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Table S1: Nomenclature of the different Ni, impregnated configurations

Explanation

Name of configuration

Ce/Zr-Ui0O-66 (16.6%)

Niy in Ce/Zr-UiO-66 (16.6%)

Nig in Ce/Zr-UiO-66 (16.6%)

Nij in Ce/Zr-UiO-66 (16.6%)
Nijs in Ce/Zr-UiO-66 (16.6%)
Ce/Zr-Ui0O-66 (33.3%)

Niy in Ce/Zr-UiO-66 (33.3%)

Nig in Ce/Zr-UiO-66 (33.3%)

Nij in Ce/Zr-UiO-66 (33.3%)
Niyg in Ce/Zr-UiO-66 (33.3%)
Ti/Zr-UiO-66 (16.6%)

Niy in Ti/Z1-UiO-66 (16.6%)

Nig in Ti/Zr-UiO-66 (16.6%)

Nijs in Ti/Zr-UiO-66 (16.6%)
Niyg in Ti/Zr-UiO-66 (16.6%)
Ti/Z1-UiO-66 (33.3%)

Niy in Ti/Z1-UiO-66 (33.3%)

Nig in Ti/Zr-UiO-66 (33.3%)

Nij in Ti/Zr-UiO-66 (33.3%)
Nijg in Ti/Zr-UiO-66 (33.3%)

Planar Niy in octahedral void of UiO-66 (Zr)
Planar Niy in octahedral void of Ce/Zr-UiO-66 (16.6%)
Another Niy configuration in tetrahedral void

Nig in octahedral void
Nig in other tetrahedral void

LC'e
Lce-Niy
Lce-Nig
LCe'NiH
LC@'Nilﬁ

HCe
Hee-Niy
Hee-Nig

HCe'NhQ
HCe'Nilﬁ

Lrs
Lr;-Niy
Lpi-Nijp
L7i-Nigg

Hr;
Hp;-Nig
Hrp;-Nijo
Hr;-Nig

oct-UiO-66
oct-Lee-Niy
tet—Lce—Ni4
OCt—LCe— ng
tet—Lce—Nig




Figure S1: Stable configurations of Ni, (z=4-16) clusters in the pores of Ce/Zr-UiO-66
(16.6%), (a) Lee-Nig, (b) Lee-Nig, (¢) Lee-Nijg and (d) Lee-Nijg. Color coding: Cream-
Ce, Green- Zr, Grey- C, Red- O, White- H and Blue- Ni.



Figure S2: Stable configurations of Ni, (z=4-16) clusters in the pores of Ti/Zr-UiO-66
(16.6%), (a) Ly-Niy, (b) Ly-Nig, (¢) Ly-Nije and (d) Ly-Nigg. Color coding: Pink- Ti,
Green- Zr, Grey- C, Red- O, White- H and Blue- Ni.



Figure S3: Stable configurations of Ni, (z=4-16) clusters in the pores of Ce/Zr-UiO-66
(33.3%). (a) Hee-Niy, (b) Hee-Nis, (¢) Hee-Nijp and (d) Hee-Nigg. Color coding: Cream-
Ce, Green- Zr, Grey- C, Red- O, White- H and Blue- Ni.



Figure S4: Stable configurations of Ni, (z=4-16) clusters in the pores of Ti/Zr-UiO-66
(33.3%). (a) Hp-Niy, (b) Hp-Nig, (¢) Hp;-Nijg and (d) Hp-Nijg. Color coding: Pink-
Ti, Green- Zr, Grey- C, Red- O, White- H and Blue- Ni.



Figure S5: Niy bending shapes in the different models, (a) UiO-66 (Zr) (114.1°), (b)
Lee-Nig (100.5%), (c) Hee-Niy (86.99), (d) Lyy-Nig (115.7°), and (e) Hyi-Niy (98.5%)



-2.01 eV -2.12 eV -3.26 eV

Figure S6: Additional configurations of Niy clusters in octahedral and tetrahedral pores
of Ui0-66 (Zr) and Ce/Zr-UiO-66 (16.6%). (a) oct-UiO-66, (b) oct-Lee-Niyg, and (¢) tet-
Lee-Niy. Octahedral void occupied planar Niy is not interacted with carbons and has
lower binding energies of 2.01 eV (a) and 2.12 eV (b) as compared to tetrahedral binding
energy in (c) (-3.26 eV). Color coding: Cream- Ce, Green- Zr, Grey- C, Red- O, White-
H and Blue- Ni
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Figure S7: Additional configurations of Nig clusters in octahedral and tetrahedral pores
of Ce/Zr-UiO-66 (16.6%). (a) oct-Lee- Nig, and (b) tet-Le-Nig. The shape of Nig
configuration in tetrahedral void changed as compared to octahedral void. Similar to
Niy, the binding energy of Nig cluster in tetrahedral pore results into higher value of
-3.53 eV (b) as compared to octahedral pore (-2.95 eV (a)). Color coding: Cream- Ce,
Green- Zr, Grey- C, Red- O, White- H and Blue- Ni
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Figure S8: Projected density of states (PDOS) of Ce (4f) before and after impregnation
of Ni, (z=4-16) cluster in Ce/Zr-MOF (33.3%), (a) Hee-Nig, (b) Hee-Nis, (¢) Hee-Nijo,
and (d) Hee-Nijg. Orange circle represent new electronic state of Ce after impregnation
of Ni, cluster
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Figure S9: Projected density of states (PDOS) of Ti (3d) before and after impregnation
of Ni, (z=4-16) cluster in Ti/Zr-MOF (33.3%), (a) Hy;-Niy, (b) Hp;-Nig, (¢) Hpi-Nipo,
and (d) HTi—Nilg
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Table S2: Average Lowdin charges of doped metal node (Ce/Ti) in Ce/Zr-UiO-66
(33.3%), and Ti/Z1-UiO-66 (33.3%).

Configuration Avg. charges on Ce/Ti (e)
Name

Hee 0.45
Hee-Niy 0.55
Hee-Nig 0.45
Hee-Nipo 0.37
Hee-Nigg 0.39
Hrp; 1.576
Hp;-Niy 1.579
Hp;-Nig 1.578
Hp;-Nipo 1.585
Hpi-Niyg 1.588
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