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Chemicals and Reagents

Titanium dioxide (TiO,, ReagentPlus , >99%), Sodium metavanadate (NaVOs;, anhydrous
grade, 99.9% trace metals basis), Chromium(IIl) chloride hexahydrate (CrCl;-6H,0, 96%,
solid), Manganese(Il) chloride tetrahydrate, (MnCl,-4H,0O, ReagentPlus >99%), Iron(III)
chloride hexahydrate (FeCl;-6H,O, ACS reagent, 97%), Cobalt(Il) chloride hexahydrate,
(CoCl,-6H,0, ACS reagent, 98%), Nickel (II) chloride hexahydrate, (NiCl,-6H,0, 99.999%
trace metals basis), Copper(Il) chloride dihydrate (CuCl,-2H,0, ACS reagent, >99.0%),
zinc chloride, (ZnCl,, Reagent grade, >98%), Sulfamethazine (purity 99.0-101.0 %), all
chemicals were obtained from Sigma-Aldrich and utilized directly without any additional

purification.

Electrode Fabrication

To prepare the graphitic carbon electrode (GCE), its surface was polished with alumina slurry
and subsequently rinsed with deionized water and anhydrous ethanol. The catalyst suspension
was prepared by dispersing 3 mg of NiFeSc-LD, NiFeTi-LDH, NiFeV-LDH, NiFeCr-LDH,
NiFeMn-LDH, NiFeCo-LDH, and NiFeCu-LDH and NiFeZn-LDH in 1 mL of deionized
water, followed by ultrasonic treatment in a water bath for 6 hours to ensure uniform
distribution. Then, 6 pL of the resulting suspension was drop-cast onto the GCE surface and

dried in a conventional oven at 60 °C for 10 minutes.

Physical characterization

The structural characterization of the synthesized electrocatalyst was conducted using the

X'Pert3 Powder X-ray diffractometer (Malvern Panalytical, UK). The Thermo ESCLAB 250



instrument was used for X-ray photoelectron spectroscopy (XPS). Morphology of the
electrocatalyst was examined using field emission scanning electron microscopy (FE-SEM)
(JEOL JSM-6500F, Akishima, Tokyo, Japan) and high-resolution transmission electron
microscopy (HR-TEM: JEM 2100 F, JEOL Ltd., Japan), accompanied by energy dispersive X-
ray spectroscopy (EDX). For electrochemical analysis, a three-electrode configuration was
used; consequently, a Pt wire was used as the counter electrode, an Ag/AgCl in saturated KCl
was utilized as a reference electrode, and the glassy carbon electrode (GCE) was used as the
working electrode. The electrical resistivity of the materials was measured using an EIS-IM6ex
ZAHNER, and the data were analyzed with a ZAHNER analyzer in 5 mM [Fe (CN)¢]>"* with
0.1 M KCl as the electrolyte. The EIS measurement was performed over a frequency range of
0.1 Hz to 10,000 Hz with a 5 mV amplitude. Cyclic voltammetry (CV) was conducted using a
CHI 1205 B instrument, and Different Pulse Voltammetry (DPV) electrochemical equivalents

were made on the CHI 900 within the potential range of 0.0-1.2 V in 0.1 M PBS (pH 7).
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Fig. S1. (a-b) FT-IR and Raman spectra of (i) NiFeZn-LDH, (ii) NiFeCu-LDH, (ii1) NiFeCo-
LDH, (iv) NiFeMn-LDH, (v) NiFeCr-LDH, (vi) NiFeV-LDH, (vii) NiFeTi-LDH, (viii) NiFe-

LDH, respectively.



(a) (b) Vip (c) Cr2p
= 8 o
= =z z
w o w
s s s
2 2 2
E E £
534 632 530 528 526 524 522 520 518
Binding Energy (eV) Binding Energy (eV)
(d) Min 2 (e) Co2p H
M 2p3r2
3 3 3
5 5 3
= = F-
w [ ]
- : -
£ £ £
665 660 655 650 645 640 965 960 955 950 945 940 935
Binding Energy (eV) Binding Energy (eV)
(9 Zn2p
3
" Zn 2ps2 \
2
z |
£ (
£ Zn 2parz
/

1040 1035 1030 1025 1020 1015
Binding Energy (eV)

Fig. S2. XPS (a) Ti 2p, (b) V 2p, (c¢) Cr 2p, (d) Mn 2p, (e) Co 2p, (f) Cu 2p, and (g) Zn 2p
spectra of NiFeTi-LDH, NiFeV-LDH, NiFeCr-LDH, NiFeMn-LDH, NiFeCo-LDH, NiFeCu-

LDH, and NiFeZn-LDH, respectively.

The Ti 2p XPS spectrum displays peaks at 464.5 eV (Ti 2ps/;) and 469.5 eV (Ti 2py.), which
are attributed to Ti’*, whereas the peaks near 466 ¢V (Ti 2p;,) and 472.7 eV (Ti 2pip)
correspond to Ti*" [ 1]. In the V 2p region, the peaks at 522.3 eV (V 2p;5) and 526 eV (V 2py5)
indicate the presence of V3*, while those at 523.6 eV (V 2p;5) and 528.2 eV (V 2psp,) are
assigned to V" [2]. The Mn 2ps, spectrum exhibits three characteristic peaks at approximately
647.8, 650.4, and 655 eV, corresponding to Mn?*, Mn**, and Mn*", respectively [3]. For
chromium, the Cr 2p signals at 582.7 eV (Cr 2p;5,) and 588.2 eV (Cr 2p, ;) are associated with

Cr3*[4]. The Co 2p spectrum features peaks at 787.5 and 789.9 eV assigned to Co** and Co**



species in the Co 2p;, region, respectively, along with peaks at 793.9 and 795.8 eV
corresponding to Co** and Co?" in the Co 2p;pregion, along with the satellite peak at 792 and
800.5 eV [5]. The Cu 2p spectrum shows peaks at 941.4 eV (Cu 2p;5,) and 950.4 eV (Cu 2py),),
indicative of Cu®, whereas the peaks around 943.9 eV (Cu 2p;/,) and 952.2 eV (Cu 2p;),) are
characteristic of Cu®* [6]. The Zn 2p spectra at 1021.6 eV (Zn 2ps3,,) and 1031.1 eV (Zn 2p;p)

are associated with Zn2* [7].
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Fig. S3. FE-SEM image of (a) NiFe-LDH, (b) NiFeTi-LDH/GCE, (c¢) NiFeV-LDH, (d)

NiFeCr-LDH, (e) NiFeMn-LDH, (f) NiFeCo-LDH, and (g) NiFeZn-LDH
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Fig. S4. (a) EIS spectra of Bare GCE, NiFe-LDH, NiFeTi-LDH/GCE, NiFeV-LDH, NiFeCr-

LDH, NiFeMn-LDH, NiFeCo-LDH, NiFeCu-LDH and NiFeZn-LDH.
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Fig. S5. (a-1) cyclic voltammetry, various scan rate measurements of Bare GCE, NiFe-LDH,

NiFeTi-LDH/GCE, NiFeV-LDH, NiFeCr-LDH, NiFeMn-LDH, NiFeCo-LDH, NiFeCu-LDH

and NiFeZn-LDH in 0.1 M PBS (pH 7) at 5 to 100 mV s! in the non-Faradaic region, (j)

equivalent linear graph of scan rate vs redox current response of Current,.. (LA cm2).



Table S1. The comparative ECSA of Bare GCE, NiFe-LDH/GCE, NiFeTi-LDH/GCE, NiFeV-

LDH/GCE, NiFeCr-LDH/GCE, NiFeMn-LDH/GCE, NiFeCo-LDH/GCE, NiFeCu-LDH/GCE

and NiFeZn-LDH/GCE.

Double-layer Electrochemical
Electrode Substrate
capacitance (cdl) | active surface area
(uF cm?) (ECSA) (cm?)

Bare GCE 30.65 2.17
NiFe-LDH GCE 31.95 2.26
NiFeTi-LDH GCE 34.55 2.45
NiFeV-LDH GCE 36.35 2.58
NiFeCr-LDH GCE 36.15 2.56
NiFeMn-LDH GCE 36.75 2.60
NiFeCo-LDH GCE 35.75 2.53
NiFeCu-LDH GCE 43.25 3.07
NiFeZn-LDH GCE 36.95 2.62
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