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Figure S1: Deconvoluted XRD pattern for the Ti4AlN3 MAX and Ti4N3Tx MXene.

Electronic Supplementary Material (ESI) for Dalton Transactions.
This journal is © The Royal Society of Chemistry 2024

mailto:Indlamini@uj.ac.za


100 200 300 400 500 600 700 800

 

326
269

806

717

135

 

Raman shift (cm-1)

WO3

 Eg
E2g

Ag

 In2O3

 



★

★ WI-30

 

Int
ens

ity
 (a

.u)
 

★ ★

★

WO3 In2O3

 3-TWI-30

 

 



200 400 600

 Ti4AlN3 MAX

 

In
te

ns
ity

 (a
.u

)

Raman shift (cm-1)















 Ti4N3TxMXene

 

 

 
4000 3500 3000 2500 2000 1500 1000 500

 

 WO3

 

Wavenumber (cm-1)

O
-W

-O

 

 In2O3  In
-O

 WI-30  

Tr
an

sm
itt

an
ce

 (%
)

O
-HO
-H

 

 Ti4AlN3

 

Ti
-F

O
-F

Ti
-A

l-N
Al

-N

N-
H

/O
-H

  TWI-30  

 Ti4N3Tx  Ti
-N

N-
H

(c)

(a) (b)

Figure S2: (a, b) Raman spectra (c) FTIR spectrum for all synthesized materials.
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Figure S3. SEM images for (a) WO3, and (b) In2O3, (c) WO3/In2O3 binary nanocomposites, 

(d) MAX, (e) MXene, (f) ternary nanocomposites.



Figure S4: Elemental mapping for the ternary 3-TWI-30 composite.
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Figure S5: (a) XPS survey scan spectra spectrumof the as-prepared materials, (b) magnified 

3-TWI-30 survey.



Figure S6: Mott–Schottky (MS) curves for (a) WO3, (b) In2O3, (c) binary nanocomposites 

and (d) ternary nanocomposite.

Table S1: Flat band potential (VFB), valence band potential (EVB), conduction band potential 

(ECB), Mott–Schottky plot slope (MSslope) and charge-carrier concentration (ND).

Sample VFB

(V vs Ag/AgCl)

ECB

(V vs. NHE)

EVB

(V vs. NHE)

MSslope 

(cm2/C.F)×109

ND

(cm−3) ×1021

WO3 -0.206 -0.246 +1.88 2.45 11.05

In2O3 -1.291 -1.204 +1.41 2.54 6.25

WI-30 +0.271 +0.206 +2.28 7.52 2.70

3-TWI-30 -0.064 +0.060 +2.34 2.59 7.83



Effective photocatalytic performance largely depends on the photocatalyst's surface area and 

porosity.1 Photocatalytic active sites are generally exposed due to the rich porous structures of 

the photocatalyst.2 The pore structure, pore volume and surface area of WO3, In2O3, WI-30 and 

3-TWI-30 fabricated photocatalysts were studied using nitrogen adsorption-desorption 

isotherms. The obtained Brunauer-Emmett-Teller (BET) specific surface area, pore volume, 

and pore size are summerized in Table S2. All the as-synthesized materials show a type IV 

isotherm shape and type H2 hysteresis corresponding to a mesoporous structure (pore size 2 to 

50 nm) as indicated in Figure S7a insert, b.3-5 The Burrett-Joyner-Holenda (BJH) for the 

pristine WO3 and In2O3 were 48.06 and 30.207 nm respectively (Figure S7c). Upon the 

fabrication of the binary composite, the pore size decreased to 27.253 nm (Figure S7c). Binary 

formation leads to the coverage of the individual pores, thus reducing their distributions. 

Ti4AlN3 MAX recorded a pore size of 23.458 nm. Upon etching Al layer, there was observed 

increase in the pore size to 29.969 nm in Ti4N3Tx (Figure S7d). Removal of the Al layer 

resulted into increased pore distribution. The ternary composite recorded an increament in pore 

size of 27.764 nm compared to binary composite (Figure S7d). This is attributed to the added 

porous MXene. However, the ternary composite showed a lower pore size compared to the 

pristine materials. During the crystal growth, the binary crystals are sandwitched in the MXene 

layer resulting into the coverage of the porous sites. 

The BET surface areas for pure WO3 and In2O3 were 15.410 and 5.527 m2/g, respectively. 

Upon the formation of the WI-30 binary and 3-TWI-30 ternary composites, the BET surface 

area substantially increased to 22.383 m2/g in 3-TWI-30 ternary composite. Loading of Ti4N3Tx 

onto WI-30 binary composite increased the specific surface area of the ternary composite. This 

exposes an increased surface area in the layered ternary heterostructure for irradiation by 

incident light and thus more active photocatalytic sites can be obtained, thus enhancing the 

photocatalytic performance.6 It is worth noting that high BET surface area, pore size, and pore 

volume are highly desirable as they are beneficial in improving the photocatalytic degradation 

activity of a photocatalyst. Thus, more pollutants can be adsorbed on the designed 

heterostructure photocatalyst’s high surface area.7 
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Figure S7: (a) N2 adsorption-desorption isotherms of the as-synthesized materials, (b, c) 

deconvoluted isotherms and (d, e) pore size distribution for pristines and nanocomposite.

Table S2: BET surface area, pore volume and pore size for the as-synthesized nanomaterials.

Photocatalyst BET surface area 

(m2/g)

Pore Volume

(cm3/g)

Pore Size

(nm)

WO3 15.410 0.101 48.060

In2O3 5.527 0.021 30.207

Ti4AlN3 2.731 0.012 23.458

Ti4N3Tx 3.054 0.008 29.969

WI-30 6.103 0.022 27.253

3-TWI-30 22.38 0.081 27.764
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