Electronic Supplementary Material (ESI) for Dalton Transactions.
This journal is © The Royal Society of Chemistry 2024

Supporting Information for:

A Family of Cd(ll) Coordination Polymers Constructed from 6-
aminopicolinate and Bipyridil co-Linkers: Study of their Growth
in Paper and Photoluminescent Sensing of Fe** and Zn?* ions

Oier Pajuelo-Corral,** Inmaculada Ortiz-Gomez, ¢ Jose Angel Garcia,? Antonio Rodriguez-Diéguez, ¢
Ifiigo Vitérica-Yrezabal,® Alfonso Salinas-Castillo,>** Jose Manuel Seco © and Javier Cepeda °*

*POLYMAT, University of the Basque Country (UPV/EHU), Joxe Mari Korta Center, 20018
Donostia-San Sebastian, Spain. ® ECsens, Department of Analytical Chemistry, Faculty of
Sciences, University of Granada, 18071, Granada, Spain. © Unit of Excellence in Chemistry
Applied to Biomedicine and the Environment, Faculty of Sciences, University of Granada, 18071
Granada, Spain. ¢ Departamento de Fisica, Facultad de Ciencia y Tecnologia, Universidad del
Pais Vasco/Euskal Herriko Unibertsitatea (UPV/EHU), 48940, Leioa, Spain. © Department of
Inorganic Chemistry, Faculty of Sciences, University of Granada, 18071 Granada, Spain.
" Department of Applied Chemistry, Faculty of Chemistry, University of the Basque Country
UPV/EHU, 20018 Donostia-San Sebastian, Spain.

Contents:

S1. Chemical structure of H6apic and bipyridine-type linkers.
S2. Chemical characterization of compounds.

S3. FT-IR spectroscopy.

S4. Single-crystal X-ray diffraction.

S5. Powder X-ray diffraction.

S6. Structural details of compounds.
S7 Photoluminescent measurements.
S8. TD-DFT calculations.

S9. Sensing experiments.

S10. TD-DFT and DFT calculations on the interaction of Zn?* with compound
2

S11.  Sensing in PADs.

S12. References.



S1. Chemical structure of H6apic and bipyridine-type linkers

4 4 -bipyridine (bipy) | 1,2-di(4-pyridyl)ethane (bpa)
HeN N COOH

6-aminopicolinic acid (H6apic)

| AN X
\NGP% N
trans-1,2-di(4-pyridyl)ethene (bpe) 1,3-di(4-pyridyl)propane (tmbp)

Figure S1. Chemical structure of the organic linkers utilized in this work for the
construction of CPs.



S2. Chemical characterization of compounds

Thermogravimetric analysis

Table S1. Elemental analysis and TG/DTA curves of %oompound 1.

[Cd(6apic)2]a
C12H10CdN4sOs — M.W. = 386.64 gImoI

100 —

Ti-Tf 2Am(%) SAM(%)theor
370450 705 701 (2x6apic) g |
o
450-800 - — (CdO) 0
Elemental analysis 40

Anal. Calc.: C, 37.28; H, 2.61; N, 14.49%. Found:

20

Decomposition
of Gapic

C, 37.31; H, 2.68; N, 14.42%.

Table S2. Elemental analysis and TG/DTA curves of compound 2.

{[Cd(6apic)2(p-bipy)]H20}n i
C22H20CdNsOs — M.W. = 560.85 g/mol
TiTE  SAm(%) SAM(%)theor
150-300  29.6 31.0 (H20+bipy) 5
350-480  78.6 79.8 (2 x Bapic)
500-800 ; -(CdO)

Decomposition

(n'e)aly

Elemental analysis

Anal. Calc.: C,47.11; H, 3.59; N, 14.98%. Found:
C,47.10; H, 3.50; N, 14.89%.

(‘'n'e) aiv




Table S3. Elemental analysis and TG/DTA curves of compound 3.

{[Cd(6apic)z(u-bpe)]-2 H20},
C24H24CdN606 — M.W. =604.89 glmol

Ti-Tf SAM(%) ZAm(%)theor
120-180 6.0 5.9 (2 x H20)
220-280 35.2 35.6 (-bpe)

320-450  80.1 80.2 (2 x Bapic)

410-800 - — (CdO)

Elemental analysis

Anal. Calc.: C,47.65; H, 4.00; N, 13.89%. Found:
C, 47.63; H, 3.98; N, 13.92%.

TG (%)
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Table S4. Elemental analysis and TG/DTA curves of compound 4.

[Cd(6apic)(p-6apic)(u-bpa)o.s]n
C1sH16CdNs04s — M.W. =478.76 g/mol

Ti-Tf EAm(%) ZAm(%)theor

180-230 20.2 19.8 (0.5 bpa)
300-500 72.6 72.3 (2 x 6apic)
500-800 - CdO

Elemental analysis

Anal. Calc.: C,45.16; H, 3.37; N, 14.63%. Found:

C, 45.18; H, 3.39; N, 14.60%.

TG (%)
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Table S5. Elemental analysis and TG/DTA curves of compound 5.
{[Cd2(6apic)s(u-tmbp)2]7-H.0},

C50H62Cd2N12015 M.W. = 1295.91 glmol

. h Loss of 3.5 H,0
Ti-Tf SAM(%) ZAm(%)theor
100 4 / Loss of tmbp gsg:;gosilion re
80-120 9.2 9.7 (3.5 x H20) / Ly
220-280  28.8 30.2 (tmbp) £ B
320-450 78.6 76.4 (2 x 6apic) 10
410-800 - - (CdO) -
Elemental anaIySiS 400 200 300 400 s00 600 700 800
T{°C)

Anal. Calc.: C,46.34; H,4.82; N, 12.97%. Found:
C, 46.38; H, 4.80; N, 12.95%.

('ne) a1v



S3 FT-IR spectroscopy
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Figure S2. IR spectra of compounds 1, 2, 3, 4, and 5.



S4. Single-crystal X-ray diffraction

Table S6. Crystallographic data for compounds 1, 2 and 3.

1 2 3
Empirical formula C12H10CdN4O4 C22H20CdNgOs C24H24CdNgsOs
Formula weight 386.64 560.85 604.89
Crystal system Triclinic Monoclinic Monoclinic
Space group P1 P2i/c P2i/c
a(A) 7.9686(6) 15.4668(2) 9.1683(12)
b (A) 7.9686(6) 16.9471(2) 16.3792(18)
c (A) 19.9322(18) 8.2657(1) 8.5948(12)
al ° 98.012(7) 90 90
Bl ° 99.021(7) 94.949(1) 105.423(15)
A ° 93.425(6) 90 90
V (A3 1236.11(18) 2158.51(5) 1244.2(3)
z 4 4 4
Reflections collected 8333 17381 18941
;’;‘tig/‘:)zrameters 5624/380 4359/310 3707/172
Rint 0.0736 0.0468 0.0315
GoF (S)@ 1.905 1.060 1.069

R bIwWR2el [1>20(1)]

R/®YwWR2E [all]

0.1038/0.3152

0.1072/0.3184

0.0340/0.0969

0.0380/0.1024

0.0323/0.0810

0.0371/0.0843

[a] S = [XW(Fo® — Fc?)? / (Nobs — Nparam)] 2. [b] R1 = ¥ ||Fol—|Fcl| / Z|Fol; [c] WR? = [Sw(Fo? — F.2)? / wFo?"%; w = 1/[0*(Fo?) +
(aP)? + bP] where P = (max(F2,0) + 2Fc?)/3 with a = 0.0200 (1), 0.0640 (2), 0.0508 (3) and b = 0.3936 (2) and 0.4643 (3).



Table S7. Crystallographic data for compounds 4 and 5.

4 5
Empirical formula C18H16CdN504 Cs0He2Cd2N12015
Formula weight 478.76 1295.91
Crystal system Monoclinic Monoclinic
Space group 12/c P24/c
a(A) 14.7069(2) 21.0218(8)
b (A) 16.6281(2) 12.7604(3)
c (A) 15.3169(2) 23.0865(15)
al ° 90 90
Bl ° 97.091(1) 115.335(6)
A ° 90 90
V (A3) 3717.06(8) 5597.2(5)
VA 8 4
Reflections collected 12802 39568
g;‘tiaq/‘;zrameters 3475/263 11233/712
Rint 0.0275 0.1042
GoF (S)a 1.037 1.037
R4PYwR?2Cl [I>20(1)] 0.0211/0.0463 0.0625/0.1119
R1®/wR2 [all] 0.0244/0.0480 0.1127/0.1340

[a] S = [XW(Fo® — F?)? / (Nobs — Nparam)] 2. [b] Rt = ¥ ||Fol—IFcl| / Z|Fol; [c] WR? = [Sw(Fo® — F2)* / TWFo?"%; w = 1/[0*(Fo?) +
(aP)? + bP] where P = (max(F?,0) + 2Fc?)/3 with a = 0.0185 (4), 0.0396 (5) and b = 4.4531 (4).



S5. Powder X-ray diffraction
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Figure S3. Comparison between the experimental PXRD data for compound 1 with that
simulated from the crystal structure of 1. Inset represents the pattern-
matching analysis.
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Figure S4. Comparison between the experimental PXRD data for compound 2 with that
simulated from the crystal structure of 2. Inset represents the pattern-
matching analysis.



Simulated for compound 3
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Figure S5. Comparison between the experimental PXRD data for compound 3 with that

simulated from the crystal structure of 3. Inset represents the pattern-
matching analysis.
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Figure S6. Comparison between the experimental PXRD data for compound 4 with that

simulated from the crystal structure of 4. Inset represents the pattern-
matching analysis.



Simulated for compound 5
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Figure S7. Comparison between the experimental PXRD data for compound 5 with that
simulated from the crystal structure of 5. Inset represents the pattern-
matching analysis.



S6. Structural details of compounds

Table S8. CShMs for the coordination environment of compounds 1, 2, 3, 4 and 5.

Codes:

HP-6 1 D6h Hexagon

PPY-6 2 C5v Pentagonal pyramid
OC-6 3 Oh Octahedron

TPR-6 4 D3h Trigonal prism

JPPY-6 5 C5v Johnson pentagonal pyramid J2

Structure [ML6] HP-6 PPY-6 OC-6 TPR-6 JPPY-6
Comp. 1-Cd1 28.076 23.303 2.016 11.473 27.494
Comp. 1-Cd2 27.505 24937 1.730 12.953 28.544
Comp. 2-Cd1 24.660 26.376 1.574 15.687 28.837
Comp. 2-Cd2 24.645 26.3802 1.568 15.693 28.850
Comp. 3 27.042 27.443 1.354 15.756 30.099
Comp. 4-Cd1 26.418 27.091 1.390 15.970 29.660
Comp. 4-Cd2 33.241 17.336 5.375 5.240 21.293
Comp. 5-Cd1 29.862 24121 1.850 13.676 27.881
Comp. 5-Cd2 31.201 21.414 2.699 10.690 25.750
Table S9. Selected bond lengths for compound 1 (A).!
Cd1-O1A 2.208(13) Cd2-01C 2.238(13)
Cd1-02B(i) 2.517(13) Cd2-02D(iii) 2.427(13)
Cd1-N1A 2.300(16) Cd2-N1C 2.252(15)
Cd1-0O1B 2.266(13) Cd2-01D 2.287(13)
Cd1-N1B 2.239(15) Cd2-N1D 2.263(16)
Cd1-N61A(ii) 2.501(16) Cd1-N61C(iv) 2.533(15)
[BISymmetry codes: (i) 3-x, 2-y, 2-z; (i) 2-x, 2-y, 2-z; (i) —x, -y, 1-z; (iv) —x, 1-y, 1-z.
Table S$10. Structural parameters (A, °) of hydrogen bond in compound 1.
D—H--- A D—H H-A DA D—H--A
N61B-H61D---02B(i) 0.86 2.18 2.94(3) 146.4
N61D-H61H---O2D(ii) 0.86 2.24 2.97(2) 142.0

[al D: donor. A: acceptor. Symmetry codes: (i) x, 1+y, z; (i) -1+x, y, z.



Figure S8. View of the packing of compound 1 showing the 2D supramolecular layers
formed. Each layer is coloured differently for a better visualization.

Figure S9. Established interlayer hydrogen bonds in compound 1.



Table S11. Selected bond lengths for compound 2 (A).!

Cd1-N1A 2.2635(15) Cd2-N1B 2.2739(16)
Cd1-N1AG) 2.2634(15) Cd2-N1Bii) 2.2739(16)
Cd1-O1A 2.2619(16) Cd2-01B 2.2704(13)
Cd1-O1A(i) 2.2619(16) Cd2-O1B(ii) 2.2704(13)
Cd1-N1C 2.4540(17) Cd2-N10C 2.4275(17)
Cd1-N1C()) 2.4540(17) Cd2-N10C¢(ii) 2.4275(17)

[BISymmetry codes: (i) —x, -y, 1-z; (ii) 1-x, 1-y, 2-z.

Table S12. Structural parameters (A, °) of hydrogen bonds in compound 2.

D—H---Aldl D—H H--A D--A D—H---A
N61A-H61B--02B(i) 0.88 2.07 2.879(2) 151.8
N61B-H61D---Ow(ii) 0.88 2.00 2.876(3) 176.2
Ow-HwA---O2A(jii) 0.85 1.94 2.790(2) 173.1

[al D: donor. A: acceptor. Symmetry codes: (i) -1+x, 1/2-y, -1/2+z; (ii) X, y, 1+z; (iii) X, 1/2-y, 1/2+z.

Table S13. Structural parameters (A, °) of TT-11 interactions of compound 2./

Ring---Ring® a DC B DZ
1C—2C(i) 2422(8)  4.0272(11) 12.1 3.2464(7)
2C-1C(ii) 2422(8)  4.0272(11) 36.3 3.9387(7)

B{ISymmetry: (i) x, 1/2-y, -1/2+z; (ii) x, 1/2-y, 1/2+z. a: dihedral angle between mean planes of the rings (°),
DC: distance between ring centroids (A), B: angle between DC vector and normal to plane(l) (°), DZ:
perpendicular distance of the centroids of the ring(l) on the plane of ring(ll) (A). [b] Rings: 1C: N1C, C2C,
C3C, C4C, C5C, C6C; 2C: N10C, C9C, C8C, C7C, C12C, C11C.
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Figure S10. Packing of compound 2 showing the intersecting chains. Each colour
represents each of the chains. Inset shows the established -1 stacking
interactions between of 4,4 -bipyridine aromatic rings.

Figure S11. Twisted angle between the aromatic rings of a bridging bipy molecule in 2.



Figure S12. Image of compound 2 showing the interchain connections mediated by the
lattice water molecule.

Table S14. Selected bond lengths for compound 3 (A).[2!

Cd1-O1A 2.2678(12) Cd1-N1A() 2.3068(13)
Cd1-O1A(i) 2.2679(12) Cd1-N1B 2.3741(18)
Cd1-N1A 2.3068(13) Cd1-N1B()) 2.3741(18)

[{ISymmetry codes: (i) 1-x, -y, 1-z.

Table S15. Structural parameters (A, °) of hydrogen bonds in compound 3.

D—H--Alé] D—H H--A D--A D—H-A
O1w-H11W---02A 0.85 2.08 2.919(3) 169.1
O1w-H12W---02A()) 0.85 1.94 2.790(2) 173.1
N61B-H61B--O1w(ii) 0.86 2.16 2.978(4) 157.7

[al D: donor. A: acceptor. Symmetry codes: (i) x, -3/2-y, -1/2+z; (ii) -1+x, -3/2-y, -1/2+z.

Table S16. Structural parameters (A, °) of T1-11 interactions of compound 3.1
Ring---Ring® a DC B Dz
1A-1A() 4.62(17) 4.4140(3) 35.5 3.5911(15)

[BISymmetry: (i) x, 1/2-y, -1/2+z. a: dihedral angle between mean planes of the rings (°), DC: distance
between ring centroids (A), B: angle between DC vector and normal to plane(l) (°), DZ: perpendicular
distance of the centroids of the ring(l) on the plane of ring(ll) (A). [b] Rings: 1A: N1A, C2A, C3A, C4A, C5A,
CBA.
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Figure S13. Fragment of a single-chain of compound 3 with the coordination polyhedra.
Color code: C = grey, H = pink, Cd = green, N = blue, O = red.

Figure S14. Rods of compound 3 stacked by -1 interactions between 6apic molecules.



Figure S15. Connectivity between chains in compound 3 by the lattice water molecule by
hydrogen-bonds.

Table $17. Selected bond lengths for compound 4 (A).!

Cd1-N1B 2.2969(17) Cd2-N1A 2.2923(16)
Cd1-N1B(i) 2.2969(17) Cd2-N1A(ii) 2.2924(16)
Cd1-01B 2.2680(14) Cd2-01A 2.3129(15)
Cd1-01B(i) 2.2679(14) Cd2-O1A(ii) 2.3129(15)
Cd1-N1C 2.4460(18) Cd2-02B 2.2802(15)
Cd1-N1C()) 2.4460(18) Cd2-02B(ii) 2.2802(15)

[[ISymmetry codes: (i) 1-x, -1-y, 1-z; (ii) 1-x, y, 1/2-z.

Table S18. Structural parameters (A, °) of hydrogen bonds in compound 4.

D_H...A[a] D—H H--A DA D—H---A
N61A-H61A---O2B 0.86 2.06 2.891(2) 162.0
N61B-H61D---O2A(i) 0.86 2.07 2.862(2) 152.9

[l D: donor. A: acceptor. Symmetry codes: (i) -1/2+x, -1/2+y, 1/2+z.



Table S19. Structural parameters (A, °) of T1-11 interactions of compound 4.1

Ring---Ring® a DC B Dz
1A-1B()) 10.70(10)  3.7009(12) 25.8 3.3319(8)
1B-1A(i) 10.70(10)  3.7009(12) 224 3.4218(8)
1C-1C(ii) 9.24(10)  3.7305(12) 8.4 3.6906(9)

BISymmetry: (i) 1/2-x, 1/2-y, 1/2-z; (i) 3/2-x, y, 1-z. a: dihedral angle between mean planes of the rings (°),
DC: distance between ring centroids (A), B: angle between DC vector and normal to plane(l) (°), DZ:
perpendicular distance of the centroids of the ring(l) on the plane of ring(ll) (A). [b] Rings: 1A: N1A, C2A,
C3A, C4A, C5A, C6A; 1B: N1B, C2B, C3B, C4B, C5B, C6B; 1C: N1C, C2C, C3C, C4C, C5C, C5C.
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Figure S16. View down the a axis of compound 4 showing the efficient 3D packing
sustained by - and hydrogen bonding interactions. Insets provides a
better view of the interactions that give rise to such efficient packing.



Table S20. Selected bond lengths for compound 5 (A).

Cd1-N1A 2.312(5) Cd2-N1D 2.371(5)
Cd1-O1A 2.333(4) Cd2-01D 2.273(4)
Cd1-N1B 2.368(4) Cd2-N1E 2.325(4)
Cd1-01B 2.282(4) Cd2-O1E 2.327(4)
Cd1-N1C 2.301(5) Cd2-N1F 2.311(5)
Cd1-N13C()) 2.330(5) Cd2-N13F(ii) 2.344(4)

[BISymmetry codes: (i) x. -1+y, z; (ii) x, -1/2-y, 1/2-z.

Table S21. Structural parameters (A, °) of hydrogen bonds in compound 5.

D—H--- Al D—H H--A DA D—H-A
N61A-H61B---06w(i) 0.86 2.01 2.869(6) 175.4
N61B-H61D---O5w(ii) 0.86 2.09 2.894(7) 155.1
N61D-H61F---O1w(iii) 0.86 2.01 2.867(6) 174.6
N61E-HB1H:--02w(iv) 0.86 2.04 2.873(6) 163.3
O1w-H1wA---O3w 0.86 1.98 2.799(6) 157.7
O1w-H1wB---O1w 0.86 2.00 2.856(5) 172.7
O2w-H2wA---03w 0.85 2.00 2.837(6) 165.5
O3w-H3wA---02A 0.86 1.95 2.795(5) 169.7
O3w-H3wB:--02D(v) 0.85 1.98 2.829(6) 175.4
O5w-H5WA---Odw 0.88 2.00 2.842(6) 159.2
O5w-H5wWB---06w 0.86 1.94 2.768(6) 160.6
OBw-HBWA-O7w 0.85 1.84 2.681(6) 169.6
O6w-H6WB--02B 0.85 1.91 2.727(6) 161.8
O7w-H7wA---02A(iii) 0.86 1.96 2.797(7) 164.0
O7w-H7wB---O2E 0.85 1.96 2.781(6) 160.6

8l D: donor. A: acceptor. Symmetry codes: (i) 1-x, -1/2+y, 1/2-z; (ii) X, 1/2-y, -1/2+z; (iii) x, 1/2-y, 1/2+z; (iv)
2-x, -1/2+y, 1/2-z; (v) X, -1/2-y, -1/2+z.



Table S22. Structural parameters (A, °) of TT-1 interactions in compound 5.

Ring---Ring® a DC B Dz
1A-1A() 0.0(3) 3.933(4) 29.5 3.424(2)
1E-1E(ii) 0.0(3) 3.491(4) 8.422.5 3.225(2)

[ISymmetry: (i) 1-x, -y, -z; (i) 2-x, -y, 1-z. a: dihedral angle between mean planes of the rings (°), DC:
distance between ring centroids (A), B: angle between DC vector and normal to plane(l) (°), DZ:
perpendicular distance of the centroids of the ring(l) on the plane of ring(ll) (A). [b] Rings: 1A: N1A, C2A,
C3A, C4A, C5A, C6A; 1E: N1E, C2E, C3E, C4E, C5E, C6E.

= C

Figure S17. Fragment of the structure of compound 5 that shows the second equivalent
chain together with the coordination polyhedron.



Figure S18. View of two intersecting chains in compound 5.

m—r interactions

Figure S19. Packing of compound 5 hold by 1r-11 stacking interactions and the hydrogen-
bonding network established by the lattice water molecules. Insets show a
better view of the -1 stacking interactions and the hydrogen-bonding
network.



S7. Photoluminescent measurements
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Figure S20. Excitation and emission spectra of H6apic recorded at room temperature.
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Figure S21. Emission spectra of free H6apic and bipyridyl co-linkers employed for the
construction of the CPs at room temperature (Aex = 325 nm).
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Excitation spectra compounds 1-5 monitored at room temperature (Aem = 390
nm) together with the calculated excitation for the model of compound 2.
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Delayed-emission spectra of compound 1-5 recorded at room temperature
(Aex = 325 nm).
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Figure S24. Emission spectra of compound 2 at 10 K excited with a laser at 325 nm.

At this temperature, 10 K, decay curves were collected at two representative wavelengths of
the fluorescence and phosphorescence of the sample. The first measurement was performed at
408 nm and not at 388 nm (the most intense maximum of the main band) due to its proximity to
the excitation source wavelength (370 nm, a pulsed laser diode).

1000

100

Intensity (counts)

10 4

t (ns)
Figure S25. Decay curve of compound 2 recorded at an emission wavelength of 406 nm
excited at 370 nm.



Table S23. Best fit results of decay curves of compound 2 measured at an emission wavelength

of 406 nm.
Temperature (K) 11 (ns) 15 (ns) Chi Sq.
298 0.3(3)/ 16.0% 3.5(1) / 84% 1.252
a) b)
1000 - 105
T, = 6 ms (45%) T=298K 7, = 6 ms (5%) T=10K
t, = 45 ms (65%) . =32ms t, = 83 ms (95%)  =79ms
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Figure S26. Decay curves of compound 2 recorded at an emission wavelength of 560
nm excited at 325 nm at (a) room temperature and (b) 10 K.

Table S24. Best fit results of decay curves of compound 2 measured at an emission wavelength

of 560 nm.
Temperature (K) 71 (ms) T2 (ms) Chi Sq.
298 6.1(1)/45% 45.1(1)/ 65% 1.397
10 5.8(1) /5% 82.7(1) / 95% 1.282




S8. DFT calculations

The main excitation energies have calculated by means of TD-DFT calculations on the optimized
model consisting of the monomeric complex cut from compound 2 and the simulated spectrum
has been compared with the diffuse reflectance spectrum in order to guess the mechanism

followed during the photoluminescence process.
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Figure S27. Diffuse reflectance (solid line) and TD-DFT computed absorption (dotted
line) spectra of compound 2 showing the most relevant excitation lines.

Taking into account that the diffuse reflectance spectrum shows a wide band covering the 220-
380 nm range in which two different bands can be guessed, which peak at similar wavelengths
to those shown in the excitation spectrum of the compound. The calculated bands, slightly blue-
shifted with respect to the experimental ones, have been used for the interpretation of the

photoluminescence process.
Table $25. Experimental (diffuse reflectance) and calculated main excitation wavelengths (nm).
Singlet electronic transitions and associated oscillator strengths were calculated using a model of

compound 2 in gas phase.

Exp. A Calc A Significant contributions State Osc. st. (a.u.)
330 312 HOMO — LUMO + 2 (84%) 12 0.1343
HOMO - 13 — LUMO (43%)
250 262 51 0.9825
HOMO - 14 — LUMO + 1 (43%)




HOMO - 14 HOMO - 13

LUMO LUMO +1 LUMO +2

Figure S28. Highest Occupied and Lowest Unoccupied Molecular Orbitals involved in the
singlet excitations of a suitable model of compound 2 .



Table $26. Experimental and calculated main excitation wavelengths (nm) at 10 K. Singlet
electronic transitions and associated oscillator strengths were calculated using a model of
compound 3 in gas phase.

Exp. A Calc A Significant contributions State Osc. st. (a.u.)

HOMO — 5 — LUMO + 1 (42%)
338 314 15 2.1458
HOMO — 4 — LUMO (55%)

LUMO LUMO+1

Figure S29. Highest Occupied and Lowest Unoccupied Molecular Orbitals in compound
3 involved in the single excitation charge transitions.



Table S27. Experimental and calculated main emission wavelengths (nm) at 10 K. Singlet
electronic transitions and associated oscillator strengths were calculated using a model of
compound 3 in gas phase.

Exp. A Calc A Significant contributions Osc. st. (a.u.)
HOMO -4 — LUMO (95%)
343 1.2726
391 HOMO - 8 — LUMO (3%)
353 HOMO -5 — LUMO (97%) 1.3671

HOMO-4 LUMO

Figure S30. Highest Occupied and Lowest Unoccupied Molecular Orbitals in compound
3 involved in the single emission charge transitions.



S9. Sensing experiments
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Figure S31. Comparative PXRD diffractograms acquired for the recovered solid of
compound 2 from aqueous solutions at variable pH to confirm the stability.
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Figure S32. Fluorescent intensity of compound 2 at an emission wavelength of 393 nm
dispersed in water according to different concentrations of Zn?* ion (Aex =

340 nm).
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Figure S33. Comparative photoluminescence data for the water dispersed samples of
compound 2 with and without metal ions in the form of: a) excitation and b)
emission spectra.
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Figure S34. Plots showing the intensity of the main PL emission band (Aem = 340 nm) of
compound 2 before and after each soaking in the corresponding aqueous
solution (left: Fe*(aq) and right: Zn?*(aq)) during three consecutive cycles.
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Figure S35. Diffraction patterns of compound 2 after being soaked for 24 hours in
aqueous solutions containing Fe®* (yellow) and Zn?* (purple).
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Figure S36. Simultaneous representation of absorbance spectrum of Fe3* aqueous
solution (yellow) and excitation spectrum of compound 2 (Aem = 390 nm)
(blue).

In order to further study the Fe** and Zn?* sensing performance of compound 2, the
photoluminescence excitation and emission spectra were measured with the same
experimental setup, finding that the interaction with these target ions does not affect
the excitation and emission bands:
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a) b)
Figure S37. Comparative photoluminescence data for the water dispersed samples of
compound 2 with and without metal ions in the form of: a) excitation and b)
emission spectra.

However, the presence of these ion brings a notable effect in the emission lifetime.
Although the signal is composed of two well distinguished components (with a live
difference of one order of magnitude) in the logarithmic plots and this nature is kept in
the presence analytes, the weights of these components clearly vary for the sensor
during the detection. On the one hand, the quenching of Fe3* ion on compound 2
promotes a decrease of the long-lived component bringing an overall increase of the
lifetime. On the other hand, the addition of Zn?* ion to the dispersion generates a
substantial enlargement of the lifetime. This behaviour is in agreement with trends
observed during the titration experiments.
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Figure S38. Decay curves of water dispersions of compound 2 (2@H20) recorded at Aem
= 380 nm and Aex = 340 nm room temperature for: a) blank (metal ion free)
dispersion, b) Zn?*-containing dispersion (2@Zn%**(aq) and c) Fe®-
containing dispersion (2@Fe®*(aq).



Potential interaction site

Figure S39. Fragment of the 3D packing of 2 showing the potential interaction site with
metal ions based on a non-bonding carboxylate oxygen atom.
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Figure S40. UV-Vis absorption spectra of compound 2 dispersed in water (blue line) and
Zn?*(aq) (grey line) solutions.
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Figure S41. Diffraction patterns of compound 2 after the third soaking cycle into Fe3*(aq)
(yellow) and Zn?*(aq) (purple) solutions.
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Figure S42. Captures of the X-ray fluorescence analysis performed over dried samples

of compound 2 after the third soaking cycle into Fe®*(aq) (blue) and Zn?*(aq)
(green) solutions, showing: (a) main characteristic lines of Cd and (b) 26
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Table S28. A comparison of the Stern-Volmer constant (Ksv) and limit of detection (LOD) for Fe3*
by reported sensors.

LOD

Compound Ksv (M) (M) Medium Ref.
{[Cua(ttpa)2][Cu(BPTC)]-3H20-DMF}q 3.82x 103 2.59 H20 !
[ZnL(Bipy)]-0.5H20 7.83x 103 - H20 2
[Zn2(tpeb)(bpdc)2]n 1.33 x 10* 0.88 H20 3
{[Zn(tba)z]-DMA}n 4.85 x 10* - DMF 4
{[Zns(mtrb)s(btc)2]-3H20}n 6.50 x 10° 1.78 H20 5
{[Cds(itp)2(btc)2]-4H20}n 5.88 x 10* 0.12 EtOH 6
{[Cd(Hbptc)]-H20}n 2.56 x 10° 35 DMF 7
{[Cd(bmima)o.s(atp)(H20)]:DMF-0.5H20}x 3.16 x 10* 1.92 H20 8
{[Euz(L)2(H20)2]-5H20-6DMAC}n 5.94 x 103 0.01 H20 ®
{[Eu(BCB)(DMF)]-(DMF)1.5(H20)2}n 2.35x 10* 1.78 H20 10
Eud*@MIL-53-COOH(AI) 512 x 103 0.5 H-0 1
{Eu(L)(BPDC)0.5(NOs)]-H3O}n 5.16 x 10* - DMF 12
{Tb(L)(BPDC)0.5(NO3)]-H3O}n 4.30 x 10* - DMF 12
{[Tb(tcmb)(H20)2]-2H20}n 1.49 x 10* 0.67 H20 13
Compound 2 1.56 x 10* 7.20 H20 This work
Compound 2@paper 7.53 x 10% 0.24 H20 This work

Table $29. A comparison of the Stern-Volmer constant (Ksv) and limit of detection (LOD) for Zn?*
by reported sensors.

Compound Ksv (M) LOD (uM) Medium Ref.
{[Cd(btic)(phen)]0.5H20}x 1.81 x 10* 417 H20 14
{[Cds(btdc)3(DMF)2(EtOH)2]- 2EtOH-2H20}n - - MeOH 15
D-P6 - 0.03 H20 16
2-(4,5-diphenyl-1H-imidazol-2-yl)-4- - 0.027 H20 17
phenylquinoline (DIPQ)
2,4-dibromo-6-((quinolin-8- - 0.14 H20 18
ylimino)methyl)phenol
Carbon dots - 0.05 H20 19

Compound 2 1.6x108 350 H20 This work



S$10. TD-DFT and DFT calculations on the interaction of Zn?* with compound
2

The structure of the [Cd(6apic)2(bipy)2] complex with a coordinated Zn?* cation
was first optimized and a TD-DFT calculation was performed on that optimized
fragment (Figure S49) to compare with the result of the initial calculation.

Figure S43. Model of optimized compound 2 with a coordinated zinc cation (2+Zn).

As observed in the following results, the presence of the coordinated zinc ion does not
strongly shift the absorption bands of the compound but it significantly increase the
oscillator strengths.
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Figure S44. Comparison of the TD-DFT computed absorption spectra for the optimized
[Cd(Bapic)z(bipy)2] model of compound 2 in the absence or presence of
zinc(ll) ion.



In view of the turning-on luminescence response of compound 2 in the presence of Zn?*
ion in aqueous solution, the interaction between the ion and a representative fragment
of the complex was computed. For the calculation of the energy, we assumed that Zn?*
ion exists in the form of hexaaquocation, and that a partial replacement of a coordinated
water molecule by the non-chelating carboxylate oxygen atom of a 6apic ligand will take
place during the reaction summarized in the following scheme:

H HC—
HEN\C/C\C\H // \\CH
0 H,N—
\ o NHa\ OH \ —C
6 \/ " HO._ | ;OHZ \c/o T/
/ /7(1\ , /Z|n\ — > I \Cd /C——=o + 2 Ho0
c H,0 OH
S 2 ~
Hc\\/ I O’/C\O o HC/C%TH/N/ \NHS HZO\ZHTOHZ
3 H,0
NG \\ Ho O
\ﬁ e HC\C/C\NHQ ’
H
[Cd{6apic),(NH;),] [Zn(OH,)gl** [Cd(Bapic)y(NH3),]--[Zn(OH,)g]** H,0

Figure S45. Schematic view of the computed reaction performed to estimate the
interaction energy between compound 2 and the aqueous zinc cation.

The calculations were performed at DFT level of theory, with the B3LYP
functional and the def2-QZPV basis set for all non-metal atoms The main results
of this reaction are given in the following table:

Table S30. Main computed thermodynamic results of the ligand substitution reaction.

Compound S (cal mol* K) An’:)flf)‘] An‘?of_}f)J An?ol('}f)\]
Reaction global parameters - -0.11 0.16 -47.01
[Cd(6apic)z(NHa3)2] 174.537 - - -
[Zn(OH2)s]?* 136.943 - - -
[Cd(6apic)2(NH3)2] -+ [Zn(OH2)e]?* 250.983 - - -
H-0 45.141 - - -

In view of these results, it may be concluded that the reaction is entropy-driven,
probably as a consequence of the variable solvation ability of the species in the
aqueous medium.



S11. Sensing in PADs
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Figure S46. PXRD of compound 2 deposited in paper. The observed broad humps
comes from the amorphous nature of cellulose.
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Figure S47. SEM images of compound 2 supported on cellulose showing frontal images
(a) and a transversal image (b).
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Figure S48. Fluorescence (left) and phosphorescence (right) emission spectra of
2@paper at room temperature excited at 340 nm.
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Figure S49. Micro-PL images taken on compound 2@paper excited at different
wavelengths at room temperature.
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Figure S51. Evolution of the (a) fluorescent and (b) phosphorescent bands for the PAD
before and after being immersed in solutions of tap water with 2.5 10° M of
Fe®* ion.
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