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Abstract : MXene is another two dimensional material which is as of late found in 2011, it 

incorporates transition metal nitride and metal carbide. Mxene show different applications 

in fields like catalysis, detecting, clean energy, power devices, super capacitors and 

electronics. This review focuses on the research done on the electrochemical detecting 

properties of Titanium carbide MXene from year 2015- 2020, we have examined the 

electrochemical sensors fabricated by using Ti3C2Tx for biomedical application, 

biomolecule detection and environmental monitoring. 
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Introduction 

2D materials are popular for their novel chemical, physical and electric properties. These 

properties 2D materials are suitable for energy storage, catalysis and electronic applications 

[1, 2]. Some of known two dimensional nanomaterials are graphene nanosheets and MoS2 

nanomaterials. Recently another group of 2D materials have been found referred to as mxene, 

which contain transition metal nitrides, carbides and carbonitrides. MXene are first 

discovered in 2011 by researchers at Drexel University [3]. MXene are synthesized from 

MAX phase by a process of selective etching of A atomic layer, where M refers to early d-

block transition metals, A is element from group 13 and 14 elements and X stands for Carbon 

or Nitrogen atoms [4]. The MAX phase is a firmly stuffed multilayer structure consisting of 

alternate atomic layers M and X, with solid M-X and weak M-A bonds in this max phase 

(Fig.1). The general formula for representing two dimensional MXenes is Mn+1XnTx, where 

T represents surface functional groups such as -OH, =O and –F and n are integers from 

1,2,3………. Fig 1. 

Mxene has recently drawn considerable interest from researchers due to their special layered 

morphology, enormous surface area, good thermal stability, high electric conductivity, 

excellent hydrophilicity and environmental friendly characteristics. These remarkable and 

amazing attributes of MXene makes them valuable for energy storage [5], catalysis [6], 

ecological remediation [7], and detecting purpose [8]. MXene have comparative properties to 

those of other 2D materials, for example, graphene, metal oxide(MO) etc. since mxene have 

better properties in this manner it could be a best option in comparison to other 2D materials. 

Mxene are made of non toxic elements and also their decomposed byproducts are non toxic 

therefore mxene could have number of applications in environmental remediation 

applications [7]. 2D materials such as MoS2 and graphene [9,10] have been highly researched 

in past years for developing sensing instruments. However these 2D materials have a few 

downsides such as low electric conductivity, high hydrophilicity and trouble in surface 
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functionalization. MXene is good option in contrast to other 2D materials, since it has electric 

conductivity, high hydrophyllicity, good ion intercalation behavior and simple 

functionalization also mxene could be easily produced at large scale. All these properties are 

ideal for developing high performance electrochemical biosensors. 

Synthesis  

MXene are synthesized by etching of atomic layers A (of main group s and p elements) from 

MAX phases. MAX phase have hexagonal structures made out of MX (transition metal 

carbide or nitrides) layers which are held together by interleaved atomic A layer. To get 2D 

MXene from MAX phase, the removal of A atomic layer is essential step, which is not 

possible by physical methods because of strong M-A bond in MAX phase. Synthesis of 

MXene by exfoliation method is a top-down approach. Synthesis of MXene generally 

involves the breakage of large bulk precursors, these precursors are of two types first are 

Non-max phase precursors and second are max phase precursors [11]. Generally MAX phase 

precursors are used for mxene production due to their high efficiency [11]. By selective 

etching of Al layer, single layered MXene are obtained. In this process MAX phase is first 

treated with etching reagent and then followed by sonification to obtain single layer MXene 

[12,13]. MXene can be synthesized by two techniques, first involves the use of HF etchant 

and second involves non-HF etchant.. In HF etching method aqueous HF acid is used as 

etchant. The synthesis of mxene takes place three steps, chemical reaction between aqueous 

HF and MAX Ti3AlC2  
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Step 1 involve the removal of Al layer by the action of HF on max phase, in step 2 and 3 the 

surface termination of MXene surface takes place with F and OH groups. Ti-Al bond present 

in MAX phase breaks and new Ti-OH and Ti-F bonds are formed in reaction [14]. In this 

method HF concentration plays very significant role in the quality and quantity of MXene, 

high concentration of HF (>40% v/v) products well isolated layered structure with low 

crystalinity where as low concentration of HF don't deliver good morphology and accordion 

like shape [15]. Mxene synthesized by this method have multilayered structure and needed to 

be treated further to obtain single layer. To remove this problem new method are developed. 

This new method involve the use of non-HF etching, in this method HF is generated during 

the reaction by reacting acid with fluoride usually HCl and LiF mixture is used [11].  

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

This method has some advantages over HF method some are high exfoliation yield, low 

sonification time, less defects, easy to handle and less hazardous [16]. After etching next step 

involve filteration and centrifugation of reaction mixture to get solid having accordion like 

loosely packed structure. Reaction mixture is centrifuged for 10 minutes so that solid product 

can settle down, after that solid product is collected and washed with double distilled water 

for 2-3 times until the pH of the product comes in the range of 4-6[17,18,19].  
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Fig.1. (a) Synthesis of MXene from MAX phase by using HF etchant. (b) Synthesis of 

MXene nanosheets through non-HF etching (generally hydrochloric acid and metal fluoride 

mixture is used) with and without sonification 

Exfoliation and surface modification/functionalization  

Mxene synthesized by HF etching have multilayered structure, these layers were held by 

weak vanderwall forces and hydrogen bonding. Single layer mxenes are obtained by 

delaminating multilayer mxene. Delamination is performed by using intercalating agents, 

these agents increases the interlayers distance by weakening the interlayer distance. There are 

two types of intercalant, organic intercalant and metal intercalants. These were added into the 

reaction mixture before sonification to exfoliate multilayer mxene. The first type of 

intercalants are metal ions such as metal halide salts and metal hydroxide in aqueous solution. 

For example when LiF/HCl is used for synthesis, Li
+
 ions intercalate between the interlayers 

of Mxene. Second type of intercalant are organic molecules, generally polymeric organic 

molecules and ionic molecules are more effective intercalants. Dimethyl sulphoxide (DMSO) 

is very effective for Ti3C2Tx mxene but can’t be used for other mxene [20], isopropyl amine 

can be used for Nb2CTx, Nb4C2Tx, Ti3C2Tx [21]. Other intercalating agents are 

tetrabutylammoniumhydroxide(TBAOH), [22] tetramethylammoniumhydroxide(TMAOH) 

[23], and urea [24].    

MXenes exists in the form of layers that provides it novel chemical, electrical, ion transport 

and physical properties, these novel properties are responsible for various applications of 

MXene material [25-27]. Due to high metallic conductivity and small band gap 
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characteristics, MXenes have good electrical conductivity, which makes it suitable for super 

capacitor and Li-ion battery applications etc. [28] 

Mxene as sensors 

The surface of MXene is tremendous which allows the functional groups to effectively 

immobilise on the surface. It has demonstrated considerable possibilities for sensing 

applications due to the high electric conduction and low electron transfer resistance. MXene 

can be used for biosensing applications because of its properties like novel morphology, 

enormous surface area, good electric conductivity, easy functionalization and 

biocompatibility. Electrodes based on MXene are effective transducers that deplete biological 

receptors on their surface and thus help to attain DET, high selectivity and sensitivity. The 

MXene based electrochemical luminescence sensor is designed to detect label-free single 

nucleotide mismatch in human urine sample. Ti3C2 becomes more negatively charged after 

terminating with OH groups which increases its electrical conductivity (such as 6500 S cm-

1). Using MXene and Nafion the solid state Electrochemical Luminescence (ECL) sensor 

was developed. MXene provides good conduction capability for the composite film and 

increases Ru(bpy)3
2+

 adsorption on the surface of the electrode. An extremely low analyte 

concentration can be detected by this sensor which shows very low 5nM detection. The 

biosensor demonstrates outstanding reproducibility (RSD=0.69%) and good stability [29]. A 

titanium carbide composites based electrochemical sensor was developed for Dopamine (DP) 

detection in blood. Ti3C2Tx nanosheets are stabilized with Nafion. Sensor shows excellent 

sensitivity, stability, selectivity and large detection range of 0.015-10 micro molar. This 

sensor is extremely sensitive to dopamine showing 3nM detection limit. This high biosensor 

sensitivity is due to strong electrical conductivity, low resistance to charge transfer and 

enormous surface area for successful functional group immobilization [30]. For gliotoxin 

identification, an electrochemical biosensor is generated based on DNA/MXene 

nanocomplexes. MXene provides medium for DNA immobilization which are integrated into 

MXene surface through interactions between titanium atoms and DNA phosphate groups. 

MXene (Ti3C2Tx) provides the biosensor both stability and good sensing ability. The 

tetrahedral DNA non-structure is used as a gliotoxin binding site and Pristine/Ti3C2Tx is 

used as an electrocatalyst for electrochemical sensing. For Ti3C2Tx/GCE and GCE, the charge 

transfer resistance is 616 and 898 ohm respectively, which show’s that the resistance value of 

biosensor decreases when MXene material is used with GCE. Biosensor exhibit low LOD 

(5pM) and large detection range of 5pM to 10nM [31]. Mxene based electrochemical sensor 

for nitride detection have been documented by H. Liu et al.  Here hemoglobin modified 

mxene nanocomposite is used for nitride detection. Mxene improved the electron transfer rate 

and hence increased the electric conductivity of biosensor, which results in immediate 

transfer of electron from Hb to electrode and hence increases the selectivity of biosensor for 

nitrite (NO2). Biosensor shows very low detection limit (0.12 μM) and large detection range 

of 0.5 to 11800 μM [32]. Lorencova et al. reported an electrochemical sensor for hydrogen 

peroxide sensing. This mxene (Ti3C2Fx) based biosensor shows very high sensitivity for H2O2 

with 0.7 nM detection limit. In another work Pt modified MXene nonocomposite are drop 

casted on GCE. This biosensor shows 448 nM detection limit and its senstivity is not 

compromised by the presence of other redox molecules [33, 34]. The development of an 

electrochemical sensor for adrenaline detection in blood was reported by S. Sankar et al. 

Biosensor was constructed with MXene/GCPE nanocomposite, which can detect adrenaline 

in presence of phosphate buffer at 7.4 pH with 99.2–100% sample recovery. This biosensor 

exhibits very low detection limit of 9.5nM [35]. D. song et al. fabricated mxene based 

electrochemical sensor for pesticides detection. MnO2/Mn3O4 microcuboids and Ti3C2 
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MXene/Au nanocomposites are used to build this biosensor. The sensor demonstrated a 

remarkable performance for methamidophos detection when optimal conditions are applied. 

Mxene has characteristics that improve the electron transfer rate while promoting 

electrochemical reaction, such as a high conductivity, wide area and high biocompatibility. 

Sensor offers 1.34 × 10
-13 

M detection limit and long 10
-12

 M to 10
-6

 M detection range [36]. 

An electrochemical carbendazine sensor was developed by J. Yang et al. Delaminated 

MXene nanosheets were deposited on GCE and fluorine terminated MXene (Ti3C2Tx) 

nanosheets improves the electrochemical sensing of biosensor for carbendazim [37]. S. Zhou 

et al. reported the fabrication MXene/polyoxometalate nanocomposite for osteopontin (OPN) 

detection. Ti3C2Tx MXene is modoified with polypyrrole to form Ti3C2Tx/polyoxometalate 

nanohybrid and composed with Ti4
+
 and Mo4

+
 ions (integrated with graphene sheets). After 

that OPN-targeted aptamer strands were immoblized on PPy@ Ti3C2Tx /PMo nanohybrid. 

The biosensor presents ultra-sensitive detection with low LOD (0.98 fg/ml) and long 

detection range (0.05 pg/ml to 10.0 ng/mL) [38]. The MXene based electrochemical sensor 

was manufactured by depositing Nafion/Ti3C2Tx composite on GCE for Bromate (BrO3) 

detection in water. The biosensor showed wide detection range (50 nM-5 μM) and low LOD 

(41nM) [39]. S. Sun et al. modified Ti3C2Tx mxene sheets with W18O49 nanorods to fabricate 

an electrochemical biosensor for acetone detection.  W18O49 nanorods (NRs) were 

homogeneously deposited on mxene nanosheets by solvothermal process. The biosensor 

exhibits high acetone sensitivity having very low detection limit, i.e. 170 ppb, and a wide 

11.6 to 20 ppm detection range. The biosensors showed high sensitivity because of the 

homogeneous distribution of W18O49 nanorods (NRs) over MXene surface [40]. R. Huang 

et al. designed MXene based electrochemical sensor to detect hydroquinone (HQ) and 

catechol (CT) in industrial waste water. The biosensor was built by depositing MWCNTs on 

MXene nanosheets. The detection limit of this biosensor is 6.6 nM for HQ and 3.9 nM for CT 

which is very low and has a large detection range of 2 - 140 μM [41]. Mxene based 

electrochemical sensor was fabricated by J. Jiang et al. for the detection of organophosphate 

pesticides. Ag@ Ti3C2Tx nanocomposites are fabricated by Ag metal reduction with MXenes, 

followed by acetyl cholinesterase (AChE) immobilization on the surface of MXene. 

Malathion was detected by this electrochemical sensor in the 10
-14

 - 10
-8

 M concentration 

range.  Biosensor works on enzymatic inhibition pathway principle [42]. R. B. Rakhi et al. 

fabricated Au/MXene based biosensor for glucose detection. The electrochemical biosensor 

is very sensitive for glucose which is due to the presence of glucose oxidase. Biosensor 

GOx/Au/MXene/Nafion/GCE shows a very low 5.9μM detection limit. Au nanoparticles 

improve the electrical conductivity of the composite, and Nafion also reduces the interfering 

signals because of its –ve charged polyelectrolyte matrix [43]. P. Rasheed et al. reported a 

mxene based electrochemical sensor for L-cysteine (L-Cys) detection, which was synthesized 

by modifying MXene with Pd nanoparticles (NPs). This sensor exhibits a very low LOD 

(0.14mM) and large detection range (0.5 - 10mM) [44]. H. Tai et al. fabricated TiO2/ Ti3C2Tx 

MXene based electrochemical sensor detecting NH3 gas. This bilayer TiO2/Ti3C2Tx 

nanoomposite was fabricated by mixing TiO2 with mxene nanosheets, which increased its 

sensing properties. The TiO2/Ti3C2Tx sensor reacts to very low ammonia concentrations (0.5 

ppm) and has a wide detection range of 2-10 ppm. [45]. F. Zhao et al. fabricated 

electrochemical biosensor by altering 2D MXene nanocomposites with Au-Pd nanoparticles. 

Au-Pd nanoparticles have improved catalytic efficiency and serve as a tool for the 

immobilization of acetyl cholinesterase. This biosensor is very sensitive to 

organophosphorous pesticides and has a low 1.75 ng L-1 detection limit and  large detection 

range (0.1 - 1000 μg/L).  

Mxene based electrochemical (bio) sensor 
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This section covers sensing applications for the identification of medicinal agents, 

environmental toxins and biomarkers with electrochemical sensors based on MXene. All the 

processes of synthesis, electrochemical responses of nanocomposite are discussed briefly. 

The purpose of this review is to highlight the advancements in electrochemical properties 

(sensitivity, stability, selectivity, detection range, detection limit etc.) of MXene 

nanocomposites. Table 1 summarizes the MXene-based sensors for different types of 

detection. 

1. Detection of biomarkers  

According to a report of National Cancer Institute (NCI), biomarkers are very important 

biological molecules which are present in the blood and tissues. These biomolecules can be 

recognized as an indication of typical/anomalous biological processes and pathogenic 

conditions / infections. Therefore the detection of these biomarkers can become an important 

step in the clinical field for early finding of diseases and risk assessment. This increases the 

possibility of effective and rapid treatment, and therefore it can increase the life. These 

biomarkers can be detected in tissue samples and body fluids (blood, urine) in a non-invasive 

way. In recent years electrochemical sensors has shown various possibilities for biomolecule 

detection, hence electrochemical bio sensors may be a reliable option for non invasive 

measurements. 

MXene based sensor for the detection of breast cancer biomarker Mucin1 

Mucin1 is identified as a biomarker because of its irregular presence in tumor tissues. In 

breast cancer patients MUC1 is highly expressed as compared to normal people [47]. 

Therefore, it becomes very important to detect MUC1 for the early diagnosis. H. Wang et al. 

reported the development of electrochemical bio sensor for detecting breast cancer biomarker 

Mucin1 [48]. In this work MXene nanosheets (Ti3C2) were used for fabricating 

electrochemical biosensor. Ferrocene-labeled DNA was first bounded on MXene surface to 

fabricate cDNA-Fc/MXene probe. After that AuNPs were electrodeposited using the 

chronoamperometry process on GCE surface And then MUC1 aptamer was fixed on 

electrode surface through Au-S bonding to fabricate Apt/Au/GCE electrode. After that 

Apt/Au/GCE was immersed in cDNAFc/MXene solution and washed with PBS buffer 

solution. Thus the developed electrochemical aptasensor cDNA-Fc/MXene/Apt/Au/GCE was 

utilized for MUC1 detection. 
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Fig.2. Schematic representation of the manufacture procedure of electrochemical aptasensor 

for identification of cancer marker MUC1. Reprinted by permission from Ref. [48]. 

Copyright 2020, Elsevier.    

In Fig.3 the EIS spectra of modified electrode and bare Glassy Carbon Electrode are given, 

where curve a and b are for bare GCE and AuNPs modified electrode respectively, modified   

electrode has relatively small semicircle as compared to bare GCE, because of the higher 

conductivity of  AuNPs which accelerated the electron transfer rate. After modifying 

Au/GCE with Apt, the size of the semicircle increases significantly this increase in size is due 

to the nonconductive nature of Aptamer (curve c). The curve d showed that the size of the 

semicircle continued to increase as the cDNA-Fc/MXene probe was deposited on 

Apt/Au/GCE. When sensor was used for MUC1 sensing, a process occurs between 

cDNAferrocene/MXene and MUC1 probes, in this process mxene probe detaches from 

electrode, which decreases the electrical signal of sensor. The binding of biomarker with 

Aptamer facilitate the release of probe which was confirmed by decrease in semicircle 

diameter shown by curve e. These changes in peak current height, before and after the 

detection are utilized to detect MUC1. The biosensor shows large detection range (1 pM to 10 

µM), low detection limit (0.33 pM), 99.0-100.2% recovery, and 1.23-6.16% RSD in serum 

samples.  



European Journal of Molecular & Clinical Medicine 

                                                                              ISSN 2515-8260             Volume 07, Issue 07, 2020             4436 

 

4436 
 

 

Fig.3. EIS spectra of different electrodes (a) GCE, (b) Au/GCE, (c) Apt/Au/GCE, (d) 

cDNAFc/MXene/Apt/Au/GCE and (e) MUC1/Apt/Au/GCE. Reprinted by permission from 

Ref. [48]. Copyright 2020, Elsevier.    

D. fang et al. reported MXenes based dual-mode probe for exosomes sensing in which black 

phosphorus quantum dots were deposited on mxene surface [49]. Ti3C2 MXene was first 

synthesized using HF etchant and then the ECL bioprobe (MXenes-BPQDs@Ru(dcbpy)3
2+

-

PEIAbCD63) was created. BPQD’s catalysed the electrochemical oxidation of Ru(dcbpy)
2+

3  

and enhanced ECL signal. This enhancement in ECL signal was due to the electrochemical 

nature of BPQD. BPQD acts as coreactant of luminophore Ru(dcbpy)
2+

3  and improves ECL 

emission. Ru(dcbpy)
2+

3 - BPQD composite was deposited on GCE and a much higher ECL 

signal was obtained because of the shortening of electron transfer distance among 

luminophore and coreactant. MXene-BPQD nanocomposites have a major impact on 

amplifying the ECL signal because of unique electronic properties of both MXene and 

BPQD. MXene have excellent metallic conductivity and BPQD exhibit unique electronic 

properties due to their ultra small size. Then GCE was modified with SiO2 nanourchin 

(NU’s), after that Ionic liquid was dropped onto SiO2 NU’s/GCE, followed by aptamer 

deposition on modified electrode followed by incubation for 40 minutes. Then exosomes are 

deposited on modified electrode. At last the fabricated ELC bioprobe was dropped on 

modified electrode (exosome/Apt/ILs/SiO2NU’s/GCE) and allowed to incubate for 50 days. 

The obtained ECLprobe/exosome/Apt/ILs/SiO2NU’s/GCE biosensor was stored at 4 °C for 

reuse. ECL biosensor has excellent sensitivity for exosome, it has very low detection limit of 

37particle/μL. It exhibited wide detection range (1.1×10
2
 to 1.1×10

7
 particle/μL) and 96 to 

106 precent recovery for HCF-7 and Hela cells.  

MXene based biosensor for the detection of Mycobacterium tuberculosis bio marker 

J. Zhang et al. reported the development of MXene (Ti3C2) based electrochemical sensor for 

Mycobacterium tuberculosis detection [50]. Electrochemical sensor is made of two parts one 

is capture probe and second as signal amplifier transduction material, acts as capture probe to 

bind with target biomarker (16S rDNA fragments for M. tuberculosis) and MXene acts as 

signal amplifier transduction material. Mxene has hydrophilic nature, high conductivity and 

large surface area, mxene can interact with huge number of bio molecules due to its hydroxyl, 

and oxygen terminated surfaces and enormous surface area. When certain fragments of 16S 
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rDNA of M. tuberculosis are present in the sample, hybridization takes place between target 

and PNA probe, which exposes a large no of phosphate anchoring sites of target biomolecule 

to sensing surface of electrode. Therefore zirconium cross connected Ti3C2 MXene can 

connect directly to the phosphate group and close the gap between the disrupted AuNPs at the 

network electrode. It results in a change in the conductance of the electrode and confirms the 

detection of M. tuberculosis. Sensor exhibits low detection limit (LOD) of 20CFUml
-1

. 

Biosensor exhibits high sensitivity and specificity of 91.7% and 89.3% respectively. The 

reported biosensor takes 2h to show the result as compared to the traditional culture method 

which require 21 days to obtain results. The proposed biosensor was faster, simpler, less 

expensive, has wider linear detection range and and higher sensitivity compared to other 

techniques. 

Sensor for Acetone 

Acetone is very important biomarker for diabetes, acetone sensors are used to detect acetone 

concentration in human breath. It is viewed as basic marker for the analysis of patients with 

diabetes. S.Sun et al. reported the construction of W18O49/Ti3C2Tx nanocomposites for 

acetone gas sensing [51]. Mxene is a 2D substance with possible applications for gas sensors 

and biosensors. The functional groups present at the surface of mxene can serve effectively as 

active gas adsorption sites. Tungsten oxide (WOx≤3) has outstanding chemical stability, low 

cost, fast synthesis and diversity of structure. They have several vacancies for oxygen, which 

function as additional active gas adsorption sites. Tungsten oxide has excellent chemical 

stability, low cost, easy synthesis and structural diversity. To improve the sensing activity, 

WOx≤3/mxene based nano-composite was fabricated which acts as very sensitive platform for 

acetone gas sensing. Sensor exhibits low detection limit of 170ppb acetone. Mxene sheets 

acts as templates for anchoring WOx≤3 nano rods. W18O49/Ti3C2Tx nano-composite is made 

using a solvothermal facile method. W18O49/Ti3C2Tx nanocomposites showed huge 

enhancement for acetone sensing compared to W18O49 nano rods and Ti3C2Tx Mxene sheets. 

Sensor exhibited high sensitivity, selectivity, stability, high response for low concentration, 

rapid response and very low detection limit (170ppb). 

2. MXene based sensor for pharmaceutical 

MXenes has also been used for the delicate characterization of therapeutic agents in addition 

to the analysis of biomarkers. In this part, we audit the new advancement in the use of 

MXene for electrochemical detecting of remedial compounds. The most alluring properties of 

MXenes are high surface area, high electrical conductivity, 2D layered morphology, 

hydrophilicity and biocompatibility which are utilized with different nanomaterials for 

electrochemical detection. Conventional detection methods namely mass spectrometry, 

chromatography, and immunoassay are heavily burdened with difficult instrumentation, high 

analysis costs, and many sample preparation measures that delay the availability of test 

results. In contrast, nanomaterial based electrochemical (bio) sensors are designed with 

excellent sensitivity, selectivity, rapid detection, and more flexible design [52, 53]. 

Kalambate et al. fabricated MXene/MWCNT/chitosan electrochemical sensor to detect 

sumatriptan(SUM), ifosfamide(IFO), acetaaminophene(ACOP) and domperidone(DMO) 

[54]. By selectively etching the Al layer using aqueous HF, Ti3C2 MXene was synthesized 

from the max phase, after that Ti3C2 MXene and MWCNT were added to chitosan solution 

and mixture was ultrasonicated. After sonification the suspension of Ti3C2/MWCNT’s/chit 

was drop casted on GCE and thus Ti3C2/MWCNT’s/chit/GCE electrode was obtained. 

MXene show excellent electronic conductivity which makes it suitable for electrochemical 
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applications. Mxene shows well separate accordion like structure (fig. 4b), Mxene nanosheets 

provides large surface area for MWCNT’s entrapment and offer sufficient space for MWCNT 

deposition on the surface and also on interlayers of mxene.(fig1c.) MWCNT acts as separator 

and bridges the gap between Ti3C2 interlayers and produces a conductive network. The 

occurrence of C, Ti, O, F in nanocomposites is verified by XPS spectra of Ti3C2 and the 

active etching of the Al layer from Ti3AlC2 is also confirmed. XPS spectra of Ti3C2 and 

Ti3C2/MWCNT confirmed the occurrence of C, Ti, O, F elements while intensity of C 1s is 

high for Ti3C2 /MWCNT which ensures the presence of MWCNT (fig 5a). Electrochemical 

studies of MXene/MWCNT’s/chit/GCE electrode are performed to test its selectivity and 

sensitivity.  
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Fig.4. (A)Schematic demonstration of Ti3C2 MXene and Ti3C2/MWCNT/Chit 

nanocomposite synthesis process. (b) SEM images of Ti3AlC2 (a) before and (b) after 

treatment with HF; SEM images of (c) Ti3C2/MWCNT low magnification (d) 

Ti3C2/MWCNT/Chit composite. Reprinted by permission from Ref. [54]. Copyright 2020, 

Springer Nature.  

CV response of changed electrode demonstrated well outlined redox peaks (fig. 5b) of 

[Fe(CN)6]
3-

 complex. The peak current of Ti3C2/MWCNT/chit/GCE is greater than 

Ti3C2/GCE but less than Ti3C2/MWCNT's/GCE, which is because of insulating nature of 

chit. Redox peak current proportion (Ipc/Ipa) of uncovered GCE, Ti3C2/GCE, MWCNT’s/GCE 

and Ti3C2/MWCNT’s/chit/GCE are 0.752, 0.89, 0.921, 0.964 respectively. The active surface 

area was 0.024cm2, 0.035 cm2, 0.044 cm2 for GCE, Ti3C2/GCE and 

Ti3C2/MWCNT/chit/GCE. The effective area of Ti3C2/MWCNT’s/chit/GCE was 1.83 times 

higher compared with bare GCE, this confirms the enhanced electric conductivity of 

Ti3C2/MWCNT’s/chit/GCE nanocomposites. In the modified electrode/electrolyte interface, 

the EIS analysis demonstrated electrochemical interfacial properties. Fig. 5c showed the 

Nyquist plots of GCE, Ti3C2/GCE and Ti3C2/MWCNT’s/chit/GCE, these plots showed large 

semicircle for GCE which decreases considerably upon modification with Ti3C2 and 

Ti3C2/MWCNT’s/chit nanocomposites. Rct(charge transfer resistance) value of GCE, 

Ti3C2/GCE and Ti3C2/MWCNT’s/chit/GCE are 1.53, 1.04 and 0.69 kΩ, respectively which 

confirms enhanced electron transfer kinetics at electrode/electrolyte interface. Fig. 5d-g 

shows the CV plots of IFO, DOM, SUM and AOCP on GCE, Ti3C2/GCE and 

Ti3C2/MWCNT’s/chit/GCE electrodes. The oxidation peaks of these analyte are more intense 

at Ti3C2/MWCNT’s/chit/GCE electrode as compared to Ti3C2/GCE and bare GCE, which is 

due to the high electron transfer rate of modified Ti3C2/MWCNT’s/chit/GCE electrode. 

Oxidation process of these molecules (IFO, SUM, DOM) is irreversible confirmed by the 

absence of reduction peaks for these molecules, except AOCP which showed less intense 

reduction peak indicating its quasi reversible behavior. CV plots show that the oxidation peak 

current for each analyte was high on modified electrode as compared to bare GCE.  
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Fig.5 (a) XPS spectra of Ti3C2 and Ti3C2/MWCNT (b) Cyclic voltammograms and(c) 

Nyquist plots of GCE, Ti3C2/ GCE, Ti3C2/MWCNT/GCE, and Ti3C2/MWCNT/Chit/GCE. 

Cyclic voltammogram of IFO (d), ACOP (e), DOM (f), SUM (g)  on the surface of these 

electrodes. Reprinted by the permission from Ref. [54],Copyright 2020, Springer Nature. 

The synergistic effect of Ti3C2 mxene and conducting MWCNT’s has enhanced the 

sensitivity of sensor, enhanced electrochemical reaction and electrode kinetics at electrode 

surface. This biosensor was used for analyte analysis in blood and urine samples. Biosensor 

has effectively detected DOM, IFO, SUM, and ACOP in the concentration range 0.0046–7.3, 

0.0011–1.0, 0.0033–61, and 0.0042–7.1μM with low LOD of 0.00034, 0.00031, 0.00042 and 

0.00028 μM respectively. This sensor showed high sensitivity for four analyte and response 

do not change in the presence of interferences like chemical species/drugs and metal ions. 

The sensor was highly stable and its stability was investigated for 60 days, it showed no 

change in response for first 20 days after 20days response started to deteriorate slowly. Only 

a loss of 4.1% and 9.2% was observed in AdSDPV signal after 30 and 60 days respectively.  

3. MXene based sensor for Environmental contaminants 

Ying He et al. constructed Bismuth/Mxene nanocomposite based electrochemical sensor to 

detect Pb and Cd [55].  Ions reminiscent of lead Pb, Cr, Cd and Hg are referred to as heavy 

metal ions, which don't degrade for quite a long time or even hundreds of years. This can 

contribute to numerous human health and other ecosystem diseases [56]. Likewise, these ions 

in the climate are exceptionally harmful and we have to eliminate them before accumulation 

[57-59]. A couple of techniques are used for detection of these particles including XRF, ICP-

OES, AAS and ICP-MS are utilized for testing of these particles, however these procedures 

have restricted applications because of their significant expense and require trained 

individuals to operate hardware. It is therefore important to establish easy and affordable 

methods for detecting these ions. BiNPs/Ti3C2 nano-composites are synthesized by 

incorporating bismuth nanoparticles into thin sheets. MXene possess excellent electric 

conductivity, hydrophilic nature, large surface area, and chemical stability. Therefore it 

provides enormous surface area for the deposition of bismuth NPs over its surface. Bismuth 

nanoparticle has excellent electro analytical and catalytic activity. BiNPs were deposited over 

mxene sheets to obtain BiNPs/Ti3C2 nanocomposite. A homogeneous suspension of 

BiNPs/Ti3C2 nanocomposite was dropcasted on the GCE to get BiNPs/Ti3C2/GCE sensor. 

Fig. 6A shows CV polts for bare GCE, Ti3C2/GCE and BiNPs/Ti3C2/GCE. Three major 

oxidation peak currents are shown at 53.6, 130.5 and 162.9 µA for GCE, Ti3C2/GCE and 

BiNPs/Ti3C2/GCE. These results confirm the excellent electric conductivity of BiNPs/Ti3C2 

nanocomposite. EIS plots of modified electrode (fig. 6B) showed the interfacial electron 

transfer resistance value (Ret) of 1500U, 720U and 450U on bare GCE, Ti3C2/GCE and 

BiNPs/Ti3C2/GCE were obtained. The low Ret value of BiNPs/Ti3C2/GCE is responsible for 

high electric conductivity of electrode. Cyclic voltagram was performed on GCE, Ti3C2/GCE 

and BiNPs/Ti3C2/GCE. In CV plots (fig. 6C) BiNPs/Ti3C2/GCE exhibit well characterized 

individual voltametric peaks at -0.57V (for Pb
2+

) and -0.78V(for Cd
2+

) as compared to bare 

GCE and Ti3C2/GCE. Biosensor has very low detection limit of 12.4 nm for Cd
2+

 and 10.8 

nm for Pb
2+

.  
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Fig.6. (A) Cyclic Voltammograms of plain GCE (a), Ti3C2Tx/GCE (b) and BiNPs@ 

Ti3C2Tx/GCE(c); (B) EIS spectra of plain GCE (a), Ti3C2Tx/GCE (b) and 

BiNPs@Ti3C2Tx/GCE (c);  (C) SWASV curves of Pb
2+

 and Cd
2+

 at GCE (a), Ti3C2Tx/GCE 

(b) and BiNPs@Ti3C2Tx/GCE (c). Reprinted by permission form Ref. [55]. Copyright 2020, 

Nanomaterials. 

Biosensor was highly selective for Cd
2+

 and Pb
2+

 ions and no significant interference was 

obtained with other metal ions expect Cu
2+

, a little change in response signal was obtained 

when Cu
2+

 ions are present due to the creation of  inter metallic compounds. The interference 

caused by Cu
2+ 

can be avoided by adding ferro cyanide to analyte sample. Biosensor showed 

high stability and sensitivity of 95.2% (Pb
2+

) and 94.5% (Cd
2+

) after six weeks. In lake water 

and tap water samples, heavy metal ions were found with 98.3 percent recovery (Cd
2+

) and 

101.2 percent (Pb
2+

) in tap water, while 101.5 percent (Cd
2+

) and 106.3 percent (Pb
2+

) in lake 

water were detected.  

R. Huang, et al. reported Ti3C2/MWCNTs modified GCE electrode for detecting 

hydroquinone (HQ) and catechol (CT) [65]. Hydroquinone (HQ) and catechol (CT) show a 

high degree of biological and ecological toxicity. However, it is still a great challenge to 

detect them all at once due to interference from other chemical species. Therefore, various 

other techniques, such as mass spectrometry, liquid chromatography, HPLC and 

electrochemical methods have been developed to detect HQ and CT. Among these 

approaches, the electrochemical process has gained considerable attention in recent years, 

which are credited to cost-effective, simple, time-saving, high sensitivity and rapid response. 

Ti3C2-MXene was synthesized by using HCl and LiF mixture as etchant through selective 

etching of aluminum layer from Ti3AlC2 MAX phase. MWCNTs were deposited on Mxene 

sheets by a facile casting method to synthesis Ti3C2 based MWCNTs sensor. Then GCE was 

modified with Ti3C2-MWCNTs to obtain Ti3C2-MWCNTs/GCE. 
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Fig.7. Schematic representation of synthesis process of Ti3C2-MWCNTs nanocomposite for 

detecting HQ and CT. Reprinted by permission from Ref. [65] Copyright 2019, Elsevier. 

Cyclic Voltagram was performed to find the catalytic ability of bare GCE, MWCNTs/GCE, 

Ti3C2/GCE and Ti3C2-MWCNTs/GCE. CV responses for Ti3C2 / GCE, MWCNTs / GCE 

and Ti3C2-MWCNTs / GCE are better than simple GCE. Among all electrodes Ti3C2-

MWCNTs/GCE showed best results because the conductivity of Ti3C2/MWCNTs 

nanocomposite is high due to the combination of Ti3C2 and MWCNTs metallic conductivity 

and excellent electroconductibility.  

 

Fig.8. (A) Nyquist plots of Ti3C2/GCE, MWCNTs/GCE, bare GCE and Ti3C2-

MWCNTs/GCE) (B) DPV response of Ti3C2/GCE, MWCNTs/GCE, bare GCE and Ti3C2-

MWCNTs/GCE within the presence and absence of HQ and CT. Reprinted with permission 

from Ref. [65] Copyright 2019, Elsevier. 

The Nyquist plot of Ti3C2/GCE, Bare GCE, MWCNTs/GCE and Ti3C2-MWCNTs/GCE 

 is seen in fig.8A. The semicircle diameter is highest owing to its higher resistance in the case

 of bare GCE. The Rct value is 104.8 Ω and 119.1 Ω for MWCNTs/GCE and Ti3C2/GCE 

respectively which is relatively smaller compared to bare GCE (130.6 Ω). Fig. 8B illustrates 

DPV responses of HQ and CT on Ti3C2-MWCNTs/GCE, MWCNTs/GCE, Ti3C2/GCE and 

GCE. Bare GCE showed poor sensitivity toward HQ and CT while Ti3C2-MWCNTs/GCE 
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and MWCNTs/GCE could separate HQ and CT with a potential gap of 100 mV entirely. As 

compared to MWCNTs/GCE, Ti3C2-MWCNTs/GCE showed a far higher peak current that 

was 5.7 fold higher than MWCNTs/GCE.  The DPV response to HQ and CT on Ti3C2-

MWCNTs/GCE has been shown in figure 9(A) and (B). The biosensor exhibits a wide 

detection range and low LOD 6.6nM and 3.9nM for HQ and CT respectively. 

 

Fig.9. DPV responses of HQ(A) and CT(B) at various concentrations (2, 5, 10, 20, 50, 100, 

150 μM) in the presence of 20 μM CT and 20 μM HQ respectively. Reprinted by permission 

from Ref. [65] Copyright 2019, Elsevier. 

The Biosensor affectability don't change for HQ and CT within the sight of disruptive ions 

such as some inorganic ions (Al
3+,

 Cu
2+

, K
+
, NO3

−
, Cl

−
, Na

+
, Mg

2+
, Zn

2+
, Ca

2+
) and organic 

molecules for example paranitrophenol (p-NP), glucose (Glc), ascorbic acid (AA), resorcinol 

(Re), bisphenol A (BPA) which showed the outstanding selectivity and anti-interference 

characteristics of Ti3C2-MWCNTs/GCE. Sensor showed 96.9%-104.7% (HQ) and 93.1%-

109.9% (CT) recovery in industrial waste water sample. 

F. Zhao et al. reported the production of bimetallic/MXene nanocomposite for pesticide 

sensing [66]. Pesticides are significant environmental toxins and because of their over-use, 

can pose a severe threat to the health of both human and animal animals. Organophosphorus 

pesticides (OPs) are widely used pesticides that are primarily used to combat pest, parasitic 

weeds and plant diseases [67-69]. Although some of the most dangerous OPs have been 

supplanted by biodegradable chemicals, but the environment and agricultural goods do have 

problems caused by their residues. In addition some OPs can get oxidized and forms more 

toxic pesticides. For instance, in the atmosphere,  parathion is eventually oxidized into 

paraoxon [70, 71] and its toxicity can pose significant risks to public health than that of the 

original compounds. Therefore the establishment of easy and local analysis methods for OPs 

and their derivatives is very important. Electrochemical biosensors are commonly used for 

quick and sensitive identification of pesticides as a general method of research. To detect 

paraoxon, a highly toxic organophosphorus pesticide, a mxene-based electrochemical sensor 

was developed in this research. Bimetallic nanoparticles provide promising feature for 

pesticide detection due to their good catalytic capacity and high specific surface area. In this 

work Au-Pd NPs are prepared on MXene (Ti3C2Tx) nanosheets surface by self-reduction 

process. After that the suspension of MXene/Au-Pd nanocomposite was drop casted on 

electrode (SPE) surface. MXene/Au-Pd nanocomposites show high conductivity and stability 

that enhances the electron transfer rate. This sensor has a very low 6.36 pM detection limit 

and large detection range. The fabricated biosensor selectivity was investigated for paraoxon 

in presence of other OPs, for example fenitrothion, ediphenphos, and ethyl-paraoxon. The 

inhibition rate for fenitrothion, ediphenphos, and ethyl-paraoxon is 17.6%, 23.2%, and, 
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51.7% respectively, all lower than paraoxon, which ensures good biosensor selectivity for 

paraoxon. Sensor exhibited 87.93% and 111.02% recovery for paraoxon in pear and 

cucumber samples with 1.08% to 6.37% relative standard deviations (RSDs) value. 

      

Electrode Analyte LOD Detection 

range   

Ref. 

Ru(bpy)3
2
/ Ti3C2Tx Label free single nucleotide 

mismatch 

5nM   29 

Nafion/ Ti3C2Tx Dopamine 3nM 0.015 to 10 

micro 

molar 

30 

DNA nanostructure/ Ti3C2Tx Gliotoxin 5pM 5pM to 

10nM  

31 

Hb/ Ti3C2MXene Nitride 0.12 μM 0.5 to 

11800 μM 

32 

Ti3C2Fx H2O2 0.7nM  33 

Pt NPs/ Ti3C2Tx /GCE H2O2 448nM  34 

MXene/GCPE Adrenaline 9.5nM  35 

MnO2/Mn3O4/ Ti3C2 MXene/Au 

NPs 

Methamidophos(pesticide) 1.34 × 10
-13 

M 

10
-12

 M to 

10
-6

 M 

36 

PPy@ Ti3C2Tx /PMo12 Osteopontin 0.98 fg mL
-1

 0.05 pg 

mL
-1

to 

10.0 ng 

mL
-1

 

38 

Nafion/ lamellar Ti3C2Tx/GCE Bromate (BrO3) 41nM 50 nM to 5 

μM 

39 

W18O49/Ti3C2Tx Acetone 170 ppb 11.6 to 20 

ppm 

40 

Ti3C2-MWCNTs/GCE catechol (CT) and 

hydroquinone (HQ) 

6.6 nM 

(CT)and 3.9 

nM (HQ) 

2 to 150 

μM 

41 

AChE/Ag@ Ti3C2Tx 

 

Malathion (organophosphate 

pesticides) 

 10
-14

 to 10
-

8
 M 

42 

GOx/Au/MXene/Nafion/GCE Glucose 5.9μM 0.1 to 18 

mM 

43 

Ti3C2Tx /Pd NPs/GCE L-cysteine (L-Cys) 0.14 mM 0.5 to 10 

mM 

44 

TiO2/Ti3C2Tx Ammonia gas 0.5 ppm 2-10 ppm 45 

Ti3C2Tx /Au-Pd NPs  

 

organophosphorous pesticides 1.75 ng L
-1

 0.1 to 1000 

μg L
-1

 

46 

cDNA-Fc/MXene/Apt/Au/GCE 

aptasensor 

Mucin1 0.33 pM 1.0 pM to 

10 µM 

48 
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ECLprobe/exosome/Apt/ILs/SiO2

NU’s/GCE 

Exosome 37 

particle/μL 

.1×10
2
 to 

1.1×10
7
 

particle/μL 

49 

16SrDNA/Ti3C2  

 

Mycobacterium tuberculosis 20CFUml
-1

  50 

MXene/MWCNT’s/chit/GCE IFO, AOCP, DOM, and SUM 0.00031, 

0.00028, 

0.00034, and 

0.00042 μM 

0.0011–

1.0, 

0.0042–

7.1, 

0.0046–

7.3, and 

0.0033–61 

μM 

54 

BiNPs/Ti3C2/GCE Pb, Cd 10.8 nm, 

12.4 nm  

 

 56 

Conclusion and future outlook 

For the fabrication of sensors, Mxene is a new material. Since the discovery of mxene in 

2011, due to its unique properties such as layered morphology, excellent metallic conductive, 

simple functionalization and catalytic properties, it has greatly attracted the interest of the 

scientific community. Some of its properties like large surface area and high compatibility are 

very important for designing advance nanohybrid systems with bio receptors like aptamer, 

antigen-antibody, proteins, enzyme and whole cells which can permit the easy 

immobilization of different bio-molecules on its surface which serve as sensitive detection 

interface. Because of exceptional structural, physical and chemical properties, mxene 

considered as best option as compare to other 2D materials and has potential to overcome the 

drawbacks of other 2D materials. The electrochemical performance of mxene is higher as 

compared to other 2D materials, such as graphene and MoS2. In this study, we addressed the 

new synthesis and surface functionalization techniques that are most useful in mass 

manufacturing. The applications of mxene based biosensors for the identification of 

environmental toxins, therapeutic agents and clinical biomarkers have also been summarized 

in this study. The general electrochemical properties such as detection limit, sensitivity, 

detection range and reproducibility of results are effectively discussed in this review. After a 

literature survey it was discovered that the electrochemical (bio) sensor based on maxene 

were adequately used for the identification of various analyte. In particular, mxene based 

electrochemical sensor for environmental contaminants are very useful because they exhibit 

detection limit in picomolar to femtomolar range that is much superior to ordinary strategies, 

for example chromatography and spectroscopy. Also the development of mxene based 

electrochemical gas sensors will contribute incredibly to different medical care diagnostics 

and ecological applications. However reports show that sensors for pharmaceutical 

formulation are limited and need more attention. In literature titanium carbide is the main 

mxene investigated in sensing field. The other transition metal based electrochemical are 

extremely uncommon. Therefore considerable scientific efforts are needed to utilize other 

transition metal based mxene. MXene has a promising future as a delicate electrochemical 

detection tool for a wide spectrum of analytics. 
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