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§ S-1. Additional experimental details
X-ray diffraction (XRD) measurements were carried out using a Bruker AXS D8 Advance Plus diffractometer equipped with a Göbel mirror and a CuKα X-ray source (λ = 1.54051 Å), powered at 40 kV and 40 mA. Analyses were performed in glancing incidence mode (θi = 1.0°) with a step size of 0.06° and an acquisition time of 4 s/step.

Metal oxide loading quantification on the electrodes exploited inductively coupled plasma mass spectrometry (ICP-MS) analysis performed on Agilent series 7700x instrument (Agilent Technologies International Japan, Ltd., Tokyo, Japan) using previously reported operating conditions1. A portion of the electrode was treated with 0.365 mL of 69% nitric acid (Fluka) in ultrasonic bath for 30 min. This solution was diluted to 10 mL with ultrapure water, filtered on 0.2 µm RC membrane (Phenomenex, Phenex 4 mm syringe filter), and analyzed by ICP-MS.

	

	Analyte
	Methodology
	Calibration range
	Retention time
	LOD (3σ)

	NH4+
	Ion chromatography, Dionex™ IonPac CS12A (2x250 mm) + CG12A (2x50 mm) columns
	0.05-10 mgL-1
	6.85 min
	3 µgL-1

	NO2-
	Ion chromatography, Dionex™ IonPac AS11-HC (2x250 mm) + AG11-HC (2x50 mm) columns
	0.1-10 mgL-1
	4.85 min
	5 µgL-1


Table S1. Performance parameters of the ion chromatographic procedure used for the determination of ammonium and nitrite in the analyzed aqueous solutions. For the validation of the adopted analytical procedure, the reader is referred to previous references2,3 regarding the use of ion chromatography in environmental analyses.

Mott–Schottky analysis was performed in the 10510–1 Hz frequency range, with 1/CP2 calculated at 3 KHz according to the formula:
 
where Cp is the depletion layer capacity, Z’ and Z” are respectively the real and imaginary parts of the impedance,  is the frequency and Rs is the cell resistance.


§ S-2. Characterization 
§ S-2.1 SEM investigation
[image: ]
Figure S1. SEM image of the bare CC substrate showing interwoven carbon fibres. Inset: higher magnification micrograph. (b) SEM image of gCN powders.


§ S-2.2 XRD analysis
[image: ]
Figure S2. XRD patterns for two representative oxide@gCN specimens and for the bare carbon cloth (CC). In all cases, only signals attributable to the CC support could be observed.


§ S-2.3 TEM analysis
[image: ]
Figure S3. (a) Low magnification HAADF-STEM image of the NiFe2O4@gCN sample. (b) HAADF-STEM image and simultaneously acquired EDXS elemental maps for C, Fe, Ni and O, along with an overlayed color image. Scale bar: 30 nm. (c-d) BF-HRTEM images of NiFe2O4 NPs on gCN. The magnified images framed by white boxes show nanoparticles oriented along main [001] and [110] crystallographic zone axes of the cubic NiFe2O4 structure4. The FT pattern is also given as inset in (c).


§ S-2.4 XPS analysis
The main photoelectron peaks for a bare gCN specimen supported on CC are displayed in Figure S3. For the C 1s peak (Figure S4a), spectral deconvolution evidenced four main components. The intense one, at 284.8 eV, was due to adventitious contamination and C-C bonds from the substrate. The band at 285.9 eV was related to C atoms bonded to gCN amino groups, whereas the peak centered at 288.4 eV was ascribed to both N-C=N moieties from gCN and carbonyl groups from the carbon cloth. The signal located at 289.3 eV was traced back to carboxylate/ester groups from the substrate5-8. The weaker signal at 292.5 eV was due to collective π-electron excitations9,10. For the N 1s signal (Figure S4b), the component at 398.9 eV was assigned to nitrogen belonging to C=N–C moieties in gCN, whereas the ones located at 399.7 eV and 401.0 eV were due to gCN three-coordinated N atoms and uncondensed amino groups, respectively. The weak feature at 404.8 eV is due to the excitation of  electrons5-8. The O 1s peak (Figure S4c) included two contributions at 531.9 eV and 533.3 eV: the former arose from –OH surface groups and carbonyl/carboxylate/ester ones from the CC substrate, whereas the latter was due to adsorbed H2O5-7.


[image: ]
Figure S4. (a) C 1s, (b) N 1s and (c) O 1s photoelectron signals for the bare gCN specimen grown on CC substrate. Elemental quantification yielded the following atomic percentages: C = 58.2 at.%; N = 38.3 at.%; O = 3.5 at.%. 


[image: ]
Figure S5. (a) Ni 2p and (b) Fe 2p photoelectron signals for the NiFe2O4@gCN sample. (c) Fe 2p signal for the Fe2O3@gCN specimen. For the target peaks, the fitting was carried out according to Biesinger et al.11, yielding results well supporting the occurrence of NiFe2O4 (a,b) and Fe2O3 (c), along with the presence of Ni(II) and Fe(III) centers. For NiFe2O4@gCN, deconvolution of the Ni 2p3/2 signal and its shake-up satellite involved five components centered at 855.0, 856.3, 861.4, 865.9 and 868.7 eV, whereas fitting of the Fe 2p3/2 peak was carried out with four contributions at 710.0, 711.3, 712.7 and 714.3 eV. As far as the Fe 2p3/2 signal of Fe2O3@gCN is concerned, spectral deconvolution involved five components at 709.8, 710.7, 711.4, 712.3 and 713.3 eV. 



§ S-2.5 REELS analysis
[image: ]
Figure S6. REELS spectra for bare CuFe2O4, NiFe2O4, Fe2O3 and gCN specimens. The corresponding band gap values are consistent with literature data12-17. 


§ S-3. Electrochemical functional tests and related data
	Material
	Electrolyte
	j (mA/cm2)
	j (mA/mg)
	Faradaic efficiency (%)
	Ref.

	CuFe₂O₄@gCN
(this work)
	0.05 M Na2SO4 + 0.1 M NaNO3
	17
	10430 a
	21
	This work

	Fe2O3
	1 M KOH +
0.3 M KNO3
	260
	130
	63.0
	18

	Cu2O
	0.1 M Na2SO4 + 8 mM NaNO3
	1.5
	30
	85
	19

	NiFe2O4/CC
	0.1 M phosphate + 0.1 M NaNO3
	160
	89
	96.6
	20

	Fe2O3@CC
	0.5 M Na2SO4 + 500 mg/L NaNO3
	17
	30
	80.4
	21

	Cu/Fe rGO
	1 M KOH +
0.1 M KNO3
	100
	25
	92.5
	22

	NiCo2O4/CC
	0.5 M Na2SO4 + 0.5 M NaNO3
	44
	19
	65
	23

	FeNC-Fe3O4/CC
	0.25 M Na2SO4 + 0.1 M KNO3
	50
	10
	65
	24

	NiCo2O4/CC
	1 M NaOH + 
0.3 M NaNO3
	56.2
	n.a.
	80
	25

	CoFe2O4/CC
	0.1 M K2SO4 + 0.1 M KNO3
	40
	133
	n.a.
	26

	NiFe2O4/CC
	0.1 M K2SO4  + 0.1 M KNO3
	35
	116
	n.a.
	26

	NiFe2O4/Carbon paper
	0.1 M Na2SO4 + 0.1 M KNO3
	4
	0.8
	70
	27

	Fe2O3/Carbon paper
	0.1 M Na2SO4 + 0.1 M KNO3
	4
	0.8
	65
	27


Table S2. Summary of functional performances in e-NO3RR of selected electrocatalysts based on carbonaceous materials/metal oxides. n.a. = data not available. CC = carbon cloth; rGO = reduced graphene oxide. a normalization uses only the oxide mass of sputtered CuFe₂O₄.
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Figure S7. Mott-Schottky plots as a function of the applied potential obtained at 3 kHz for specimens CuFe2O4@gCN and CuFe2O4. The obtained values of the flat band potential (Efb) are in good agreement with UPS measurements and confirm a charge transfer from gCN to CuFe2O4 after Ef alignment.
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Figure S8. LSV scans obtained from CuFe2O4@gCN electrode in nitrate-free and 0.1 M NO3- solutions.


[image: ]
Figure S9. LSV curves recorded in 0.1 M NO3- aqueous solutions on the pristine CuFe2O4@gCN sample (solid green line) and every 90 days for 6 months upon specimen storage under ambient conditions (grey dashed lines).


§ S-4. Characterization after electrochemical tests
[image: ]
Figure S10. Representative SEM micrographs of the target systems after the completion of electrochemical tests indicated in the caption to Fig. S9.
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