, the termination in Figs. SI-1(c,f) is expected
to be much stable than those in Figs. SI-1(a,b,d,e). Interestingly, the same termination can be
obtained with a different principal isometry when the slab thickness is varied. The termination
in Figs. SI-1(c,f) can be made more stable by manually tilting the two-fold coordinated Zn at
the surface toward the slab such that these Zn are closer to more O, and this procedure was

actually performed in this study.
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Fig. SI-2. Examples of ZnAl>04 (110) surface slabs generated using Ref. 46 of the main text.
The definition of transformation matrices and principal isometry follows Ref. 46. Lattice

parameters indicate that the slab is not hp, tp, noroc and T, =1 . The top layer is either the
Al-Zn layer or the Al-Zn-O layer. T, =T, in all examples, and the principal isometry is 2y

penetrating 1 in Figs. SI-2(a,b,f) and 21, penetrating 1 in Figs. SI-2(c-e). The total
number of severed bonds per surface of the (110) n-double cell is four from Zn, six from Al,
and 10 from O in Figs.SI-2(a,b,d,e) and four, eight, and 10 in Figs.SI-2(c,f), respectively. The
termination in Figs.SI-2(c,f) is expected to be slightly unstable but calculations on ZnAl>O4,
ZnGaz04, and ZnIn204 show that this termination is clearly more stable than those in Figs.SI-
2(a,b,d,e).



Fig. SI-3. Examples of ZnAl>O4 (111) surface slabs generated using Ref. 46 of the main text.
The definition of transformation matrices and principal isometry follows Ref. 46. Lattice

parameters indicate that the slab is a potential hp and T, is determined accordingly. The top
layer is either the Al-Zn layer but the second layer can be either O or Zn. T, =1 and the

principal isometry is 2, penetrating 1 in all cases. There are two and one choices of X, in

the former (Fig. SI-3(a-b)) and latter (Fig. SI-3(c)) cases, respectively. The total number of
severed bonds per surface of the (111) n-double cell is zero from Zn, nine from Al, and nine
from O in Fig. SI-3(a), zero, nine, and nine in Fig. SI-3(b), and two, three, and five in Fig. SI-
3(c), respectively. Therefore, the termination in Fig. SI-3(c) is expected to be more stable than
those in Fig. SI-3(a-b).



ZnCr,0,(100)

Fig. SI-4. Employed terminations of ZnM»O4 surfaces other than those shown in Fig. 1 of the
main text. Gray, brown, blue, and red balls indicate Zn, spin-up M, spin-down M, and O.
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Fig. SI-5. Eovac in eV/defect for various O positions in ZnAl;O4. Gray, blue, and red balls
indicate Zn, Al, and O, respectively.
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Fig. SI-6. Eovac in eV/defect for various O positions in ZnGa0a. Gray, blue, and red balls
indicate Zn, Ga, and O, respectively.
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Fig. SI-7. Eovac in eV/defect for various O positions in Znin,Oa4. Gray, blue, and red balls

indicate Zn, In, and O, respectively.



(111)

Fig. SI-8. Eovac in eV/defect for various O positions in ZnV204. Gray, brown, blue, and red
balls indicate Zn, V (spin-up), V (spin-down), and O, respectively. The spin for V is that when
cleaved from bulk.
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Fig. SI1-9. Eovac in eV/defect for various O positions in ZnCr,04. Gray, brown, blue, and red
balls indicate Zn, Cr (spin-up), Cr (spin-down), and O, respectively. The spin for Cr is that
when cleaved from bulk.
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(111)

Fig. SI-10. Eovac in eV/defect for various O positions in ZnMn204. Gray, brown, blue, and red
balls indicate Zn, Mn (spin-up), Mn (spin-down), and O, respectively. The spin for Mn is that
when cleaved from bulk.
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(111)

Fig. SI-11. Eovac in eV/defect for various O positions in ZnFe2O4. Gray, brown, blue, and red
balls indicate Zn, Fe (spin-up), Fe (spin-down), and O, respectively. The spin for Fe is that
when cleaved from bulk.
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(111)

Fig. SI-12. Eovac in eV/defect for various O positions in ZnCo20a. Gray, blue, and red balls

indicate Zn, Co, and O, respectively.
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Fig. SI-13. Site-projected DOS of ZnM20a4. The sums of projected DOS by species and by

orbital character are shown. The primitive cell contains two Zn, four M, and eight O atoms.
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Fig. S1-14. Site-projected DOS of ZnM>0O4. The sums of projected DOS by species and by
orbital character are shown. The primitive cell contains two Zn, four M, and eight O atoms.
For these spin polarized systems, only the spin up DOS is shown for Zn and O and the spin up
DOS are drawn separately as M(Maj) and M(Min) for the two pairs of M atoms where spin up
is the majority and minority spin, respectively. The arrow in ZnV20; indicates the bottom of
the V minority 3d (t2g) band.
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Fig. SI-15. Plots of Eovac Versus the absolute value of the Bader charge at the desorbing O site
for each ZnM204. Points are labeled by orientation, and the least-squares fit line is over all

points.
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Fig. SI-16. Plots of Eovac Versus average O-cation bond length at the desorbing O site for each
ZnM0Qq. Points are labeled by orientation, and the least-squares fit line is over all points.
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Fig. SI-17. Plots of Eovac Versus coordination number at the desorbing O site for each ZnM-Og.

Points are labeled by orientation, and the least-squares fit line is over all points.
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