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DFT Theoretical calculation

The theoretical calculations were performed using Gaussian 09 program. The grafted bis-Schiff
base was chosen as the computation model. Full geometrical optimization of the complex was
carried out using the B3LYP functional of the density functional theory (DFT) calculation method
without any symmetry constraints, C, H, O, N atoms were described by 6-3 G(d, p) basis set, SDD
relativistic pseudo-potentials was applied for the simulation of Cu?* ions [1]. Natural bond orbital
(NBO) analysis was simulated by the level of theory with B3LYP/6-311++G (d, p) [2].

The binding energy was determined according to the difference between the total energy of
complex, and the energy of isolated bis-Schiff base ligand and Cu?*.
AE=E(complex) —[E(adsorbent) + E(Cu®")] €))
where F is the total energy calculated using the single-point energy calculations on the basis of the

geometry optimization (B3LYP/6-311+G (d, p) level, SDD for metal ions).



Table S1 Textural and structural properties of SBA-15, MS-DEA, MS-CSA and MS-NSP.

BET surface area Pore volume Pore diameter
Samples
(m?g) (mL/g) (nm)
SBA-15 687 1.02 5.1
MS-DEA 300 0.57 4.5
MS-CSA 168 0.34 4.4
MS-NSP 122 0.27 4.2

Table S2 Comparison of the detection limit of MS-NSP toward Cu?* with other reported

fluorescence nanosensors.

Nanosensor lons Detection Limit ~ References
Naphthalimide modified SBA-15 Cu? 1.0x10°M [3]
BODIPY incorporated magnetic nanomaterial Cu? 1.0x10°M [4]
5-Methoxy-2-thiazole grafted SBA-15 Cu? 1.0x10°M [5]
Anthracene modified mesoporous silica Cu?* 2.0x108 M [6]
Schiff base-grafted mesoporous silica Cu?* 0.8x107° M [7]
Naphthalimide-functionalized magnetic
. Cu2* 2.8x107 M [8]
nanoparticles
Table S3 Kinetic equation constants
Pseudo-first-order Pseudo-second-order
Tons o = o o =
Cu** 0.02752 0.8707 0.0076 23.81 0.991




Table S4 Langmuir and Freundlich isotherm model parameters.

Metal ion Langmuir model Freundlish model
K. Qum RZ /n Kr RZ
Cu2+
0.012 58.45 0.9939 0.5414 2.437 0.9788

Table SS Binding energy and bond length for bis-Schiff base complex.

Binding energy Bond length (A)
complex
(kcal/mol) N-Cu O—Cu
ligand with Cu?* —407.8 1.94 2.01

Table S6 NBO partial charges, electron configurations and dipole moments for bis-Schiff

base.
NBO partial charges Dipole moment
complex Cu?" Electron Configuration®
Ligand Cu?* (DY
ligand with Cu?* 0.97 1.03 4803539344 p0-28440.01 3.61

“Ground-state electron configuration of free Cu?" is 3d°.

’Dipole moments of free Schiff base ligand is 3.37 D.



a dd d
R Y & d
. o>s. -1 dA~d~—N N=d A d :
—O a/\t INFeon Ho 2~ ¢

r—?—\
£ b
e
:.ZU 2(.)0 1 éU 1 (:)0 1:}0 1 ?.,0 1 (.JO 8.0 (:U 4.0 2.0 (-) —Z;U JJ.H

[T {ppm)

Fig. S1 3C CP-MAS NMR spectrum of MS-NSP.
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Fig. S2 Low-angle XRD patterns of pristine SBA-15 and MS-NSP
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Fig. S3 Cu2p XPS spectrum of Saloph(Cu)-SBA.
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Fig. S4 Zeta potential of MS-NSP as a functional of pH values.
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Fig. S5. The change of UV—vis absorption spectra of MS-NSP (0.25 mg/mL) in water upon

addition of Cu?* with different concentrations (0—4 mg/L) at 25 °C.
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Fig. S6 Stern—Volmer plots for the fluorescence-intensity quenching by Cu?* with MS-NSP at

three different temperatures (25 °C, 35 °C and 45 °C).
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Fig. S7 Effect of pH on the adsorption capacity of MS-NSP for Cu?" at 25 °C (MS-NSP: 1
mg/mL; initial Cu?* concentration: 100 mg/L; 24 h).
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Fig. S8 Pseudo-first order kinetic curves for Cu?* adoption on MS-NSP.
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Fig. S9 Freundlish model plots for the adsorption of Cu?* onto MS-NSP.
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Fig. S10 Low-angle XRD patterns of regenerated MS-NSP after adsorption of Cu?*.
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