
 
 

iii 

Declaration 
 
This is to certify that the thesis titled Advanced and Emerging Materials for Energy, 
Environmental and Magnetic Applications submitted by Bhagirath Saini to the Indian Institute 
of Technology Jodhpur for the award of the degree of Doctor of Philosophy is a bonafide record of 
the research work done by him under our supervision. To the best of our knowledge the contents 
of this report, in full or in parts, have not been submitted to any other institute or university for 
the award of any degree or diploma.  
 
 
 
 
 

Prof. Rakesh Kumar Sharma 
Ph.D. Thesis Supervisor 

 
 
 
 

Dr. Rahul Singhal 
Ph.D. Thesis Co-supervisor  

 
 
 

 



 
 

iv 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 v 

Declaration 
 
I hereby declare that the work presented in this Thesis titled “Advanced and Emerging Materials 
for Energy, Environmental and Magnetic Applications” submitted to the Indian Institute of 
Technology Jodhpur in partial fulfilment of the requirements for the award of the degree of 
Doctor of Philosophy, is a bonafide record of the research work carried out under the supervision 
of Prof. Rakesh Kumar Sharma and Co-supervision of Dr. Rahul Singhal. The contents of this 
thesis in full or in parts, have not been submitted to, and will not be submitted by me to, any 
other Institute or University in India or abroad for the award of any degree or diploma. 
                                                                                                                                               

 

  
 

Bhagirath Saini 

P18CY002 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 vi 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 

 ix 

Acknowledgments 
 

I would like to extend my heartiest gratitude towards my Ph.D. supervisor, Prof. Rakesh 

Kumar Sharma, for providing his undivided support and guidance throughout the various 
stages during the entire period of my research at IIT Jodhpur. His encouragement and enthusiasm 
helped me complete my thesis by bringing out my best version. I highly value his trust and 
confidence in allowing me to make and learn from my mistakes. I am also thankful for providing 
a stress-free research environment on the weekends and for understanding my value of life 
beyond research. It helped me to balance my personal and research life. I am highly grateful to 
Dr. Pragati R Sharma for her constant support and encouragement. 

I am highly thankful to my Ph.D. co-supervisor Dr. Rahul Singhal, Associate Professor, 
Department of Physics and Engineering Physics, Central Connecticut State University, New 
Britain, CT, USA, for his mentorship, allowing me to do better in my research work which has 
compounded and improved my skill and bench working as well.  

I would also like to thank my Departmental Committee for their valuable suggestions and 
encouragement at each stage of my Ph.D. 

I am highly indebted to Dr. Krishnapriya for their invaluable support and encouragement. 
His support has helped me to improve my scientific knowledge and writing skills. I am also 
thankful to Dr. Devika Laishram, Anita Nehra and Dr. Meena Yadav for their constant support. 

I would also like to thank SMCRL friends; Unnati Gupta, Apoorva Malik, Preeti Kang, Neha 
Patel, Kirti Antil, Shubham Pandey, Abhishek Saini, Divya, Vishav, Harikrishna and Shubham 
Kumar Jha, Kalpna, Pragati, Siddarth and Sumit for creating a positive environment. 

I want to thank MHRD and IIT Jodhpur for their financial support during my Ph.D. 

I extend heartfelt gratefulness to Mr. Mukesih Rajpurohit, Mr. Pawan Sharma and Mr. Sanjay 
and the whole Centre for Research & Development of Scientific Instruments (CRDSI) staff at IIT 
Jodhpur for providing me with valuable instrumentation facilities for the characterization of 
samples. 

 I express special gratitude to Mr. Ganpat Choudhary for his helping hands throughout my 
Ph.D. I would also like to thank Sandeep Gehlot from the Department of Chemistry, IIT Jodhpur 
– teaching, library, administrative, housekeeping, mess, banking, and canteen staff for providing 
me with my needs during this tenure. I would also like to thank the G6 cricket gang and Eish 
Sharma for badminton partner. 

I would like to thank my parents, brothers, sisters and relatives who always believed and 
supported me in all my decisions. I am eternally grateful to you all for your love and sacrifices. 

I would like to thank my wife Mrs. Mamta, son (Kaustubh Saini) and nephew (Dhruv) who 
ungrudgingly tolerated my persistent absence from their lives during PhD and helped me to 
balance my married life and research life. 

I would also like to thank the almighty God for his kindness and grace. I dedicate this Ph.D. 
to my family, especially to my mother (Samu Devi) and father (Jawari Lal), who, despite all odds 
and hardships, endured to bring me to where I am today. I am eternally grateful to you all. 

 
Bhagirath Saini 
Ph.D. Student 
 

 
... 



 
 

 x 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 xiii 

 
List of Figures 

 
Figures Title Page 

1.1 Total primary energy supply globally. 1 

1.2 Renewable energy use in transport globally. 2 

1.3 Electrocatalytic Hydrogen evolution reaction and Photocatalytic degradation of industrial 
dyes using the synthesized ZnO-Ti3C2. 

4 

1.4 Biodiesel production from biomass feedstock using Ti3C2Tx and ZnO-Ti3C2Tx catalysts. 5 

1.5 The earth abundant, low toxic and thermally stable Fe-loaded SiO2-Al2O3 as a suitable 
catalyst for highly selective Bio-jet fuel production. 

5 

1.6 Effect of magnetization after Gd doping in LMO. 6 

3.1 Synthesis process of Ti3C2 MXene from Ti3AlC2 16 

3.2 (a) XRD patterns of the Ti3AlC2, Ti3C2 and ZnO-Ti3C2 nanocomposites. (b) TGA curves of 
Ti3C2, ZnO and ZnO-Ti3C2 nanocomposite. (c)The UV-Vis DRS of as-prepared catalyst and 
(d) corresponding Tauc plots. 

17 

3.3 Morphological and structural observation of catalysts: (a) SEM images of Ti3AlC2, (b) Ti3C2, 
(c) MXZnO-15, (d) MXZnO-5 nanocomposites and (e and f) pristine ZnO nanoflakes. Inset 
images are corresponding large magnification SEM images. Atomic force microscopy 
(AFM) of (g and h) delaminated Ti3C2 MXene and corresponding height profiles. 

18 

3.4 SEM image of ZnO-Ti3C2 nanocomposite (a) and corresponding EDX analysis and EDX 
elemental table (b); EDX elemental mapping of ZnO-Ti3C2 (c-h). 

19 

3.5 Low and high magnification TEM images and corresponding SAED patterns of as prepared 
MXZnO-15 catalyst (a-c), Ti3C2 (d-f) and Ti3AlC2 (g-i). 

20 

3.6 (a) Pore size distribution, (b) Nitrogen absorption isotherm and (c) multi point BET plots 
of Ti3C2 and Ti3C2-ZnO nanocomposites. (d) Raman spectra of Ti3C2 and Ti3C2-ZnO 
nanocomposites. (e) Photoluminescence spectra and (f) electron paramagnetic 
resonance spectra of pristine ZnO and Ti3C2-ZnO nanocomposites. 

21 

3.7 XPS spectra of as-prepared catalyst: (a) survey spectra of Ti3C2 MXene and Ti3C2 ZnO-Ti3C2 
nanocomposite. (b) High-resolution spectra of C 1s, (c) Ti 2p, and (d) O 1s regions for Ti3C2 

MXene. High-resolution spectra of (e) Zn 2p, (f) C 1s, (g) Ti 2p, and (h) O 1s regions for ZnO-
Ti3C2 nanocomposite (MXZnO-10) 

23 

3.8 The absorption spectra showing time evolution of the photocatalytic degradation of MB 
over (a) MXZnO-5, (b) MXZnO-10, (c) MXZnO-15, (d) pristine Ti3C2 MXene, and (e) pristine 
ZnO. (f and g) The variation of photocatalytic degradation of MB dye over Ti3C2 and ZnO-
Ti3C2 nanocomposite with a time of irradiations. (h) The rate constant and (i) degradation 
percentage of MB at 10 and 60 min with Ti3C2 MXene and ZnO-Ti3C2 nanocomposite. 

24 

3.9 High-performance liquid chromatography of MXZnO-10, initially (a) and after (b) the 60 
min photodegradation at the wavelength of 254 nm. 

25 

3.10 (a) Degradation percentage and (b) degradation efficiency of MB at different pH values 
(c) Adsorption and degradation percentage study of pristine Ti3C2, pristine ZnO and ZnO-
Ti3C2 nanocomposites. (d) Degradation efficiency of MXZnO-10 catalyst with different 
scavengers. 

26 

3.11 (a) Degradation efficiency up to 6th cycles and (b) degradation percentage up to 6th cycles 
of as synthesized MXZnO-10 catalyst and (c) XRD measurement before and after 
degradation for four and six cycle. 

27 

3.12 Adsorption curve of Cresol red (a), methyl orange (b), ibuprofen (c) and ciprofloxacin (d) 
with the as-synthesized MXZnO-10 catalyst. (e) Charge carrier transfer mechanism from 
ZnO to MXene in ZnO-Ti3C2 nanocomposite. 

28 

3.13 (a) HER polarization curves of as synthesized samples at a scan rate of 10mV/s, (b) 
corresponding scan rate vs current density with Cdl values, (c) Impedance spectra of 
catalyst, (d) Tafel plot for the catalyst derived from the polarization plot. 

29 

3.14 (a-d) Cyclic voltammograms of MXene, MXZnO-5, MXZnO-10 and ZnO within different 
rates ranging from 10 to 120 mVS-1 in the region from 0.165 to 0.26 V. (e)HER polarization 
curves of MXZnO-5 sample, before and after the 1000th cycle. (f) Stability for MxZnO-5 
using chronopotentiometry at 5 mA cm-2 for 10 h. 

30 



 
 

 xiv 

4.1 (a) XRD patterns, (b) BET surface area analysis and porosity parameter, (c) N2 adsorption-
desorption isotherms (d) and pore size distribution of Ti3AlC2, Ti3C2Tx, and ZnO-Ti3C2Tx 
nanocomposites (MXZ-5, MXZ-10 and MXZ-15). 

32 

4.2 SEM image of Ti3AlC2 (a), Ti3C2Tx (b,c) and ZnO-Ti3C2Tx nanocomposites (d, e and f). 33 

4.3 SEM image and EDX elemental mapping of MXZ-5, MXZ-10 and MXZ-15. 34 

4.4 SEM image and EDX elemental mapping of pristine ZnO and MXene. 35 

4.5 Low and high magnified TEM image of Ti3C2Tx (a, b), ZnO-Ti3C2Tx nanocomposites (d, e) 
and corresponding SAED pattern (c and f); AFM image of Ti3C2Tx (g) and its hight profile 
(h). 

35 

4.6 NH3 TPD spectra of Ti3C2Tx, and ZnO-Ti3C2Tx nanocomposite 36 

4.7 XPS spectra of ZnO-Ti3C2Tx nanocomposites: (a) Survey spectra, high-resolution spectra of 
(b) Ti 2p, (c) O 1s, (d) Zn 2p, (e) C1s and (f) F1s. 

37 

4.8 GC chromatogram of pure methyl oleate and for biodiesel product over Ti3C2Tx catalyst, 
(a) pure methyl oleate and from MX-01 to MX-04, (b) MX-05 to MX-09, and (c) MX-10 to 
MX-14. 

38 

4.9 Variation in the selectivity of C18 vs % ester conversion at 8, 12, and 15 h (a) and bar diagram 
of C18 selectivity vs Ti3C2Tx catalyst (b, c, and d) at 8, 12, and 15 h.  
 

39 

4.10 (a&c) The carbon balance for MXene and MXene-ZnO; (b) gas compositions using MXene 
catalyst (entry 13) and MXene-ZnO catalyst (entry 9). 

39 

4.11 GC chromatogram of pure methyl oleate and for biodiesel product over ZnO-Ti3C2Tx 
catalyst; (a) Pure Methyl Oleate and MXZ-10 A to MXZ-10D, (b) reactions from MXZ-10 to 
MXZ-10I, (c) reactions from MXZ-10J to MXZ-15 M. 

41 

4.12 (a and b) Bar diagram of C18 selectivity vs ZnO-Ti3C2Tx catalysts at 15 and 13 h. (c) 
conversion and selectivity of various ZnO-Ti3C2Tx catalysts. 

41 

4.13 (a and b) GC chromatogram of Ti3C2Tx and ZnO-Ti3C2Tx with variable catalyst loading. 43 

4.14 C18 selectivity vs Ti3C2Tx and ZnO-Ti3C2Tx catalysts with different catalyst weight loading (a 
and b); conversion and selectivity of Ti3C2Tx and ZnO-Ti3C2Tx with different catalyst weight 
loading (c and d). 

43 

4.15 XRD of fresh catalyst and reused catalyst of MXZ-10 with SEM images. 44 

4.16 Conversion and selectivity of Ti3C2Tx and ZnO-Ti3C2Tx up to 5 cycles (a and b). 44 

4.17 HRMS spectrum of pristine methyl oleate. (m/z of 297.2787). 44 

4.18 HRMS spectrum of reaction after hydrotreatment process using MXZ-10 catalyst (m/z of 
C18 (254.1538 and C17 (242.2841). 

45 

4.19 1H NMR of hydrotreatment reaction with time-dependent study. 45 

4.20 Possible reaction pathway of methyl oleate hydrotreatment reaction. 46 

5.1 (a) XRD, (b) FTIR, (c) TGA plot of the SiO2-Al2O3 and different Fe weight % with SiO2-Al2O3. 48 

5.2 SEM images of prepared catalyst at different magnifications are shown in (a-b) 4% Fe/SiO2-
Al2O3, (c-d) 6% Fe/SiO2-Al2O3, (e-f) 8% Fe/SiO2-Al2O3, (g-h) 10% Fe/SiO2-Al2O3. 

49 

5.3 EDX spectra of 10wt% SiO2-Al2O3catalyst. 49 

5.4 SEM-EDS elemental mapping of 4, 6 and 8 wt% Fe/SiO2-Al2O3 catalyst. 50 

5.5 TEM images of catalyst 10% Fe/SiO2-Al2O3 at the scale of 100 nm (a and b), 50 nm (c) and 10 
nm (d). 

51 

5.6 High resolution XPS spectra of 10% Fe/SiO2-Al2O3: Fe 2p (a), O 1s (b), Al 2p (c), and Si 2p. 51 

5.7 (a) Nitrogen adsorption-desorption isothermal, (b) ESR spectrum of (a) 4% Fe SiO2/Al2O3, 
(b) 6% Fe SiO2/Al2O3, (c) 8% Fe SiO2/Al2O3, (d) 10% Fe SiO2/Al2O3. 

52 

5.8 GC chromatogram of pure methyl oleate and for bio-jet product over (a) 10% Fe SiO2/Al2O3 
catalyst with different reaction time, (b) 10% Fe SiO2/Al2O3 and 8% Fe SiO2/Al2O3 catalyst at 
different reaction temperature and (c) 8%, 6% and 4% Fe SiO2/Al2O3 and pristine SiO2, 
pristine Al2O3 and SiO2/Al2O3. 

54 

5.9 (a) Bar diagrams of Conversion and Yield percentage of Biodiesel and Bio-jet Fuel at 
different reaction time, (b) different reaction temperature, (c) different Fe loading into 
SiO2-Al2O3 and (d) different catalyst. 

55 

5.10 (a) GC chromatograms at 1, 3 and 5 hours and (b) at 3, 5 and 8 bar for 10% Fe/SiO2-Al2O3 
catalyst. 

56 

5.11 GC chromatograms of pure Linseed FAME, Neem FAME, Rapeseed FAME and Tung FAME 
(all FAME in Red colour) and after hydrotreatment using 10% Fe/SiO2-Al2O3 (Blue) at 380°C, 
5 bar for 5h. 

57 



 
 

 xv 

5.12 GC chromatogram of 10% Fe/SiO2-Al2O3 catalyst with different catalyst loading (a) and 
conversion and yield of different carbon alkane components. 

59 

5.13 Reusability test of 10% Fe/SiO2-Al2O3 catalyst upto 10 cycles. 59 

5.14 HRMS spectra of (a) pure methyl oleate and (b) hydrocarbon product using 10% Fe/SiO2-
Al2O3 catalyst; (c) 1H NMR and (d) of the of catalytic hydrotreatment reaction using 10% 
Fe/SiO2-Al2O3 catalyst. 
 

60 

5.15 Possible reaction pathway of catalytic hydrocracking of methyl oleate. 61 

6.1 The Sol-gel synthesis process of LiMn2−xGdxO4. 63 

6.2 XRD patterns for LiMn2-xGdxO4 samples and inset enlarge view of (111) plane. 64 

6.3 Low and high magnification TEM images of (a, b) pristine LMO and (d, e) GD04. (c and f) 
inversed fast Fourier transform (IFFT) of as-prepared catalyst of pristine LMO and Gd04, 
respectively. 

65 

6.4 SEM image of pristine LMO (a) and Gd doped LMO with different concentrations (a) – (e) 
and EDX mapping of LMO and Gd04 (f and g). 

65 

6.5 (a)TGA and (b) FTIR of LMO and Gd doped LMO. 66 

6.6 XPS spectra of as-prepared materials: (a) survey spectra of LMO and Gd-LMO. (b) High-
resolution spectra of LMO (b-d) and Gd-LMO (e-h). 

66 

6.7 Raman spectra of the Gd doped LiMn2O4 samples at room temperature in the frequency 
range from 150 to 800 cm-1. Anomalous frequency shift in Ag Raman mode in Gd doped 
LMO samples is shown in the inset. (b) Lorentzian fit of Ag and F2g modes in LiMn2O4 
samples doped with Gd. 

67 

6.8 (a) Fully relaxed structures of pure LiMn16O32 and Gd-doped Li8Mn16-xGdxO32 (x=0.04 to 
0.19) super cell systems (top view) and total densities of states and PDOS were computed 
for the (a) Li8Mn15.96Gd0.04O4 and (b) Li8Mn15.81Gd0.19O4 using DFT+U. 

68 

6.9 ZFC and FC magnetization under magnetic field of 200 Oe for LiMn2-xGdxO4 (x= 0.01 to 
0.04) from 5k to 300k. 

70 

6.10 χ-1Vs T plot under magnetic field 200 Oe for LiMn2-xGdxO4 (x= 0.01 to 0.04) from 5k to 
300k. 

71 

6.11 (a) ZFC and FC magnetization under magnetic field 200 Oe from 5k to 300k and (b) 
magnetization of LMO at room and 5K temperature with applied field of ± 5T. 

72 

6.12 Magnetization of all the Gd doped LMO (a-d) at room and 5K temperature with applied 
field of ± 5T. 

73 

 
 
 
 
 
 
 
 
 
 
 

... 
 
 
 
 
 
 
 
 



 
 

 xvi 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 xvii 

 
 

List of Tables 
 

Table Title Page 

2.1 An overall comparison of MXene based catalyst for Electrocatalytic hydrogen evolution 
reactions. 

8 

2.2 An overall comparison of MXene based catalyst for photocatalytic organic pollutant 
degradation. 

10 

2.3 Comparative study of MXene catalyst for hydrogenation reactions with previously reported 
study. 

12 

3.1 Crystallite size, dislocation density and strain calculation of Ti3C2 and ZnO-Ti3C2 
nanocomposite 

17 

3.2 BET surface area and BJH pore size distribution data of pristine MXene and ZnO-Ti3C2 
nanocomposites. 

21 

3.3 Evaluation of rate constant, R2 and photodegradation efficiency for methylene blue using 
different photocatalyst. 

24 

4.1 Hydrotreatment results of methyl oleate with Ti3C2Tx catalyst at different temperature 
(200-320°C), pressure (15-20 bar) and time (08-15h). 

37 

4.2 Hydrotreatment results of methyl oleate with ZnO-Ti3C2Tx catalyst (MXZ-5, MXZ-10, and 
MXZ-15) at different temperature (250-280°C), pressure (13-15 bar) and time (13-15h). 

40 

4.3 Hydrotreatment results of methyl oleate with Ti3C2Tx at 300°C, 25 bar and 15h (Entry 1-6).and 
ZnO-Ti3C2Tx catalyst (MXZ-10) at 280°C, with different weight loading at 300°C, 25 bar for 13h. 

42 

5.1 BET analysis surface area and porosity of Fe-loaded SiO2-Al2O3 samples. 52 

5.2 Results of H2 TPR for Fe loaded SiO2/Al2O3 catalyst samples. 53 

5.3 Catalytic hydrocracking treatment results of methyl oleate with 10% Fe/SiO2-Al2O3, 8% 
Fe/SiO2-Al2O3, 6% Fe/SiO2-Al2O3, 4% Fe/SiO2-Al2O3, pristine SiO2, pristine Al2O3 and SiO2-Al2O3 

catalyst at different reaction conditions. 

54 

5.4 Hydrotreatment results of methyl oleate with 10% Fe/SiO2-Al2O3 at 380°C, 5 bar and 5h with 
different weight loading (Entry 1-6). 

58 

6.1 Lattice constant a (in Å), atomic volumes (Å3), magnetic moment (in µB), bond distances, 

formation energies (in eV). 

69 

6.2 Magnetic parameter of LiMn2-xGdxO4 samples. 71 

 
 
 
 
 
 
 
 
 
 

... 

 
 
 
 
 
 
 
 
 



 
 

 xviii 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 xix 

List of Symbols 
 

Symbol Description 
  

 Alpha  

 Beta 

 Pie 

Å Angstrom 

Kapp Apparent reaction rate constant at time t 

R2 linear regression coefficient 

C=O Carbonyl group 

e- Electron  

h+ Hole 

max Maximum wavelength  

pH Potential of hydrogen 

em Emission wavelength 

ex Excitation wavelength 

CSC Chemical capacitance 

TN Neel temperature 

 ohm 

ϴ Theta 

CT Electrolyte capacitance 
-NH2 Amino group 

m Micrometers 

cm centimeter 
mm Millimeter 
nm Nanometer 

M Micromolar 

mM Millimolar 
mV Millivolt 
mA Milliampere  
dec Decade 

% Percentage  

Wt.% Weight percentage  
-OH Hydroxyl group 
-O-CH3 Methoxy group 

O2*− Superoxide radical anions 

cm Centimeters 
ºC Degree celsius 
C0 initial concentration 
HCl Hydrogen chloride 
n Binding parameter 

L Microliters 

mL Milliliter  
Hz Hertz 
V Voltage 
eV electron volt 
M Molarity 
N Normality  
KOH Potassium hydroxide 
KHz kilohertz 
Hz hertz 
iR internal resistance 
RS Series resistance 
Rct Charge transport resistance 

Cs Specific capacitances 

Cdl double-layer capacitance 

... 



 
 

 xx 



 
 

 xxi 

List of Abbreviations 
 

  
a.u. Arbitrary Unit 
B.E. Binding Energy 
BET Brauner Emmett Teller 
BJH Barrett Joyner Halenda 
CB Conduction band 
cc cubic centimeter 
CE   Counter Electrode 
CIF Ciprofloxacin 
CPE  Constant Phase Element 

CR Cresol Red 

CS Carbon sphere 
CV  Cyclic Voltammetry 
DCX Decarboxylation 
DCN Decarbonylation 
DCO2 Decarboxylation 
DFT Density functional theory 
DI De-ionized 
DRS  Diffuse Reflectance Spectra 
ECSA Electrochemically active surface area 

EDTA Ethylenediaminetetraacetic acid 
EIS  Electrochemical Impedance Spectroscopy 
EPR Electron spin resonance 
FAME Fatty acid methyl esters 
FCC  Face Centered Cubic 
FE-SEM  Field Emission Scanning Electron Microscope 
FWHM  Full Width Half Maximum 
GC Gas chromatography  
HDO Hydrodeoxygenation 
HER Hydrogen Evolution Reaction 
HF Hydrofluoric 

HOMO  Highest Occupied Molecular Orbital 
HRMS High-Resolution Mass Spectroscopy 
HR-TEM  High Resolution Transmission Electron Microscope 
IBP Ibuprofen 
ICDD  International Centre for Diffraction Data 
JCPDS  Joint Committee on Powder Diffraction Standards 
LMO Lithium Manganese Oxide 

LUMO  Lowest Unoccupied Molecular Orbital 

MB Methylene blue 

MO Methyl orange 
MOFs Metal-organic frameworks 

MX MXene 

NMR Nuclear magnetic resonance spectroscopy 

PL  Photoluminescence Spectroscopy 
rpm Revolution per minute 
RHE Reversible Hydrogen Electrode 
SAED  Selected Area Electron Diffraction 
TEM Transmission electron microscopy 
TGA Thermal Gravimetric Analysis 
TPD Temperature Programmed Desorption 
UV-vis  Ultraviolet-Visible Spectroscopy 

VB Valence band 

XRD  X-ray Diffraction 
XPS  X-ray Photoelectron Spectroscopy 

 
 



 
 

 xxii 

 


