Electronic Supplementary Material (ESI) for Inorganic Chemistry Frontiers.
This journal is © the Partner Organisations 2022

Supporting Information

Cerium-organic framework as alkaline phosphatase mimics: Ce-

OH, sites in catalytic dephosphorylation

Sudip Bhattacharjee,>* Tonmoy Chakraborty,* ¥ and Asim Bhaumik®*

aSchool of Materials Sciences, Indian Association for the Cultivation of Science, 2A & 2B
Raja S. C. Mullick Road, Jadavpur, Kolkata 700032, India.
Email: msab@iacs.res.in

+SB and TC contributed equally to this paper.

S1



mailto:msab@iacs.res.in

FST _____________________________________

Contents

Z
&

e |
-

' Topological representation of Ce-MOF underlying net 4,4,6,6T3
! (Figure S2)
I

S4
2.

4. ' PXRD pattern of Ce-MOF at different solvent medium (Figure S3) S9

6. i XPS analysis of Ce-MOF (Figure S5) S10

8. ! Energy dispersive X-ray (EDX) spectrum of Ce-MOF (Figure S7)

| MOF in different buffer (Figure S9)

S11

Wavelength scan for the hydrolysis of 4-NPP in the presence of Ce- S12

[y
Sl

12. : FT-IR spectra of Ce-MOF in different pH medium (Figure S11) + S13
| |

i SEM images of Ce-MOF (a) before and (b) after catalysis (Figure

w2
U
AN

FT-IR of Ce-MOF after and before catalysis (Figure S14)

S15

[
(=)

I




S3




( ; \ ) ) )
(
Do <M'

A 4

Figure S1. Various coordination mode of PDA ligand with Ce metal.

Figure S2. Topological representation of Ce-MOF underlying net 4,4,6,6T3. Ce (yellow)
PDA ligand (sky blue).
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Table S1. Bond Lengths (A) for Ce-MOF.

Cel | 05 | 2.3913) | 013 | Cce26 | 2.514(3)
Cel | 07 | 24263) | o11 | cets | 2.477(3)
Cel | 04 | 24343) | 013 | ce12 | 2.682(3)
Cel |O11' | 247733) | 03 | ce2' | 2.5834)
Cel 0122 251733) | 02 | ce23 | 2.524(3)
Cel | O1° | 25223) | 02 | ce3 | 2.704(3)
Cel | 010" | 2.6553) | €25 | ce12 | 2.982(4)
Cel | 0132 2.6833) | 012 | ce12 | 2.517(3)
Cel | 028 | 2.7043) | €8 | ce3 | 3.002(5)
Cel | C26' | 2.944(5) | c26 | C27 | 1.504(6)
Cel | €252 | 2.982(4) | c26 | cets | 2.944(5)
Cel | €8 | 3.0025 | o10 | cets | 2.655(3)
ce2 | 09 | 24574) | 04 | ce2' | 2.6253)
ce2 | 010 | 24773) | o1 | ce3 | 2.522(3)
ce2 | 06 | 24783) | ce2 | c105 | 3.003(5)
ce2 | 0134 | 25143) | ce2 | cels | 3.9626(4)
Cce2 | 028 | 2.5243) | c10 | ce2' | 3.003(5)
ce2 | 07 | 25473) | ce2 | 045 | 2.625(3)
ce2 | 035 | 2.5834) | ce2 | c16 | 2.972(5)
Ce2 | 08 | 2.593(4)

4X,1/2-Y,1/2+Z; 2-X,1-Y,1-Z; 31-X,-Y,1-Z; 4-X,-1/2+Y,1/2-Z; 3+X,1/2-Y -1/2+Z; 6-X,1/2+Y,1/2-Z; "-X,1-Y ,-Z; 81-X,1-Y,1-Z
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Table S2. Bond Angles (°) for Ce-MOF.

05 | cel | 07 | 864912) || o10 | ce2 |C105| 77.72(12)
05 | Cel | 04 | 81.48(12) 06 | ce2 [C105| 97.74(13)
07 | cel | 04 | 166.56(11) [|013¢] ce2 [ C105| 92.74(13)
05 | cel [o11'| 15826(13) || 023 | ce2 [ C105| 82.94(13)
07 | cel [O11'| 76.77(11) 07 | ce2 [ c105| 151.10(12)
04 | cel [o11'| 11633(11) || 035 | ce2 [C105] 24.23(12)
05 | cel [0122] 77.43(12) 08 | ce2 [ C105| 154.42(13)
07 | cel [0122] 72.78(11) 045 | ce2 [C105] 25.32(12)
04 | cel [0122] 110.07(11) || c16 | ce2 [ C105| 169.33(15)
O11' | cel |0122] 84.35(13) 09 | Ce2 | Cel’| 112.19(10)
05 | Cel | 013 | 114.0412) [[ 010 | Ce2 [ Cel5| 41.12(7)
07 | cel | 013 | 9552(11) 06 | Ce2 | Cel5| 157.45(8)
04 | cel | 013 | 84.03(11) [[013¢4| Ce2 [Cels| 41.91(7)
ol | cel | 012 | 81.72(13) 023 | Ce2 [ Cel’| 94.81(7)
0122 | cel | 013 | 163.59(12) || 07 | ce2 [cCel5| 119.03(8)
05 | cel [0o10'| 146.08(11) || 035 | ce2 [Cel’| 83.86(8)
07 | cel [o10'| 126.86(10) || 08 | Cce2 | Cels| 98.78(10)
04 | Cel [010'| 65.90(10) 045 | Ce2 [ Cels|  36.76(6)
O11' | Cel [ 010" 50.55(10) C16 | Ce2 | Cel5 | 110.88(10)
0122 | cel |010'| 104.37(10) [[ Cc105] Cce2 [ Cel5 | 60.22(10)
013 | cel [010'] 73.07(10) c8 | 02 [ce2’| 134.703)
05 | cel [0132] 96.07(11) c8 | 02 [ce?| 90.803)
07 | Cel [0132] 119.6510) || ce23 | 02 [cel3| 105.73(11)
04 | cel [0132] 67.94(10) 25 | 013 [ce2¢ | 167.1(3)
O11' | Cel |0132] 80.70(12) 25 | 013 [cel2|  90.5(3)
0122 | Cel |0132] 49.67(10) || Cce26 | 013 [ Ce12| 99.34(11)
O13 | Cel [0132] 13526(10) || c25 | 012 [ Cel2|  99.0(3)
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010' | Cel [0132] 63.99(10) 26 | 010 | ce2 | 136.503)
05 | Cel | 023 | 72.46(11) C26 | 010 | Cel’|  90.003)
07 | cet | 023 | 67.05(10) Ce2 | 010 [ Ccel’ | 101.04(11)
04 | cel | 023 | 103.32(10) || c10 | 04 | Cel 148.0(3)

ol | cel | 022 | 1123201 [[ c10] 04 [ce2'| 94.003)

0122 | Cel | 028 | 13047(10) || cel | 04 [cCe2'| 103.04(11)
013 | cel | 023 | 49.46(10) Cl16 | 07 | Cel 150.1(3)

010' | Cel | 028 [ 122.53(9) cl6 | 07 | ce2 96.0(3)

0132 cel | 023 | 166.89(11) || cel | 07 | ce2 | 113.90(12)
05 | cel [C26'| 166.62(12) || c8 | o1 [cel?| 99.6(3)
07 | cet [C26'| 101.48012) || c11 | 05 | Cel 139.0(3)
04 | Cel [ C26'| 91.48(12) Cll1 | 06 | ce2 | 139.403)

ol11' | cel [ C26'| 24.90(12) C26 | 011 [Cel’|  98.9(3)

0122 | cel [ C26' | 94.52(12) Cl0 | 03 [ce2l' | 97.203)
013 | cel [C26' | 76.21(12) Cl16 | 08 | Ce2 95.2(3)

010' | Cel | C26'| 25.65(11) [] 012 | c25 | 013 | 119.54)

0132 | cel [C26'| 7068(11) || 012 ] C25|c24a| 11999
023 | cel [C26'| 12047(11) || 013 | C25 | C24 | 120.6(4)
05 | cel [C252| 88.90(13) || o12 [ c25 [cel2| 56.502)
07 | Cel | C252| 94.96(11) || 013 | €25 [Ccel2| 64.1(2)
04 | cel [C252| 90.80(11) c24 | €25 [cel2| 170.3(3)

O11' | Cel [ €252 78.98(13) ol | cs8 | o2 120.2(4)

0122 | Cel | €252 24.56(12) ol | c8 | ¢7 119.0(4)
O13 | Cel [C252] 15527(12) || 02 | c8 | ¢7 120.7(4)

010' | cel | €252 82.73(12) 01 | c8 [cel’| 5590

0132 | Cel | C252| 25.41(11) 02 | c8 [cel?| 6422
023 | cel [C252] 15432(11) || €7 | €8 [ce?| 174.103)

C26' | cel [C252] 79.78(13) 02> | ce2 | 045 [ 79.89(10)
05 | Cel | 8 | 93.53(13) 07 | ce2 | 045 | 138.59(11)
07 | cel | C8 | 80.87(12) 035 | ce2 | 045 [ 49.51(10)
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04 | cel | 8 | 938511) || o11 [ c26 [cel’s| 56.2(2)
o1l [ cel | €8 | 9733(13) || 010 [ C26 [cel5|  64.402)
0122 | Cel | €8 | 152.51(12) || €27 | c26 | cel5| 176.3(3)

013 | cel | C8 | 24.48(12) 08 | ce2 | 045 | 135.49(12)
010' | cel | €8 | 97.55(12) 09 | ce2 | c16 | 92.13(15)
0132 ] cel | €83 | 157.77(12) || 010 | ce2 | Cc16 | 99.36(12)
023 | cel | C8 | 24.98(11) 08 | C16 | Ce2 60.3(3)
C26' | Cel | €8 | 9831(13) 07 | C16 | ce2 58.5(2)
252 cel | €8 | 175.02(12) || c17 [ ci6 | ce2 | 176.3(3)

09 | ce2 [ 010 | 73.59(12) 06 | Ce2 | C16 | 90.46(13)

09 | ce2 | 06 | 72.69(13) [|013¢| ce2 | Cl6 | 76.68(13)
010 [ ce2 | 06 | 145.15(11) || 023 [ ce2 | Ccl16 | 92.43(12)

09 | ce2 [o134] 13833(13) || 07 | ce2 | cl16 [ 25.53(12)
010 | Cce2 [0134] 69.04(11) 035 | ce2 | c16 | 165.23(13)

06 | ce2 [013*| 145.70(11) || 03 | Cc10 | Ce2! 58.6(3)

09 | ce2 | 023 | 1488412) || 04 [ clo [ce2' |  60.7(2)
010 | ce2 | 023 | 135.68(10) || €9 | c10 [ ce2'| 174.54)

06 | ce2 | 023 | 76.46(11) 08 | ce2 | ci6| 2451(12)
0134] ce2 | 028 [ 72.55(11) 045 | ce2 | Cl6 | 144.33(12)

09 | ce2 | 07 | 108.52(14) || 09 | ce2 [C105] 96.81(16)
010 | ce2 | 07 | 122.1510) || 07 [ ce2 | 08 | 50.03(10)

06 | ce2 | 07 | 77.45111) 035 | ce2 | 08 | 158.80(15)
o13*| ce2 | 07 | 77.71(11) 09 | ce2 | 045 | 112.38(13)
023 | ce2 | 07 | 68.19(10) || 010 | ce2 | 045 | 65.81(10)

09 | ce2 | 035 | 82.63(15) 06 | Ce2 | 045 | 120.69(11)
010 | ce2 | 035 | 92.42(12) [[o134| ce2 | 045 | 67.76(10)

06 | ce2 | 035 | 74.80(11) 06 | ce2 | 08 | 103.76(13)
013¢| ce2 | 035 | 116.20(11) [[o134] ce2 | 08 | 77.22(14)
023 | ce2 | 035 | 85.22(13) 02 | ce2 | 08 | 11531(12)

07 | ce2 | 035 | 14527(12) [[ o010 | ce2 | 08 | 76.72(11)
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Figure S3. PXRD pattern of Ce-MOF at different solvent medium (soaked for 24 h).
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Figure S4. FT-IR of Ce-MOF (without N-Methylmorpholine), N-Methylmorpholine and Ce-
MOF (with N-Methylmorpholine) at different solvent medium (soaked for 24 h).
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Figure S5. XPS analysis of Ce-MOF.
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Figure S6. TGA plot of Ce-MOF.
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Calculation for weight loss of Ce-MOF:
Formula of asymmetric unit = C3oH,cCe,043.2(H,0)

Therefore, FW of asymmetric unit = 910 g/mol.

Weight loss for the loss of coordinated and lattice H,O molecules = (54/910) x 100% =
5.93% (experimental 5.77 %). The further weight loss may be ascribed to the collapse of
some additional portion of the polymeric unit of Ce-MOF.
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Figure S7. Energy dispersive X-ray (EDX) spectrum of Ce-MOF, inset shows the elemental

percentage.
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Figure S8. Color change of 4-NPP hydrolysis reaction over time (a) without catalyst, (b) with
catalyst of Ce-MOF.
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Figure S9. Wavelength scan for the hydrolysis of 4-NPP in the presence of Ce-MOF in (a)
H,0, (b) HEPES buffer (pH 9.0), (c) Tris-HCI buffer (pH 9.0), (d) carbonate buffer (pH 9.0),
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(e) N-Methylmorpholine buffer (pH 9.0), recorded at 25 °C at intervals of 10 min.
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Figure S10. PXRD pattern of Ce-MOF at different pH.
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Figure S11. FT-IR spectra of Ce-MOF in different pH medium (N-Methylmorpholine
buffered 7.0-11.0).
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Table S3. Comparison of hydrolysis rate of p-NPP with various catalysts.

Ce-MOF 7.42
C€(NO3)2.6H20 1.55
PDA 0

Figure S12. SEM images of Ce-MOF (a) before and (b) after catalysis.
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Figure S13. PXRD of Ce-MOF after and before catalysis.
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Figure S14. FT-IR of Ce-MOF after and before catalysis.
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Figure S15. A pictorial diagram of the 4-NPP catalytic hydrolytic reaction with the surface
H,0 molecules of the Ce-MOF catalyst.
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Table S4. Previously reported K, values for the hydrolysis of 4-NPP by different catalysts.

Hf-Ni 4-NPP HEPES buffer (pH 7.4) 8.34 x 103 1

CeNPs 4-NPP HEPES buffer (pH 7.0) 2.20 x 106 2

Protein Tyrosine 4-NPP HEPES buffer (pH 7.0) 2.05 x 10° 3

Phosphatase

CeCDs BNPP Tris-HCI buffer (pH 8.5) 1.84 x 1073 4
Ce-MOF 4-NPP N-Methylmorpholine 7.42 x 1073 This
buffer (pH 9.0) work
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