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                                         INTRODUCTION 

 

   Photocatalysis is a low-cost and environment-friendly technique to purify the wastewater from 

pollutants such as organic dyes.   A class of photocatalysts called semiconductor photocatalysts 

have also been reported for effective degradation of organic compounds in water1 (e.g Zno & 

TiO2). Several semiconductor particles such a TiO2 and ZnO2 were reported for 

photocatalysis..1,2 However they exhibited lower catalytic activity which is attributed to wide 

band gaps. . TiO2 due to its photocatalytic nature is also used in water splitting for the production 

of hydrogen (H2) but is still impeded due to its inferior visible light absorption and requirement 

of doping with other materials to increase its performance. In recent years 2D layered materials 

containing transition-metal elements with carbide and nitride, also called MXene, have attracted 

considerable attention for their carbon-based 2D layered structures. They are characterized by 

the formula Mn+1XnTx (n=1, 2, 3) where M corresponds to various transition metals like 

titanium, chromium, and so on, X corresponds to carbon, nitrogen, and so on.3The thickness of a 

single MXene layer is normally less than 1 nm, while its lateral size ranges from nanometers to 

micrometers highly depending on the synthetic method. The intact metal atomic layers endow 

MXenes with unique metallic conductivity, while the abundant surface functional groups (e.g. 

hydroxyl, oxygen and fluorine) confer MXenes with good hydrophilicity.4,5. This new kind of 

innovative material has been normally synthesised via a selectively etching route using MAX 
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phase as precursor.6 They have suitable properties : large surface area, high electrical 

conductivity, abundant and highly active surface sites and good adsorption capabilities which 

makes them  suitable to act as a photocatalyst. MXenes have emerged as a good alternate for 

improving photocatalytic performance in renewable energy and environmental remediation fields 

because of their high surface area and suitable fermi level.When Mxenes like TiC2 are used as 

photocatalysts there is rapid recombination of light excited carriers which  decreases its quantum 

efficiency and photocatalytic performance. Therefore we propose to use Ni-doped Mo2TiC2 (Ni-

Molybdenum titanium dicarbide)  for the photocatalytic degradation of  Methylene Blue dye. 

Molybdenum carbide doped with Nickel could increase the overall surface area of the catalyst 

and increase its efficiency. To the best of our literature knowledge, this is the first study on the 

photocatalytic properties of this material.We expect it to act as a better photocatalyst because  it 

is non-toxic , cost effective, has a large surface area and a good chemical and photostability.       
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                                                                Fig.1 MXene Sheets  

                          

                                                         Fig.-2 Photocatalysis Mechanism 
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IMPORTANCE OF THE PROJECT 

Many 2-D MXenes have been widely used as a photocatalyst in many environmental and energy 

applications due to their efficient photoactivity and high stability. However, their large band gap 

energies limit their absorption of solar radiation. Their photocatalytic activity is also limited by 

the rapid recombination of the electron-hole pairs. Some of them have a poor affinity towards the 

organic pollutants. Therefore there is a need to develop a catalyst which will overcome these 

shortcomings. Ni-doped Molybdenum titanium dicarbide could act as a more efficient 

photocatalyst as there is increase in charge separation and there is suppression of rapid charge 

combination.  Doping it with Ni increases its overall surface area so the adsorption capacity also 

increases. 7,8,9,10 
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METHODOLOGY 

Methylene Blue was chosen as a target dye for the photocatalytic experiment. It always produces 

carcinogenic/noxious byproducts by numerous oxidation and hydrolysis reactions in water 

ecosystems. In this experiment 500ml of Methylene blue aqueous solution will be taken and to 

that 100mg of powder sample will be added. This solution will be then mechanically stirred for 1 

hour  in dark. This suspension will be then exposed to sunlight at noon without any agitation. At 

given time intervals the suspension will be manually agitated with a glass rod. The supernatant 

solution will be decanted and its residual dye concentration will be measured using UV-Visible 

spectrophotometer at 662nm to calculate the degradation of dyes. Irradiation with visible light 

produces electron-hole pairs in the material; the electrons combine with the O2 and produces O2
- 

and the holes combine with the OH- to produce superoxide and free hydroxyl radicals, 

respectively. The Mxene sheets quickly trap the electrons and thereby reducing the chances of 

recombination. These hydroxyl radicals (OH-) and O2
- are responsible for the degradation of 

harmful organic pollutants and produce harmless byproducts likeCO2 and H2O.Because they are 

highly active. Previous reports on dye degradation show the degradation mechanism as shown 

here..11–16 

The following equations express the whole photodegradation mechanism: 

(1)MXene + hυ → h+ + e- 
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(2) e- + MXene → (MXene trapping sites)  

(3) e-  (MXene trapping sites) + O2  → O2
- 

(4) h+ + H2O →  OH- 

(5) OH- + MB  →CO2 + H2O (degradation byproducts) 

  (6) O2 + MB → CO2 + H2O ( degradationbyproducts) 

 

 

                        Fig.-3 Structure of Methylene Blue dye 
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OUTCOME OF THE PROJECT  

 This study will reveal  a new system of a low-cost catalyst with potential application in the 

photocatalytic degradation of dyes. It will shows a considerable reduction in the final concentrations 

of the dye solutions. We expect it to act as a better photocatalyst because  it is non-toxic , cost 

effective, has a large surface area and a good chemical and photostability.      

  

 

 

 

 

 

 

 

 



 
 
 

13 
 

References 

1.  Irfan S, Rizwan S, Shen Y, et al. The Gadolinium (Gd3+) and Tin 
(Sn4+) Co-doped BiFeO3 Nanoparticles as New Solar Light Active 
Photocatalyst. Scientific Reports. 2017;7(1):42493. 
doi:10.1038/srep42493 

2.  Carenco S, Portehault D, Boissière C, Mézailles N, Sanchez C. 
Nanoscaled Metal Borides and Phosphides: Recent Developments 
and Perspectives. Chemical Reviews. 2013;113(10):7981-8065. 
doi:10.1021/cr400020d 

3.  Li M, Lu J, Luo K, et al. Element Replacement Approach by 
Reaction with Lewis Acidic Molten Salts to Synthesize 
Nanolaminated MAX Phases and MXenes. Journal of the American 
Chemical Society. 2019;141(11):4730-4737. 
doi:10.1021/jacs.9b00574 

4.  Ling Z, Ren CE, Zhao MQ, et al. Flexible and conductive MXene 
films and nanocomposites with high capacitance. Proceedings of 
the National Academy of Sciences. 2014;111(47):16676-16681. 
doi:10.1073/pnas.1414215111 

5.  Naguib M, Mashtalir O, Carle J, et al. Two-Dimensional Transition 
Metal Carbides. ACS Nano. 2012;6(2):1322-1331. 
doi:10.1021/nn204153h 

6.  Lukatskaya MR, Mashtalir O, Ren CE, et al. Cation Intercalation 
and High Volumetric Capacitance of Two-Dimensional Titanium 
Carbide. Science. 2013;341(6153):1502-1505. 
doi:10.1126/science.1241488 

7.  Zhang T, Zhang W, Xi H, et al. Polydopamine functionalized 
cellulose-MXene composite aerogel with superior adsorption of 
methylene blue. Cellulose. 2021;28(7):4281-4293. 
doi:10.1007/s10570-021-03737-6 



 
 
 

14 
 

8.  Alsafari IA, Munir S, Zulfiqar S, Saif MS, Warsi MF, Shahid M. 
Synthesis, characterization, photocatalytic and antibacterial 
properties of copper Ferrite/MXene (CuFe2O4/Ti3C2) 
nanohybrids. Ceramics International. 2021;47(20):28874-28883. 
doi:https://doi.org/10.1016/j.ceramint.2021.07.048 

9.  Sharma V, Kumar A, Kumar A, Krishnan V. Enhanced 
photocatalytic activity of two dimensional ternary nanocomposites 
of ZnO–Bi2WO6–Ti3C2 MXene under natural sunlight irradiation. 
Chemosphere. 2022;287:132119. 
doi:https://doi.org/10.1016/j.chemosphere.2021.132119 

10.  Zhang H, Li M, Zhu C, Tang Q, Kang P, Cao J. Preparation of 
magnetic α-Fe2O3/ZnFe2O4@Ti3C2 MXene with excellent 
photocatalytic performance. Ceramics International. 
2020;46(1):81-88. 
doi:https://doi.org/10.1016/j.ceramint.2019.08.236 

11.  Alharbi NS, Hu B, Hayat T, et al. Efficient elimination of 
environmental pollutants through sorption-reduction and 
photocatalytic degradation using nanomaterials. Frontiers of 
Chemical Science and Engineering. 2020;14(6):1124-1135. 
doi:10.1007/s11705-020-1923-z 

12.  Irfan S, Shen Y, Rizwan S, Wang H, Khan SB, Nan CW. 
Band_Gap Engineering and Enhanced Photocatalytic Activity of 
Sm and Mn Doped BiFeO3 Nanoparticles. Journal of the American 
Ceramic Society. 2017;100:31-40. 

13.  Li X, Yu J, Jaroniec M, Chen X. Cocatalysts for Selective 
Photoreduction of CO(2) into Solar Fuels. Chemical reviews. 
2019;119(6):3962-4179. doi:10.1021/acs.chemrev.8b00400 

14.  Low J, Yu J, Jaroniec M, Wageh S, Al-Ghamdi AA. Heterojunction 
Photocatalysts. Advanced materials (Deerfield Beach, Fla). 
2017;29(20). doi:10.1002/adma.201601694 

15.  Li X, Xie J, Jiang C, Yu J, Zhang P. Review on design and 



 
 
 

15 
 

evaluation of environmental photocatalysts. Frontiers of 
Environmental Science \& Engineering. 2018;12:1-32. 

16.  Cai J, Huang J, Lai Y. 3D Au-decorated BiMoO6 nanosheet/TiO2 
nanotube array heterostructure with enhanced UV and visible-light 
photocatalytic activity. J Mater Chem A. 2017;5(31):16412-16421. 
doi:10.1039/C7TA02077E 

 

 

 

 

 

 

 

 

 

 

 


