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1. Experimental parameters
1.1 Hydrogen Evolution Reaction study

The electrochemical investigations and CV studies were conducted in a standard three-
electrode setup using Ag/AgCl (3M KCI) as the reference electrode (separated by a salt
bridge), platinum sheet as the counter electrode, and modified glassy carbon as a working
electrode. The studies were performed in an AUTOLAB Electrochemical workstation
operated by Nova 2.1 software. The catalyst was made into a (5 mg in 1 mL) were dispersed
into a solution containing ethanol: water in a ratio of (700uL:250uL) respectively. 50 uL of
Nafion binder was added to the mixture further to drop casting over glassy carbon (10 pL)
dry to overnight at room temperature. The hydrogen evolution reaction (HER) was
investigated by linear sweep voltammetry at a scan rate of 2 mV/s in 0.5 M H,SO,4 The
reference electrode was calibrated versus the reversible hydrogen electrode using the
following formula.

Erue = Eagager T Eo agiager +0.0591 * pH.
1.2 Electrochemical p-Nitrophenol reduction (galvanostatic electrolysis)

The preliminary electrochemical LSV studies were conducted same three-electrode setup
using a modified glassy carbon electrode as a working electrode at a scan rate of 50 mV s’ in
IM KOH. The galvanostatic electrolysis was carried out on a two-compartment electrolysis
cell separated by a Nafion-324 membrane at room temperature. At the end of electrolysis, the
obtained residue was acidified with 1 N H,SO,4 until pH 6, and the organic products were
extracted using ethyl acetate. The organic layer was then collected, washed with water, brine,
and dried over anhydrous sodium sulfate, filtered, and evaporated. The desired product was

confirmed by H! and C'> NMR spectroscopy.

1.3 Nitro compounds reduction reaction

The reduction was carried out in the presence of NaBH, as a reducing agent, and all three
aromatic nitro compounds (4-NP, DNP, and TNP) were reduced catalytically. To start the
reduction process, at 1 mg of Ta,C nanoparticles were placed in a quartz cuvette containing
10 ml of 216 uM 4-Nitrophenol (3 mg in 100 mL) similar to other nitro compounds (163 uM,
131 puM) and 240 mg of NaBH4. UV-visible spectroscopy was used to monitor the

transformation of 4-nitrophenol (4-NP) into 4-aminophenol (4-AP) at room temperature.



2. Characterisation

2.1 EDAX spectrum

Commercial sample elemental composition: Ta,AlC (purity: 99.9%) MAX phase
Ta—90.3%; Al —6.7%; C —2.9%; O — 0.03%; B — 0.02%; Sn — 0.01% and Fe — 0.03%

Metals percentage Ta Al C 0 K
Ta C-E (FESEM) 71 - 5.8 17.2 6
Ta C-E (SEM) 70 - 6.5 16 7.5
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a) Ta,C-E MXene (FESEM) b) Ta,C-E MXene (SEM)

Figure S1. EDAX spectrum of a) Ta,C-E MXene (FESEM) and Ta,C-E MXene (SEM).

2.2 XPS spectrum
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Figure S2 XPS survey spectrum of Ta,AlC and Ta,C-E.
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Figure S3 Deconvoluted XPS spectrum of a) Ta 4f, b) Al 2p, c¢) C 1s of Ta,AIC and d) Ta
4f, and e) C 1s of Ta,C-E.

2.3 SEM images

Figure S4 SEM images of Ta,C-E before (a) and after (b) HER catalytic activity.



2.4 Electrochemical 4-NP reduction
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Figure S5 a) LSV of Ta,C and MAX phase with 4-NP, b) corresponding EIS spectrum, and
c) corresponding Tafel plot. d) LSV of Ta,C-E with and without 4-NP, e) corresponding EIS
spectrum, and f) corresponding Tafel plot.

2
a) . o— TagC| b) —o— Ta,Cupto 90 min C) [——Ta,C 90-150 min

Rate(k) =-0.014

In(AJA,)
R

Rate(k)= -0.064

=20 0 20 40 60 80 100 120 140 160 180 30 40 50 60 70 80 90 90 100 110 120 130 140 150
Time (min)

Figure S6. Plots of In(At/A0) vs. time over samples at each 30 mins derived from Figure 8 d

UV-vis absorption spectra revealing the reduction process



2.5 NMR spectrum
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Figure S7 a) H' NMR spectrum of p-aminophenol and b) C'* NMR spectrum of p-
aminophenol




'H NMR (500 MHz, DMSO-d;) & 8.25 (s, 1H), 6.34 — 6.28 (m, 2H), 6.28 — 6.23 (m, 2H),
4.20 (s, 2H). 3C NMR (126 MHz, DMSO-d,) & 148.52, 140.91, 116.02, 115.79, 115.68,
115.44, 40.19, 40.02, 39.85, 39.69, 39.52, 39.35, 39.18.

2.6 UV 3nalysis studies
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Figure S8 UV-vis absorption results of the reduction process of 5 mL 4-nitrophenol (0.216
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Figure S9 UV-vis absorption spectra reduction with 1 mg of Ta,C. a-c) plot of In(A/A,) with
Ta,AlC and Ta,C-E for the reduction of a) 4-NP, b) DNP, and c¢) TNP. d-f) UV-vis
absorption spectra of the reduction process of d) 5 mL, e) 15 mL, and f) 20 mL of p-
nitrophenol (216 mM) with 1 mg of Ta,C.

The kinetic equation for the reduction, which has the following textual form, can be used to
determine the apparent rate constant.

In(Cy/Cy) or In(A/Ay) = kt

Where A, = the absorbance of 4-NP at time t and A, = the absorbance of 4-NP at time 0.

The reduction reaction of 4-NP to 4-AP satisfies the pseudo-first-order kinetic equation. The
rate constant (k) was determined from the linear plots of In (A/A,) versus reduction time in
minutes.

Hence the reaction rate constant for 4-NP reduction was calculated from the plot of In (A/Ay)
Vs time and was found to be 21.6 x 102 min"! which indicates faster kinetics than MAX
phase (1.5 x 102 min'") shown in Fig S8 (a). Table 1 shows a comparison of the catalytic
performance of various 2D layered catalysts towards the reduction of 4-NP reduction.
Further, Ta,C MXene was tested for its efficacy in converting other toxic pollutants (nitro
compounds) such as 2,4-dinitrophenol and 2,4,6-trinitrophenol. The complete DNP reduction
occur at 25 min further the kinetic rate constant DNP reduction with Ta,C was derived from
plot 7.5 x 102 min™! given in Fig.S8 (b) Similar that TNP complete reduction occur at 36 min
further the kinetic rate constant derived from the similar way we observed 5.0 x 10 min-!

given in Fig.S8 (c).!

Table S1 Comparison of electro catalytic activity of HER recently reported MXene based
catalyst.



Catalyst Electrolyte Over Tafel slope Reference

medium potential mV/dec
(mV)
Mo,CT,:Co 1 N H,SO, 250 - 2
Mo,CT, 0.5M 305 74 3
H,SO,4
Mo, TiAlC, 0.5M 570 127 4
H,SO,4
N-Ti;C, T, 0.5M 198 92 5
H,SO,4
NiFe,04/Ti3C, 0.5M KOH 173 112.2 6
mNC- 0.5M 159 70.9 7
MOC/Ti3C2 HZSO4
Mo, TiC,T, - 0.5M 30 30 8
Ptga H,SO,4
Tiz;C, NFs 0.5M 169 97 9
Ti;C,T, flakes H,SO,4 385 188
Ti;C,04 0.5M 190 60.7 10
Ti;C,(OH), H,SO,4 217 88.5
Tiz;C,T,-450 266 109.8
Ta,CS;-E 1M 74 66.9 11
Ta,CS, KOH 105 73.7
Ta4C3Tx 139 122.9
Ta,C-E 0.5M 223 75 This work
H,SO,4
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