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ABSTRACT

In recent years, utilizing two-dimensional materials has attracted much attention due to the exclusive features like high specific
area and high surface activity. Among the diverse 2D materials like graphene and disulfides, Mxene is a newly developed mate-
rial that could be achieved from MAX phases. These materials contain a metallic element mainly from transitional metals like
titanium, molybdenum, niobium, or chromium, with carbon or nitrogen and groups like fluoride, oxygen, or hydroxide. Con-
sidering their unique properties, the range of applications of the Mxene is developing. Therefore, it is essential to understand
better these newly developed two dimensional materials, their structures, synthesis methods and the parameters that could
optimize the achieved properties. Furthermore, more Mxenes could be achieved by designing and synthesizing more MAX
phases, which could be used in more applications. In this study, we tried to introduce a history of the Mxene and emphasize
its features, synthesis methods, and application.
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45. Sodium hydroxide
46. Deaerated water

http:metalleng.ir/

W 33,15 g s (S y9, 2 (T (55950 3 smunsSlo (G2s 93 (gl )Uis Lo

)‘ J.“j.' < aS cuwl od.;)s.';- kS’L'Mu ools s.i) HF u...owib
08 S 5515 51 aS [V Fleadd STl solitul g cdew
DTS oo 5l YU Gulin 13 03 sl o

S5l Ko SIS
Joloe S5 oSG 55895000 al SUjlas Conle 4 azgi b
el 5 (LF) w5l poeid (g5l HF 4 Cod Sedle
Syslg0ee del Joloe JoSi5 sl (HCD) o005
(Jgeso yob 4y .0l ol bl @l @ glows lp (HF)
HCl Jolowo 4y pylae 05 o2 b g 3U1 (slos jo LiF 0,
(L0-Y) o5 cdale b HF Glas Jolxo b 598 oo 05933
VIl coss & F aloles 3ol

LiF(aq)+HCl(aq) =HF(aq)+LiCl(aq) )

9 Sl HE (39 ailiee (398 Lgliee s MAX 5 (04331
Selo TF sga> (2Sly (penSe 5l Jol> Sl 0 as
HCl & LiIF o a5 clls az gy b owsS vales Job
Tanlp bl g TEy 9b (sl ojlal weuhS (g5
L el alb (Jle glae a4 o)l cowal Ti,CT ol
Sl ol S b a4y el mlaw bg 25,5 o5l
Bys U 5o S al nj wies e ol 1y o5V
L) 0,8 5 STy asme yo LIF 7' i 1S 010 092
o3lail p Oul 4 wilgs oo Dgol 3 Ml g,y (0,8 pas
ol 4 2% 5 5 o S 5 LepeSe il
Yaore Dgold hgy j0 eolaiul 550 diged ojlail ¢ Jlis
O sl abifo o g0 Slami g9l 9 9,500 2
Slad)y bugie (2ye &5 Dgolp Jleel o slasis,
ol A St 30 a5 jslailan cansl (39,5u0 T Lo yonnSia
IV] e sos ools

sl Y o S8 LiIF-HCI gl g, sl 5 S0 (SO
Aol s (o el Jols 5nSe jo pod slaye
ouls gl oS b anslas o m-MXene slaay¥ (yo
T e I3 S 958 oo el a5 el 115 L HF o
P 3 gelannST sloplSe g 09d pll yim e
75 B e 5 6, B jlee o )lse (al 055 ol
ol g LIS o) (o lgre @ .l ous 0ol
o9y 5l ookl b S S 59,000 old aS wssls yliad
ooladl 598 cud b L S35 Conls g 00l 4l LIF-HCI
Ivlsls 1, 7L

39. Nanosheet lateral size

40. Processibility

41. Relative fraction

42. Situ intercalation
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47. Intercalants

48. Polar organic molecules
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61. Epitaxial

62. Xu

63. Geng

64. Precipitation-limited
65. Diffusion-limited
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55. Intercalation-sonication

56. Tetraalkylammonium ions
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66. Mono-M
67. Ordered out-of-plane double-M elements
68. Ordered in-plane double-M elements
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77. Functional groups

78. Defect concentration
79. Delamination yield

80. Lateral sizes

81. Heat exchangers

82. Electrical contacts

83. Bearing

84. Mechanical flexibility
85. Stretchability

86. Electromagnetic shielding
87. Sewage disposal

88. Sensors

89. Electronic-paper display
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70. Sandwiches .

71. Stacking
72. Atomic-resolution scanning transmission electron microscopy

73. Highresolution transmission electron microscopy
74. Electron energy-loss spectroscopy

75. X-ray photoelectron spectroscopy

76. Nuclear magnetic resonance
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102. Bipolar magnetic semiconductor
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90. Oxygen terminated
91. Functionalized

92. Hydroxyl

93. Fluorine

94. Bare

95. Oxygen terminate
96. Long-range ferromagnetic order
97. Spin-electrics

98. Magneto-optic

99. Nonmagnetic

100. Antiferromagnetic
101. Br terminated
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109. Double-M structures
110. Density of states
111. Defects
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103. Phonon frequency analysis
104. Binding energies

105. Direct band gap semiconductor
106. Lewis acidity

107. Configurations
108. Fermi level
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121. Bending rigidity

122. Terminations

123. Energy-related heat dissipation devices
124. Continuous size miniaturization

125. Phosphorene

126. Armchair

127. Zigzag directions
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112. Free movement of electrons
113. Doping
114. Electric densities

115. Electronic density of state
116. Density functional theory
117. Physical absorption

118. Electrostatic attraction
119. Soybean phospholipid
120. Drug transport
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137. Luminescence efficiency
138. Emission colors

139. Plasmonic and non-linear
140. Glucose

141. Dopamine

142. In vivo

143. Multilayered

144. Vacuum filtration
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128. Magnetic moments

129. Photocatalytic

130. Photovoltaic

131. Optoelectronic

132. Photothermal therapy

133. Hydrazine

134. Urea

135. Tetramethylammonium hydroxide
136. Visible range
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