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La-PTC/TisC,T. MXene and La-PTC-HIna/TisC,T. MXene hybrid, then apply them for
methylene blue photodegradation. La-PTC-HIna, La-PTC/Ti;C,T, MXene, and La-PTC-
Hina/Ti;C,T. MXene were synthesized by the sonochemical method. MOF La-PTC-HIna
has the highest methylene blue photocatalytic degradation activity than MOF La-PTC,
TisC, T, MXene, La-PTC/TisC,Tx MXene, and La-PTC-HIna/Ti;C,Tx MXene with
degradation efficiency of 99.48% in 20 ppm methylene blue under visible irradiation for
210 min. This study reveals the La-PTC-HIna and La-PTC-HIna/Ti;C,T, MXene as a
new material that has the potential to remove methylene blue from an aqueous solution.

Keywords: metal-organic framework; Ti;C,T, MXene; La-PTC; La-PTC-Hina; La-
PTC/Ti;C,;Tx MXene; La-PTC-HIna/Ti;C,Tx MXene

= INTRODUCTION researchers reported MOFs as a nanomaterial for
photocatalytic dye degradation. Zulys et al. [9] reported
MOFs La-PTC-based sodium perylene-3,4,9,10-
tetracarboxylic as an organic linker and lanthanum
metal ion. MOFs La-PTC degrade methylene blue at
67.02% for 240 min under visible light irradiation in the
presence of hydrogen peroxide 0.2 M.

The photocatalytic activity of MOF was enhanced
by adding modulator compounds like isonicotinic acid.

The textile industry is one of the primary industrial
sectors contributing to water pollution. The textile
industry releases about 20% of organic dye waste
worldwide [1]. These organic dyes are difficult to degrade,
toxic, and disrupt aquatic ecosystems. In the last few
decades, many nanomaterials have been used to treat dyes
waste, i.e., modified bentonite [2], activated carbon [3],
metal-organic frameworks (MOFs) [4], and MXene [5].

. . Isonicotinic acid is a pyridine carboxylate compound
MOFs are nanoporous materials that consist of 124 Y p

that can be an excellent linker to construct coordination
complexes [10]. Garibay et al. [11] reported that the
addition of isonicotinic acid increases MOFs' size and

coordination bonds between transition-metal cations and
multidentate organic linkers [6]. These materials have

unique properties, such as large surface area and porosity : ] -
pore volume and enhances their catalytic activity.

Adawiah et al. [12] also reported that MOFs Cr-PTC-
HIna has higher photocatalytic activity than Cr-PTC in
methylene blue degradation.

[7], abundant active sites, redox ability, tunable structure,
and pore size [8]. Therefore, MOFs can be used to
eliminate dyes contaminant from water. Several
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MXene is a new type of two-dimensional (2D)
material produced by etching a layer of “A” groups from
MAX phases, where M is a transition metal like titanium,
A is an IVA/IIA (e.g., H, Al, Ga, In, Si, Ge, Sn, Pb, P, or
As), and X is nitrogen or carbon [13]. They are composed
of transition metal carbides and nitrides with different
functional groups like OH", O, and F~ attached to their
surface. The general chemical formula of MXene is
M, Xa Ty, where M is the transition metal like titanium, X
is carbon, and T is the termination group like OH", O,
and F~ [14-17]. MXene can be applied for treating dyes
wastewater because of its physicochemical properties,
including high surface area, chemical stability,
hydrophilicity, and structure [18]. Besides, the electrical
conductivity of Ti;C, MXene is 4600 + 1100 S.cm™" with
highly anisotropic carrier mobility, favoring the capture
and transfer of photogenerated electron-hole pairs in the
photocatalysis process [19].

According to previous studies by other researchers,
MOFs also are often combined with other materials to
protect the MOFs from degradation and enhance their
photocatalytic activity. Wang et al. [20] reported the
synthesis of Ti;C; MXene/MIL-100(Fe) composite for the
photocatalytic oxidation of nitrogen fixation. Tian et al.
[21] wused TisCy/TiO,/UiO-66-NH, hybrids for the
photocatalytic reaction of hydrogen gas evolution. Jun et
al. [18] reported Ti;C,Tx MXene and Al-based metal-
organic framework for methylene blue and acid blue 80
adsorptions.

Thus, it is reasonable for us to design new material-
based MOFs La-PTC that are modulated by isonicotinic
acid (HIna) and combined with Ti;C,T, MXene. This
study aims to investigate their characteristics and
blue photocatalytic

performance for methylene

degradation.

m EXPERIMENTAL SECTION
Materials

All materials were purchased and used without any
purification.  La(NOs);:6H,O  (Merck),  dimethyl
formamide (DMF) (Merck), sodium hydroxide (Merck),
ethanol absolute (Merck), isonicotinic acid (IDN), and
Ti;C, Tx MXene (Nanochemazone).
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Instrumentation

All materials were characterized by X-ray
diffraction (PXRD) to determine crystallinity, Fourier
transforms infrared (FT-IR) spectroscopy to investigate
the functional groups, ultraviolet-visible diffusion
reflectance spectroscopy (Shimadzu UV 2700) to
measure the band gap, the Brunauer Emmett Teller
(BET) surface area analyzer (Micromeritics, ASAP 2020)
to evaluate the surface area, pore volume and pore size,

and scanning electron microscope energy dispersive X-

ray (EDX) spectroscopy to obtain the particle
morphology.
Procedure
Preparation of sodium perylene-3,4,9,10-

tetracarboxylate (NasPTC)

Perylene-3,4,9,10-tetracarboxylic dianhydride
(PTCDA) (0.5 g, 1.27 mmol) was dissolved in distilled
water (50 mL) on a beaker glass. NaOH (0.356 g, 8.9
mmol) was added to the mixture while stirring
vigorously at 300 rpm for 1 h. The greenish-yellow
solution was obtained and filtered. Then, excess ethanol
was added to obtain a yellow sodium perylene-3,4,9,10-
tetracarboxylic (NasPTC) precipitate. The yellow bulk
powder of Na,PTC was collected by filtration, washed
with ethanol until a pH of 7 was reached, and dried at
room temperature overnight.

Synthesis of MOF La-PTC

MOF La-PTC was synthesized according to the
method in our previous research [9] La(NO;);-6H,O
powder, Na,PTC at a molar ratio of 1.0:0.5 in dimethyl
formamide (DMF), and deionized water mixture (1:5
v/v) in a Teflon liner. After the mixture was stirred
magnetically at 300 rpm for 60 min, the Teflon liner was
sealed in a solvothermal reactor and heated at 170 °C for
24 h. After cooling to room temperature, the product
was purified and washed with deionized water and DMF
to remove residual Na,PTC and other impurities.
Finally, the orange powder product was centrifuged and
dried at 70 °C overnight.

Synthesis of La-PTC-HIna
La(NOs3);:6H,O powder, Na,PTC, and isonicotinic
acid were mixed at a molar ratio of 1.0:0.5:1.0 in DMF
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and deionized water mixture (1:5 v/v) in a beaker glass.
Then, the mixture was stirred magnetically at 300 rpm for
120 min and ultrasonically treated for 2 h. The bulk
powder was filtrated and washed with deionized water
Na,PTC and other
impurities. Finally, the brown powder product was

and DMF to remove residual

centrifuged and dried at 70 °C overnight.

Synthesis of La-PTC/TizC,T, MXene

The La-PTC/Ti;C,Tx MXene nanocomposites were
constructed by a facile synthetic method. MOF La-PTC
and quantitative Ti3C,Tx MXene (20 wt.%) were put into
ethanol absolute. The mixture was stirred for 24 h at 300
rpm, ultrasonically treated for 3 h, and then dried at 60 °C
for 18 h. The product was then heated in a 300 °C furnace
for 2 h. Finally, the Ti;C,Tx MXene nanosheets were
coupled with MOF La-PTC after grinding.

Synthesis of La-PTC-HIna/Ti;C,T, MXene

La(NOs3);:6H,O powder, Na,PTC, and isonicotinic
acid were mixed at a molar ratio of 1.0:0.5:1.0 in DMF and
deionized water mixture (1:5 v/v) in a beaker glass. Then
a quantitative Ti;C, MXene (20 wt.%) was added. Then,
the mixture was stirred magnetically at 300 rpm for
120 min and ultrasonically treated for 2 h. The precipitate
was filtrated and washed with deionized water and DMF
to remove residual Na,PTC and other impurities. Finally,
the brown powder product was centrifuged and dried at
70 °C overnight.

Degradation of methylene blue analysis

The material (25 mg) was dispersed in 50 mL of
methylene blue (MB) solution (20 ppm) in a Pyrex
reactor. Subsequently, the sample was irradiated with the
250 W mercury lamp with stirring at 300 rpm and room
temperature. The concentration of MB after the reaction
was measured by a UV-Visible spectrophotometer at
665 nm. The methylene blue degradation efficiency is
calculated using Eq. (1). A control experiment was carried
out under dark condition.

Co-Ct
Co

where DE (%) is the degradation efficiency of methylene

DE(%) =

x100% (1)

blue, Co is the initial concentration, and Ct is the final
concentration.
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m RESULTS AND DISCUSSION
Characteristic of Photocatalysts

The XRD analysis showed the different diffraction
spectrums of materials. Fig. 1 shows that La-PTC-HIna
and La-PTC-HIna/Ti;C,Tx MXene have amorphous
forms, while the other three have pretty good
crystallinity. The XRD peaks of La-PTC were observed
at 20 = 6.31°, 12.64°, 16.6°, 28.7°, 33.3°, 44.6°, 47.9°,
50.9°,59.6°, 62.3°,70°,77.3° [9]. Peaks at 26 = 9.0°, 18.3°,
27.7°, 36.1°, 41.9°, and 60.7° correspond to the (002),
(004), (006), (101), (105), and (110) reflections of
Ti:C,Tx MXene [22]. Peaks at 20 = 5.7°, 8.4°, 12.1°, 18.5 °,
20.9°, 22.9°, 26.9° and 29.3° are characteristics of La-
PTC/Ti;C,Tx MXene (Fig. 1). It shows a chemical
interaction between Ti;C,;Tx MXene and La-PTC
compounds which looks at the difference in the
spectrum of the three materials. Meanwhile, for La-
PTC-HIna and La-PTC-HIna/Ti;C,Tx MXene, the
spectral peaks cannot be determined because the
resulting particles are amorphous.

FT-IR spectroscopy was employed to determine
the functional groups in the five materials. The infrared
spectrum of all materials can be seen in Fig. 2 and Table
1. The FTIR spectrum of La-PTC/Ti;C,Tx Mxene is very
similar to La-PTC, and La-PTC-HIna/Ti;C,Tx Mxene is

WC-HIna/Tiacsz e

La-PTC/Ti,C, Ty MXene

Fl (109) La-PTC-HIna
2 |(002) (004) (006)(101) (110)
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Fig 1. XRD pattern of MOF La-PTC, Ti;C,Tx MXene,
La-PTC/Ti;C, Ty MXene, La-PTC-HIna, and La-PTC-
HIna/Ti;C, T, Mxene
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Table 1. Wavenumber and functional group of materials
Wavenumber (cm™)
Ti:C,Ty  La-PTC  La-PTC- La-PTC/Ti;C, Ty La-PTC-HIna/Ti;C, Ty Description
MXene Hlna MXene MXene
425 421 424 the deformation vibration of the Ti-O bond
506 501 502 Ti-C vibration
572 570 556 568 La-O vibration
749 759 761 757 Out of plane C=C aromatic ring
849, 808 849, 807 848, 807 858, 807 Bending vibration (C-H) out of plane aromatic
ring
1210 1207 1209 1233 Bending vibration (C-H) in plane aromatic
ring
1530 1585 1590 1591 asymmetric stretching vibration (-COO)
1434 1526 1503 1537 symmetric stretching vibration (-COO)
3034 3356 3399 3117 Hydroxyl (OH)
equation (ahv = A(hv Eg)?) [23]. The calculation results
La-PTC A in the band gap energy of Ti;:C,Tx MXene of 1.3 eV
—~ (Table 2) and does not show an absorption band because
2 v%———\\_\‘ it is a metallic material [24]. La-PTC/Ti;C,Tx MXene
E TigCoTy MXene hybrid band gap (2.3 eV) is higher than that of the La-
§ PTC (2.21 eV). In contrast, the band gap energy of La-
E La-PTC/TizC, T, MXene W PTC-HIna/Ti;C,Tx MXene composite (1.9 eV) is less
E M than La-PTC-HlIna (2.02 eV). It confirmed that the Ti,
N C, and O doping process from Ti;C, Ty MXene to the
surface of the La-PTC and La-PTC-HIna structure had
La-PTC-HIna/TiyC, Ty MXene W been successfully carried out. This difference occurs
because of the heterojunction formed by MOF La-PTC,

3000 2500 2000 1500 1000 500

Wavenumber (cm™)
Fig 2. IR spectrum of MOF La-PTC, Ti;C,Tx MXene, La-
PTC/TisC,Ty MXene, La-PTC-HIna, and La-PTC-
HlIna/Ti;C,Tx MXene

4000 3500

very similar to La-PTC-HIna. It indicates the functional
group consistency of the La-PTC and La-PTC-HIna
materials on the surface of the La-PTC/Ti;C, T, Mxene
and La-PTC-HIna/Ti;C,Tx Mxene hybrid.

A UV-Vis spectrophotometer was carried out to
determine the band gap energy and visible light

La-PTC-HIna, and Ti;C,Tx MXene, forming a new
material. On the other hand, the band gap energy of La-
PTC-HlIna (2.02 eV) is less than La-PTC. (2.2 ¢V) The
factor that can affect the bandgap energy is particle size.
Modulated isonicotinic acid in the La-PTC reduces its
particle size. The decreased particle size generated the
MOFs charge carriers to interact quantum mechanically.
It leads to a discrete electrolytic state which increases
bandgap energy and a shift in band edge.

Table 2. Band gap energy of materials

absorption capacity of the materials. Fig. 3 exhibits the Material By (eV)
absorption band edges for the La-PTC, Ti;C,Tx MXene, IhiféMXene ;zg
. a- .
La-PTC.-HIna, La-PTC/T13C2.TX MXene, and La-PTC- La-PTC-Hina 502
HIna/Ti;C, Ty MXene composite. The band gap energy of La-PTC/Ti,C,T. MXene 230
those materials was calculated using the Kubelka-Munk La-PTC-HIna/TisC,T, MXene 1.90
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Fig 3. Band gap energy curves derived from UV-Vis diffuse reflectance spectroscopy (DRS) spectra for (A) MOF La-
PTC; (B) Ti;C,Tx MXene; (C) La-PTC-HlIna; (D) La-PTC-HIna/Ti;C,Tx MXene, and (E) La-PTC/Ti;C,Tx MXene

The measured parameters of those five materials
include the specific surface area (Sger), the total pore
volume (V;), and the average pore size (D;). Modulated
isonicotinic acid (HIna) improved the surface area, pore
volume, and pore size of La-PTC (Table 3). Table 3
exhibited that all materials have pore size distribution
found in the 2-25 nm range. It is assumed that they were
mesoporous materials groups, which have the advantage

of being a photocatalyst that can provide a short distance
to reduce the recombination of photo-excited electron
and hole pairs [25]. Modulated isonicotinic acid (HIna)
and loading of Ti;C,Tx MXene on the MOF La-PTC do
not destroy the MOF’s mesoporosity.

The morphological features of all materials were
determined by scanning electron microscopy (SEM).
Fig. 4(a) shows the multilayer nanoflakes of Ti;C,T\
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MXene. It was produced when Ti;AlC, released H, gas
during the exothermic reaction of HF and the process of
freeze-drying [26]. Fig. 4(b) shows that the La-PTC has a
rod shape structure with various lengths and diameters.
The structure of La-PTC has a good homogeneity, as
indicated by the crystal structure having almost the same
morphology at each observation point.

Indones. J. Chem., 2022, 22 (5), 1195 - 1204

The EDS characterization in Table 4 exhibited that
La-PTC/Ti:C,Tx MXene and La-PTC/Ti;C,Tx MXene
contain elements derived from their constituents,
namely Ti;C,T, MXene, La-PTC and La-PTC-HIna. It
confirmed that combining the two compounds has
succeeded in producing hybrid compounds that are
different from their constituent precursors.

Table 3. Surface area, pore volume, and pore size of materials

Material Sper (m?g™)  V,(ecm’g?) D, (nm)
Ti;C, Ty MXene 2.0892 0.0127 24.3011
La-PTC 22.2364 0.0685 12.3291
La-PTC-HlIna 55.3904 0.1927 13.9166
La-PTC/Ti;C,Tx MXene 34.8508 0.1033 11.8532
La-PTC-HIna/Ti;C, Ty MXene 43.2119 0.1655 15.3235

Fig 4. Scanning electron microscope (SEM) morphology of (a) Ti;C,Tx MXene; (b) La-PTC; (c) La-PTC/Ti;C, T«

MZXene; (d) La-PTC-HlIna; (e) La-PTC-HIna/Ti;C, T, MXene
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Table 4. Element composition of materials

Material
Blement —  MXene 1aPTC LaPTC.HIna LaPTC/TiCoT, MXene La PTC Hina/ThC,T. MXene
C 17.44 51.8 54.61 51.30 29.15
0 14.97 283 12.07 19.69 12,07
F 14.81 2.29 13.08
Al 126 441 0.34 0.94
Ti 51.52 9.35 19.78
La 19.9 23.97 17.05 24.27

Degradation of Methylene Blue

Fig. 5 shows the methylene blue degradation
efficiency by La-PTC, Ti;C,Tx MXene, La-PTC/Ti;C,Tx
MXene, La-PTC-HIna, and La-PTC-HIna/Ti;C,Tx
MXene for 210 min time reaction. Methylene blue
degradation can be attained in dark and light conditions
and occurs through surface adsorption and photocatalytic
degradation mechanisms. Fig. 5 observed that La-PTC
and La-PTC/Ti;C,Tx MXene have no photocatalytic
activity. Zulys et al. [9] explained that the photocatalytic
activity of La-PTC depends on the electron-hole
recombination process. The conduction band (CB) of La-
PTC (-1.60 eV) which less negative than the lowest
unoccupied molecular orbital (LUMO) of methylene blue
(-0.25 eV), and the valence band (VB) of La-PTC (+0.61
eV) is less positive than highest occupied molecular
orbital (HOMO) of MB (+1.66 V). Thus, photoexcited
electron-hole pairs do not oxidize the MB to produce the

100 1

dark condition

Degradation Efficiency (%)

10 1 —— =l —d— ——{ —S—g
0 - - - r - Y .
0 30 g0 S0 120 1500 180 210
Time (min}

MB radical (MBe). Then it will be recombined, and the
formation of radical species was not produced.
Therefore, it inhibited the methylene blue photocatalytic
degradation. On the other hand, the degradation
efficiency of methylene blue by Ti;C,T, MXene, La-
PTC-HIna, and La-PTC-HIna/Ti;C, MXene hybrid in
the light condition was higher than in dark conditions.
It confirmed that those materials have the photocatalytic
activity to degrade methylene blue.

In dark conditions, Ti;C,Tx MXene degrades
methylene blue through an adsorption mechanism that
was influenced by electrostatic interaction between the
negative charge of both hydroxyl (-OH) and fluoride
(F") termination group on the Ti;C,Tx MXene surface
and positive charge on sulfur (S) or nitrogen (N) on the
methylene blue molecule [27]. These F~ and OH
termination groups are developed to form negative
charges on the Ti;C,Tx MXene surface, such as [Ti-F]"

99.43
lightcondition "

90 1 “— 82 65

100 4

Degradation Efficiency (%)

—— ==l —d—( =]

——

0 30 g0 80 120 130 180 210

Time (min)

Fig 5. Degradation efficiency of methylene blue for different materials: (a) La-PTC, (b) Ti;C,Tx MXene, (c) La-PTC-
Hlna, (d) La-PTC/Ti;C,Tx MXene, and (e) La-PTC-HIna/Ti;C,Tx MXene in the dark and light irradiation
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and [TiO] H', which are acted as receptors to cationic
species such as methylene blue [27]. The complex
formation between methylene blue and Ti;C,Tx MXene is
given below.

[Ti-F]" + MB - Ti-F-MB (1)

[Ti-O] H* = [Ti-O] + H* (2)

[Ti-O] + MB - Ti-O-MB (1)

My Tran et al. [27] explained that the F~ terminated
group on MXene plays a prominent role in the adsorption
of MB. The adsorption capability of Ti;C,Tx MXene on
methylene blue decreased as the pH increased from 2 to 7
[27]. Increasing the pH causes a decrease in the number
of F~ termination groups on the surface of the Ti;C, T
MXene because F~ terminated groups were replaced with
OH- ions from water. It also, the electronegativity of F is
larger than O (xF = 3.98, XO = 3.44), leading to the
remarkable ability of most F~ terminated Ti;C,T to
attract and absorb MB species. In addition, after the F-
group is replaced with an OH™ group, the degree of
electrostatic attraction between O~ and MB* decreases
with H* compensation [27]. Lim et al. [28] reported that
increasing the pH solution explained the increase in the
adsorption capacity of Ti;C,Tx MXene to methylene blue.
At the high pH level, Ti;C,Tx MXene was more negatively
charged. It is attributed to promoting the adsorption of
cationic dyes like methylene blue via electrostatic
Ti;C,Tx MXene
becomes a relatively less negative charge at a low pH level

attraction. Otherwise, the surface
because the hydroxyl group (OH") is neutralized on the
Ti;C,Tx MXene surface by hydrogen ion (H*) in solution.

Hasan and Jhung [29] explained that the MB
adsorption by MOF occurred through electrostatic,
hydrophobic, acid-base, m-n, hydrogen attraction, or a
In La-PTC, the
electrostatic attraction occurs between the positive charge
of MB and the negative charge of MOF La-PTC. n-n
interaction occurred through m bonding in the aromatic

combination of these interactions.

ring in MB and the aromatic ring in the perylene linker
contained in the La-PTC. The hydrogen attraction was
constructed between the hydrogen of MB and the oxygen
of perylene. In addition, the hydrogen interaction
between hydrogen in MB and nitrogen from the pyridine
ring of isonicotinic acid contributed to La-PTC-HIna.

Indones. J. Chem., 2022, 22 (5), 1195 - 1204

Fig. 5 shows that under dark conditions, the five
materials' adsorption ability is affected by their surface
area, volume, and pore size. La-PTC-HIna has the highest
adsorption ability, producing a degradation efficiency of
93.95% compared to the other four materials. It is because
La-PTC-HIna has the highest surface area, pore volume,
and pore size (except Ti;C,Tx MXene and La-PTC-
HIna/Ti;C,Tx MXene pore size), which is 55.3904 m?/g,
0.1927 cm*/gand 13.9166 nm (Table 2). Although Ti;C,Tx
MZXene has a lower surface area and pore volume than
La-PTC and La-PTC/Ti;C, T, MXene, it has a higher
adsorption capacity (48.48%) due to its pore size, which
is twice the pore size of La-PTC and La-PTC/Ti;C,T«
MXene (Table 2). The same thing was also proven by
Gupta et al. [30], who succeeded in synthesizing Cu-
BTC, Ag-Cu-BTC, and Ca-Cu-BTC with a surface area
of 163.43, 187.64, and 17.08 m?/g, respectively. The total
pore volume is 0.144, 0.113, and 0.299 cm’/g, and the
pore size is 3.5, 2.4, and 70.1 nm. The adsorption activity
of MOFs Cu-BTC, Ag-Cu-BTC, and Ca-Cu-BTC against
methylene blue compounds was 12.7, 8.9, and 19.6 mg/g.

Fig. 5 also exhibits that under light irradiation,
MOF La-PTC-HIna has the highest photocatalytic
activity among other materials, with a degradation
efficiency of 99.48%. The addition of isonicotinic acid as
a modulator enhanced the photocatalytic activity of La-
PTC. The isonicotinic acid in the La-PTC-HIna acts as a
linker competitor. It competes with perylene to replace
some of the perylene ligands in the La-PTC [31]. The
perylene replacement by the isonicotinic acid formed a
MOF with a smaller particle size [20]. The smaller
particle size of the MOFs increases the surface area of
MOFs. Therefore, the pores containing the active site
will increase [32]. It generates an increasing number of
active sites, and the photocatalytic activity will be higher.

m CONCLUSION

La-PTC, TisC, Ty MZXene, La-PTC-HIna, La-
PTC/Ti;C,Tx MXene, and La-PTC-HIna/Ti;C,Ty
MZXene were comparatively their
application as photocatalysts in the methylene blue

evaluated for

degradation. La-PTC-HIna has the most significant
degradation activity compared to La-PTC, Ti;C,Ty
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MZXene, La-PTC/Ti;C,Ty
HIna/Ti;C, Ty MXene
efficiency of 99.48% in 20 ppm methylene blue under

MXene, and La-PTC-
hybrid with a degradation

visible irradiation for 210 min. The degradation of
methylene blue by La-PTC-HIna occurs via the
adsorption and photocatalytic mechanism. The
methylene blue degradation by La-PTC-HIna/Ti;C,Tx
MXene hybrid is lower than La-PTC-HIna due to a
decrease in surface area and pore volume in the material
after the loading of Ti;C,T MXene.
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