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1. Materials and Methods 

1.1. Apparatus 

Scanning electron microscopy (SEM, sigma300, Zeiss, Cambridge, UK) and Transmission electron 
microscopy (TEM, Hitachi H-600, Hitachi, Tokyo, Japan) were appliedto observe the surface morphology and 
microstructure. X-ray photoelectron spectroscopy (XPS, Thermofisher ESCALAB Xi+, Thermo Fisher Scientific, 
East Grinstead, UK) were performed to analyze chemical structures and surface elemental composition. X-ray 
diffraction (XRD, Bruker D8 Advance, Cu Kα source, λ = 1.54 Å, Bruker, Karlsruhe, Germany) was carried out 
to investigate the phase structure. The Raman spectra of GO, NH2-MIL-125, and NH2-MIL-125@rGO 
nanocomposites were obtained using a Renishaw RM2000 microscope (Renishaw, Gloucester, UK) operating at 
a laser excitation wavelength of 514.5 nm. 

1.2. Preparation of Graphene Oxide 

Add 100 mL concentrated sulfuric acid to a 250 mL round-bottomed flask containing 2 g graphite powder, 
stirring at room temperature for 3~4 h. Place it in an ice-water bath, add 6 g KMnO4 uniformly, and the reaction 
becomes a paste after 12 h. Subsequently, add 100 mL of ultrapure water drop by drop and control the exothermic 
temperature at about 40 °C. Stir for another 3 h at room temperature, and finally pour the above solution into a 
large beaker and add 400 mL dilute hydrochloric acid, add H2O2 while stirring until the solution becomes light 
yellow, leave to precipitate, pour off the supernatant, wash the precipitate repeatedly with dilute hydrochloric acid, 
detect SO4

2− in the supernatant with BaCl2 solution to determine whether it contains Mn7+, and finally centrifugal 
wash with acetone for three times, and then the product was transferred to the sample bottle, and added into the 
ultrapure water for backup. 

2. Figures 

The supplementary materials provide additional physicochemical characterization and electrochemical data 
for the NH₂-MIL-125@rGO composite and its application in Ca2+-ISE. The supplementary data include elemental 
composition and distribution, X-ray photoelectron spectroscopy (XPS) analysis, electrochemical impedance 
spectroscopy (EIS), potentiometric performance, long-term stability, water-layer formation, measurement 
repeatability, morphological characterization, and surface wettability. Comparisons with previously reported Ca2+-
ISEs and the corresponding equivalent-circuit fitting parameters are also provided. Collectively, these results 
complement the findings presented in the main text and provide further support for the structural characterization 
and electrochemical evaluation of the developed electrode. 
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Figure S1. EDS and mass and atomic percentage elements of NH2-MIL-125@rGO. 

 

Figure S2. Elemental mapping images C, N, O and Ti in the NH2-MIL-125@rGO. 

 

Figure S3. (a) XPS spectra of NH2-MIL-125 and (b,c) XPS spectra of N 1s and O 1s at NH2-MIL-125; (d) XPS 
spectra of NH2-MIL-125@rGO and (e,f) XPS spectra of N 1s and O 1s for NH2-MIL-125@rGO. 
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Figure S4. (a) Impedance spectra of Ca2+-ISE, NH2-MIL-125/Ca2+-ISE and NH2-MIL-125@rGO/Ca2+-ISE in 0.1 M 
CaCl2 aqueous solution. Insets represent the equivalent electrical circuits. Rs is the resistance of the solution. Rct is 
the volume resistance of ISM and the contact resistance between the SC/ISM interface, controlling the semi-circle 
diameter. CPE is double-layer capacitance. Zw is the “classical” finite-length Warburg impedance identified with 
the linear portion of the impedance spectra that appears at the lower frequencies [1]; (b) Impedance spectra of 
rGO/Ca2+-ISE and GO/Ca2+-ISE. 

 

Figure S5. (a,b) Potential response and calibration curves of GC/Ca2+-ISE to Ca2+ at concentrations ranging from 
10−9~10−1 M. 

 

Figure S6. Potential response test of Ca2+ for seven consecutive days by NH2-MIL-125@rGO/Ca2+-ISE. 
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Figure S7. Aqueous test curves of (a) Ca2+-ISE and (b) NH2-MIL-125/Ca2+-ISE and (c) NH2-MIL-125@rGO/Ca2+-
ISE in 0.1 M CaCl2 or 0.1 M NaCl solution (red lines are horizontal lines, The black line is the test line). 

 

Figure S8. (a) NH2-MIL-125@rGO/Ca2+-ISE electrode potential response diagram repeated 5 times in 10−1~10−4 M 
CaCl2 solution and (b) potential calibration curve. 

 

Figure S9. (a) TEM images of NH2-MIL-125 and (b) NH2-MIL-125@rGO. 

 

Figure S10. Water contact angle of (a)NH2-MIL-125 and (b) NH2-MIL-125@rGO. 
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Table S1. Comparison of the potentiometric performance of the NH2-MIL-125@rGO based Ca2+-ISEs with the 
reported other materials Ca2+-ISEs. 

Solid-Contact Materials ISE Potential Drift (μV/s) Capacitance Linear Range (M) LOD (M) Ref. 
NiCo2S4 Ca2+-ISE 1.7 μV/s 565 μF 10−6–10−1.5 10−6.3 [2] 

GO-ODA Ca2+-ISE - - 10−6.5–10−3 10−6.8 [3] 
MXene (Ti3C2Tx) Ca2+-ISE 4.0 μV/s 250 μF 10−5.5–10−1 10−6.1 [4] 

SWCNHs Ca2+-ISE 43.0 μV/s 23.26 μF 10−6–10−2 10−6.1 [5] 
rGO/Ag@AgCl/TMMCl Ca2+-ISE 5.87 μV/s 170.36 μF 10−6–10−3 10−6.8 [6] 

Ag@AgCl/TMMCl Ca2+-ISE 13.3 μV/s 75.2 μF 10−6–10−2 10−6.5 [7] 
NMC Ca2+-ISE - 286.36 μF 10−6–10−2 10−5.5 [8] 
RGO Ca2+-ISE - 38.61 μF 10−6–10−2 10−5.6 [8] 
CNT Ca2+-ISE - 39.98 μF 10−6–10−2 10−5.6 [8] 

NH2-MIL-125@rGO Ca2+-ISE 4.5 μV/s 222 μF 10−7–10−1 10−7.2 This work 

Notes: SWCNTs, single-walled carbon nanotubes; NMC, nitrogen-doped mesoporous carbon; RGO, reduced graphene oxide; 
CNT, Carbon nanotubes; GO-ODA, octadecylamine-functionalized graphene oxide; rGO/Ag@AgCl/TMMCl, reduced 
graphene oxide and Ag@AgCl/TMMCl composite; Ag@AgCl/TMMCl, core-shell Ag@AgCl nanoparticles and 1-tetradecyl-
3-methylimidazolium chloride inorganic redox buffer; MXene, two-dimensional layered transition metal carbides/nitrides; 
SHTi3C2, superhydrophobic Ti3C2. 

Table S2. Detection limits comparison of Ca2+-ISE based on NH2-MIL-125@rGO with solid contact ion-selective 
electrodes constructed with other MOF’s composites. 

Solid-Contact Materials ISE Linear Range (M) LOD (M) Ref. 
BGO/AlFu MOF Br−-ISE 10−7–10−1 10−7.15 [9] 
MWCNT/NPC Ca2+-ISE 10−8–10−3 10−8.8 [10] 

NH2-MIL-125@rGO Ca2+-ISE 10−7–10−1 10−7.2 This work 

Table S3. The best equivalent circuit and the corresponding parameters for the developed electrodes were as follows. 

Electrode Rs Rct CPE Zw 
Ca2+-ISE −15,400 208,730 1.773 × 10−11 6,482,900 

NH2-MIL-125/Ca2+-ISE −8371 100,030 6.606 × 10−11 900,670 
NH2-125@rGO/Ca2+-ISE −4419 46,266 2.097 × 10−10 1,309,500 
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