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Abstract 

The development of functionalized molybdenum disulfide (MoS2) has led to a new trend in 

the biosensing field, owing to its high sensitivity and bio-affinity characteristics with regards 

to the simple synthesis of carboxyl-functionalized MoS2 nanocomposites. In this study, we 

used monochloroacetic acid (MCA) to successfully modify carboxyl-MoS2. The efficiency 

of this MCA modification method showed a higher -COOH group content of 30.1%, mainly 

due to chlorine atoms occupying the MoS2 sulfur vacancy to allow for the formation of a 

strong bonding effect. This then enhanced the surface area of -COOH and improved the 

formation of covalent bonds between proteins. We demonstrated that MoS2-COOH-based 

surface plasmon resonance (SPR) chips can provide excellent sensitivity and high affinity 

for immunoassay biomolecules detected in a low sample volume of 20 μl. With respect to 

the shifts of the SPR angles of the chips, the high binding affinity at a BSA concentration of 

14.5 nM for a MoS2-COOH chip, a MoS2 chip and a traditional SPR chip are 4.69 m
o
, 2.49 

m
o
 and 1.53 m

o
, respectively. In addition, the MoS2-COOH chip could amplify the SPR 

angle response by 3.1 folds and enhance the high association rate of ka by 212 folds 

compared to MoS2 and traditional SPR chips. The results thus obtained revealed that the 

overall affinity binding value, KA, of the MoS2-COOH chip can be significantly enhanced by 
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up to ∼6.5 folds that of the MoS2 chip. In summary, the excellent binding affinity, 

biocompatible and high sensitivity suggest the potential of the clinical application of this 

MoS2-COOH-based SPR chip detection method for in vitro diagnostic and point-of-care 

testing devices.   

 

Graphical Abstract 
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1. Introduction 

Extremely thin two-dimensional layered materials (2DLMs) have attracted increasing 

attention due to their excellent electronic carrier mobility properties, exceptional tension and 

flexibility properties, and unique optical transparency, which are not readily achievable in 

other semiconductor nanostructures. 2DLMs such as graphene allotropes and transition 

metal dichalcogenides (TMDs) are set to revolutionize the industrial applications [1-3]. 

Furthermore, 2DLMs generated chemically and those synthesized via self-assembly of 
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organic molecules may be combined to create heterostructures or nanocomposites to form 

complex and totally new functional materials. Monolayers of TMD crystals (TMDCs) such 

as molybdenum disulfide (MoS2), tungsten disulfide (WS2), hexagonal molybdenum 

diselenide (MoSe2), tungsten diselenide (WSe2), and molybdenum ditelluride (MoTe2) are 

semiconductors that form layered structures surrounded by a plane of hexagonal metal 

atoms have received special attention [4, 5]. These monolayers of semiconducting TMDCs 

have similar characteristics including 6 ~ 7 Å thickness, direct band gap and tunability of the 

energy gap, and they have been widely used in field effect transistors [1, 6-9], light emitting 

diodes [1, 10], solar cells [11-13], and sensors [14,15].These semiconducting TMDs have 

been extensively fabricated and studied, however metallic TMDs have recently received 

increasing attention, possibly due to plasmon-induced hot carrier science and technology 

issues [16, 17].  

The plasmon mode of metallic TMDs exhibits a remarkable dynamical charge response, 

charge-density wave (CDW) [18], superconductivity [19, 20], and a clear effect of the 

crystal local-field impact [21]. The optical properties of metallic TMDCs are mainly 

controlled by plasmon excitation. Moreover the generation of metallic TMDCs is similar to 

graphene using doping or synthesis via self-assembly of organic molecules, and this 

constitutes a natural way of pushing the surface plasmon (SP) mode further toward the 

vis-NIR using a scalable bottom-up approach [22, 23].  

MoS2 is composed of many stacked S-Mo-S layers held together by van der Waals forces 

[22, 24, 25], which have much higher charge carrier densities leading to π and π+σ SP 

modes at 6.5-7.6 eV and 15.6-20 eV [26, 27], which are substantially red-shifted [28, 29]. 

MoS2 is similar to graphene in that it is not affected by dilute acid or oxygen, and it is 

unreactive with other chemicals. It also has the unique characteristics of electrical and 

photo-responsiveness of Shockley-type surface state properties. Therefore, MoS2 has been 

widely studied with regards to SP enhanced photoluminescence (PL) [22, 28-30], energy 
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dispersion [30, 31], integrated circuits [32], photosensitivity [33], and highly efficient 

emitter [22, 34].  

Recently, the use of MoS2 in the biomedical sensing field has been widely discussed [35-39], 

however only with regards to surface plasmon resonance (SPR) sensing mechanism 

preliminary simulation analysis [40-42], and no experimental confirmation of the feasibility 

of the sensing mechanism has yet been reported. In this study, we propose a novel 

modification of a carboxyl-functionalized MoS2 (MoS2-COOH) nanocomposite for 

carboxylation techniques of monochloroacetic acid (MCA) on the surface. In carboxylation 

techniques, -COOH can improve charge carrier transfer, improve conductivity [43], and 

increase chain flexibility [44]. Therefore, the conductivity of 2D materials can be enhanced 

through the modification of -COOH to significantly enhance the conductivity and the 

resonant propagation characteristics of the plasmon [45]. The use of MCA to modify 

carboxyl-MoS2 has not previously been reported, and to the first of our knowledge, this is 

the first experimental study to investigate the MoS2-COOH-based SPR biosensing 

mechanism. We modified the SPR fluidic system requires only 20 μl analyte volumes for the 

immunoassay, and real-time molecule-molecule interactions and affinity kinetics analysis. 

The carboxyl group facilitated the resonance state modulation of the SP modes, improved 

the bio-affinity of the interface, and enhanced the sensitivity of the biosensing.  

 

2. Experimental section 

2.1 Synthesis of carboxyl-functionalized MoS2 nanocomposite  

2.1.1 Modification of MoS2-COOH by monochloroacetic acid (MCA) synthesis: 

MoS2 (molybdenum IV sulfide) powder (99%, sheet size < 2 μm) was purchased from 

Sigma-Aldrich. We used a total of 15 ml of MoS2 solution at a concentration of 2 mg/ml 

prepared using deionized water. After 1.2 g of sodium hydroxide (NaOH) and 1.0 g of 

monochloroacetic acid (MCA) were added to the MoS2 solution, it was shaken using 
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ultrasound for 3 hours. According to the relevant literature, the use of ultrasonic shock 

waves will lead to vacancies in the surface of MoS2 [46]. After homogeneous mixing, 

centrifugation was performed several times and the supernatant was replaced with deionized 

water. A monochloroacetic acid-modified carboxyl MoS2 aqueous solution, called 

MoS2-COOH (MCA), was prepared as shown in Figure 1(a). In the MCA modification 

mechanism, chlorine atoms occupied the sulfur vacancies rather than adhere to the surface 

[47]. 

 

2.2 Preparation of sensing films and protein immobilization method 

The sensing chip was fabricated using a 0.17-mm thick BK7 coverslip substrate consisting 

of a 2-nm chromium (Cr) and 47-nm gold (Au) thin film deposited by thermal deposition as 

shown in Figure 1(b). The sensing film was chemically modified using thiol- and 

amine-group self-assembled monolayers (SAMs) of cystamine (Cys) (cystamine 

dihydrochloride 98%, Alfa Aesar, Ward Hill, MA, USA) to bridge MoS2-COOH sheets of 1 

g/l concentration on a 47-nm Au film. The Cys solution used double-distilled water (ddH2O) 

diluted to 10 mM with an Au electrode immersed at room temperature for 24 hours. The 

carboxyl-functionalized MoS2 sheets were immobilized on the surface of an Au/Cys 

electrode by strongly covalent bond reactions. The Au/Cys/MoS2-COOH film was generated 

by using Au/Cys film immersed in aqueous MoS2-COOH sheets for 5 hours, followed by 

thorough rinsing with deionized water to remove unbonded MoS2-COOH.  

Bovine serum albumin (BSA) was immobilized on the Au/Cys/MoS2-COOH film, which 

activated the -COOH terminal group for a better affinity reaction and was beneficial for the 

amine (-NH2) bonds of the protein to form strong chemical covalent bonds. The activation 

used 0.1 M N-hydroxysuccinimide (NHS) and 0.4 M l-ethyl-3-(3-dimethyl aminopropyl) 

carbodiimide (EDC) at a 1:1 volume ratio. The EDC/NHS solution was injected with a 

volume of 20 μl and flow rate of 6 μl/minute to activate the -COOH surface at room 
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temperature. This was immediately followed by the injection of BSA using the same volume 

of 20 μl and flow rate of 6 μl/minute to allow for immobilization on the MoS2-COOH 

surface. Finally, a saturation concentration of 1 M ethanolamine (EA) solution was used on 

the sensing chip surface of all carboxylic groups as a blocking agent. The 

MoS2-COOH-based SPR immunosensors are shown in Figure 1(c). 

 

2.3 Preparation of a traditional Au-based SPR chip and protein immobilization method 

A traditional SPR chip using 8-mercaptooctanoic acid (MOA; Sigma-Aldrich) on a modified 

Au surface was created by immersing an Au electrode into a solution of MOA (1 mM) for 24 

hours at room temperature. MOA binds to the Au surface through a thiol linker (-SH end) 

resulting in monolayers which are terminated with carboxylic acid. The other steps were the 

same as with MoS2-COOH for all immobilization procedures, and the injections of 

EDC/NHS, BSA and EA used the same volume of 20 μl and flow rate of 6 μl/minute. All 

SPR biosensors were calibrated via a standardized 60 m° with 1% ethanol solution using the 

volume of 20 μl and flow rate of 6 μl/minute in a SPR BI-3000 system (Biosensing 

Instrument, Tempe, AZ).  

 

3. Results and Discussion 

3.1 Analysis of morphology and spectral characteristics of modification 

Figures 2(a) and 2(b) show transmission electron microscopy (TEM) images of MoS2 and 

MoS2-COOH sheets. The structural properties with the mixed SAM coated on the sensing 

chip were randomly arranged, and the layered structure was made from MoS2 flakes. Figure 

2(b) shows a change in the edge of the MoS2 sheet modified by carboxylation. This 

phenomenon was caused by carboxylic acid, so that the MoS2 surface became an organic 

chitosan matrix with a hydrophilic functional group [48].  

The UV-visible absorption spectral properties of typical MoS2 and MoS2-COOH sheets 

characteristic for dispersion in water are shown in Figure 2(c). It can be clearly seen that the 
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characteristic two exciton peaks of MoS2 and MoS2-COOH originating from interband 

exciton transition at the K point, are located at 688 nm (1.80 eV) and 630 nm (1.97 eV), 

respectively, indicating a pristine 2H poly-type. The two absorption peaks were direct band 

transitions with energy split from valence band spin-orbit coupling [49, 50].  

 

Figure 2(d) shows the Fourier transformed infrared (FTIR) absorbance spectra of the main 

peaks of the MoS2 and MoS2-COOH films in attenuated total reflection (ATR) mode, which 

was analyzed to elucidate the properties of various chemical bonds. The absorption bands 

can be attributed to the -OH bending mode of the water peak at 1628 cm
−1

, and the C=O 

stretching vibration peak at 1738 cm
−1

, respectively. The peaks at 2848 and 2917 cm
−1

 were 

attributed to the splitting of -CH2, and the bands peak at 1059 cm
−1

 is attributed to the stretching 

vibration of C-OH. As for MoS2, the water bonding peak at 1632 cm
−1 

and O-H stretching broad 

band center peak at 3327 cm
−1

 can be seen [46, 48, 51]. The pure BSA peaks at 3062 cm
−1

 for 

amide A (mainly -NH stretching vibration), 1652 cm
−1

 for amide I (mainly C[double bond, 

length as m-dash]O stretching vibration) and 1531 cm
−1

 for amide II (the coupling of 

bending vibrations of N-H and stretching vibration of C-N) [52, 53]. 

 

3.2 Analysis of XPS spectra characteristic peaks 

The functional modification of MoS2 with carboxyl molecules and the chemical 

environment of the different atoms were further analyzed using X-ray photoluminescence 

spectroscopy (XPS). Figure 3 shows the survey spectrum of MoS2-COOH along with the 

high-resolution XPS spectra of S 2p, Mo 3d and C 1s characteristic peaks in Figures 

3(a)-3(d) for MCA modification [54, 55]. As shown in Figures 3(a), the survey XPS 

spectrum of the Au/Cys/MoS2-COOH chip revealed characteristic peaks for Au, Mo, S, C 

and O. As shown in Figures 3(b), the high resolution XPS spectrum of Mo binding energies 

showed two peaks at 232.65 and 229.45 eV for MCA modification, which corresponded to 

Mo 3d3/2 and Mo 3d5/2 of Mo
4+

, respectively. In addition, the XPS spectrum of S 2s showed 
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peaks at 226.35 eV that corresponded to MCA modification, respectively. A unique 

difference in the MCA modified method was a small peak near 234.5 eV corresponding to 

Mo
6+

 [54]. As shown in Figures 3(c), the XPS spectrum of S binding energies showed two 

peaks at 163.3 and 162.2 eV for MCA modification, respectively. The functional group of 

the MCA modification in the XPS spectrum of C 1s binding energies showed a prominent 

peak at 284.95 eV that could be attributed to C-C (21.2%) bonds, while the other peaks at 

285.9 and 289.3 eV were due to C-O-C (48.6%) and O-C=O (30.1%) bonds, respectively, as 

shown in Figure 3(d). In Figure 3(d), it can be seen that the modified carboxyl group of the 

MCA method had a higher -COOH group content of 30.1%. The success of using MCA 

method to introduce carboxylic groups into the MoS2 sheets was confirmed by the XPS 

analysis as illustrated in Figure 3.  

 

3.3 Analysis of the characteristics of protein immobilization 

We used a low volume of 20 μl and different BSA antigen concentrations to carry out the 

immobilization procedure on the sensing chip. Figure 4(a) shows that the SPR resonance 

angle shifts of MoS2-COOH (1 g/l), MoS2 (1 g/l) and traditional SPR (MOA) chips at a 

concentration of 2.27 μM BSA were 173.85, 119.78 and 79.83 m°, respectively. From these 

results, the equilibrium time was determined to be 200 s. The sensitivity of the protein 

binding ratio analysis was MoS2-COOH (1 g/l):MoS2 (1 g/l):conventional chip = 2.2:1.5:1. 

We then reduced the BSA protein concentration to 1.52 μM and compared the resonance 

angular shifts of protein immobilization efficiency on the four chips (Figure 4(b)). The SPR 

resonance angle shifts of MoS2-COOH (0.5 g/l), MoS2 (0.5 g/l) and traditional SPR (MOA) 

chips at a concentration of 1.52 μM BSA were 78.79, 56.44 and 54.19 m°, respectively. 

Figures 4(a) and 4(b) present the molecule bonding force of the BSA antigen, revealing a 

high response of the SPR angle shift to the MCA-modified MoS2-COOH chip. The 

sensitivity of the protein binding ratio analysis was MoS2-COOH (0.5 g/l):MoS2 (0.5 g/l) = 
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1.4:1. The experimental results showed that the MCA-modified MoS2-COOH chip had a 

larger protein binding ratio.  

 

3.4 SPR immunoassay of bioaffinity interactions 

Figure 5 shows real-time SPR sensorgrams comparing the relationship between the 

antigen-antibody interactions in 20 μl volume and the SPR angular shifts in the five different 

sensing chips. The SPR sensorgrams were obtained for 14.5, 72.5, 145, 362, 725 and 1450 

nM of anti-BSA on the MoS2-COOH (1 g/l) chip at 4.69, 21.15, 69.62, 107.85, 187.84, and 

227.91 m°, as shown in Figure 5(a). Figures 5(a) and 5(b) show the MoS2-COOH (1 g/l) and 

MoS2-COOH (0.5 g/l) chips, we injected different concentrations of antibodies to analyze 

the resonance angular shifts. The results showed that the MoS2-COOH (1 g/l) chip clearly 

reached saturation at 1450 nM, and therefore there were no significant differences in the 

SPR angle shift of MoS2-COOH (1 g/l) and MoS2-COOH (0.5 g/l) chips at other 

concentrations. In terms of the binding interaction characteristics of the TMD-based sensing 

chips, the SPR angle shifts were 2.49, 16.82, 48.07, 93.87, 178.28 and 203.56 m° for the 

MoS2 chip and 1.23, 6.16, 15.69, 46.83, 86.28 and 117.49 m° for the WS2 chip. The 

experimental results showed that the sensitivity of WS2 was not as high as that of MoS2, 

which is consistent with previous studies [56]. Comparisons between the measured angle 

shifts for the MoS2-COOH (1 g/l) chip to those of the MoS2 and WS2 chips in 14.5 nM of 

anti-BSA revealed relative 2-fold and 4-fold increases in the SPR angle as shown in Figures 

5(a), 5(c) and 5(d). Figures 5(a) and 5(e) show that the ratios of the SPR angle shifts of the 

MoS2-COOH (1 g/l) chip to that of the traditional SPR (MOA) chip in 14.5, 72.5, 145, 362, 

725 and 1450 nM of anti-BSA were increased by 3.1, 3.0, 3.1, 2.7, 2.5 and 2.3-folds, 

respectively. In summary, the results clearly showed that the MoS2-COOH chip had the 

highest sensitivity compared to the other chips. We analyzed the linear range sensitivity as a 

series of concentrations in the five different chips. Linear calibration curve fitting showed 
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the relationship between SPR angle shift and anti-BSA concentrations from 14.5 to 725 nM 

for the five different sensing chips. The SPR immunosensors for the exponential regression 

of the linear curve in Figure 5(f) yielded y= 0.43+0.30x and R
2
= 0.95 for the MoS2-COOH 

(1 g/l) chip, y= -1.13+0.29x and R
2
= 0.97 for the MoS2-COOH (0.5 g/l) chip, y= 

-1.38+0.27x and R
2
= 0.98 for the MoS2 (1 g/l) chip, y= -0.10+0.11x and R

2
= 0.97 for the 

WS2 (1 g/l) chip and y= -0.40+0.11x and R
2
= 0.97 for the traditional SPR (MOA) chip, 

where x denotes the refractive concentration and y is the SPR angle. The results clearly 

indicated that the MoS2-COOH chip had excellent detection sensitivity. The MoS2- and 

WS2-based sensing chips captured the biomolecules through the van der Waals interaction 

[37, 40]. The MoS2 and WS2 chips yielded an SPR angle shift that was less than that of the 

MoS2-COOH chip, which may have been because protein absorption of MoS2 and WS2 were 

not stable and could easily fall off. The high performance of this MoS2-COOH biosensor 

(high sensitivity, LOD of 1.45 pM, good regeneration) will allow for the creation of fast, 

inexpensive and reliable biosensors for applications in clinical medicine and healthcare. 

 

We measured the limit of detection (LOD) of the MoS2-COOH-based SPR chip for antibody 

immunoassays at concentrations of 0.145, 1.45, and 145 pM. The experimental results 

showed a LOD of 1.45 pM within a response time of only 150 s in the MoS2-COOH-based 

SPR chip (Figure 6(a)). In molecular kinetic analysis, the SPR sensorgrams of experimental 

curve-fitting for a simple binding curve showed a 1:1 steady state of the Langmuir model 

[57]. Association and dissociation rate constants were calculated by nonlinear fitting of the 

SPR sensorgram data (Figure 6(b)). All binding data were analyzed using biomolecular 

binding specificity analysis evaluation software version 2.4.4 (Biosensing Instrument, 

Tempe, AZ, USA). In these different SPR-based immunosensors, the kinetics of 

protein interaction analysis could be described by the scheme:  
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[Ab] + [Ag]

𝑘𝑎
→ 

𝑘𝑑
← 
[Ab ∙ Ag]     (1) 

KA =
[Ab∙Ag]

[Ab][Ag]
=

1

KD
      (2) 

where [Ab] is the analyte antibody of anti-BSA in solution, [Ag] is the antigen of BSA 

protein immobilized on the chip surface, ([Ab][Ag]) is the free state, and ([Ab·Ag]) is the 

binding state. In addition, [Ab], [Ag], and [Ab·Ag] are the corresponding molar 

concentrations. The calculated equilibrium association rate constant (ka), dissociation rate 

constant (kd), and the equilibrium were determined by the dissociation constant KD = kd/ka 

[58-60]. In the SPR sensorgram, the bimolecular interaction signal began to level off, and 

the curve gradually reached equilibrium. The equilibrium between the reactions in Eq. (1) 

and Eq. (2) had then been established. In the reaction, the rates of association and 

dissociation phase could be described by the following equation:  

RT =
RmaxC[Ab]

KD+C[Ab]
[1 − e−(kaC[Ab]+kd)T]   (3) 

where RT is the SPR signal at time (T), C[Ab] is the concentration of the analyte anti-BSA, 

and Rmax is the maximum amount of analyte anti-BSA on the chip surface of the BSA 

interaction reaction. In the dissociation phase, the following equation suggests that the SPR 

response was not dependent on the analyte concentration, C[Ab]. At equilibrium, the Eq. (3) 

could be simplified as:  

Req =
RmaxC[Ab]

KD+C[Ab]
        (4) 

When non-linear regression analyses were performed based on the above equations, the 

values of ka and kd could be deduced. Consequently, the value of KA, could also be 

calculated. The affinity could be judged by the association binding constant of the 

interaction they describe. A higher value of KA indicated higher affinity and stronger 

interaction. Affinity analysis of the kinetics binding data was obtained as previously 

described [61-63] by plotting RT vs C[Ab], where RT is the relative response of the 
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sensorgram at time (T). 

 

Figure 6(b) shows the affinity analysis of the MoS2-COOH (1 g/l), MoS2-COOH (0.5 g/l), 

MoS2 (1 g/l), WS2 (1 g/l) and traditional SPR chips. The kinetic fitted values of KA were 3.9, 

4.1, 0.6, 0.29, and 0.003  10
8
 M

-1 
for the five chips, respectively. Figure 6(c) shows the 

kinetic fitting statistics results of ka were 50.4, 20.6, 0.72, 1.7, and 0.238  10
5
 M

-1 
S

-1
 for 

the five chips, respectively. In addition, the ratio of the ka of the MoS2-COOH (1 g/l): 

MoS2:WS2: traditional SPR chips was 212:3:7.1:1. The fitting values of kd were 13.0, 5.0, 

1.2, 5.9, and 70  10
-3

 S
-1

 for the five chips, respectively, and the fitting values of KD were 

2.42, 2.48, 16.67, 3.50, and 29.4  10
-9

 M, respectively. Compared with the traditional SPR 

and MoS2 chips, the MoS2-COOH chip exhibited a higher ka and lower KD. This 

demonstrated that the MoS2-COOH chip was much more sensitive than the traditional SPR 

and MoS2 chips.  

 

3 Conclusions  

We propose a new type of MCA-modified carboxylated MoS2 sheet. In the MCA 

modification, the mechanism involves chlorine atoms occupying sulfur vacancies to form a 

strong bonding effect. The results showed that the MoS2 modified carboxylation technique 

could enhance the sensitivity and bioaffinity, mainly due to improvements in the dielectric of 

MoS2-COOH and the SPR energy coupler properties of MoS2-COOH. In addition, -COOH 

had a high affinity with the protein and the formation of covalent bond reactions, resulting in 

an increase in protein binding efficiency. The MoS2-COOH chip had a 3.1-fold increase in 

SPR angle response and increased kinetic association rate constant compared to the 

traditional SPR chip. The MoS2-COOH (1 g/l) chip exhibited high affinity for protein 

interactions since the ka was 212-folds higher than the traditional SPR chip. More 

importantly, we proved that the only 20 μl of sample was needed, which is of particular 
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significance in point-of-care tests and rapid diagnostic tests as well as real-time and 

label-free devices which can allow for an early diagnosis. We believe that this carboxyl 

modification approach can be very useful in many applications, such as photonics, 

electronics and biosensor devices. The application of such biosensing devices may be 

beneficial in detecting clinical diseases in blood samples, small molecule drug screening and 

drug resistance analysis. 
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Figure 1. Preparation of the MoS2-COOH-based SPR immunosensor techniques 

incorporating a protein for the detection of analytes including (a) synthesis methods (b) 

immobilization procedures and (c) sensing mechanism.  

 

Figure 2. TEM images of the architecture of (a) MoS2 and (b) MoS2-COOH sheets. (c) 

UV-vis absorption spectrum for MoS2 and MoS2-COOH dispersion in water. (d) Analysis of 

FTIR of the monochloroacetic acid (MCA) carboxylated modified MoS2-COOH, MoS2 

and MoS2-COOH/BSA chips. 

 

Figure 3. The XPS survey spectra (a) and high resolution XPS spectra of Mo 3d (b), S 2p (c), 

and C 1s (d) of MoS2-COOH thin films. 

 

Figure 4. Comparison of the efficiency of immobilizing different concentrations of protein 

on the sensing chips (a) 2.27 μM and (b) 1.52 μM at an injection volume of 20 μl. 

 

Figure 5. SPR sensorgrams of the label-free detection immunoassay during binding 

reactions between antigen-antibody interactions and sensing interface, showing the angle 

shift in (a) MoS2-COOH (1 g/l), (b) MoS2-COOH (0.5 g/l), (c) MoS2 (1 g/l) (d) WS2 (1 g/l) 

and (e) traditional SPR (MOA) chips. (f) The linear calibration curves of the five different 

sensing chips in the antigen-antibody interactions of the SPR assay.  

 

Figure 6. (a) The detection limit of the SPR-based MoS2-COOH biosensor. Kinetic analysis 

of the five different sensing chips in the antigen-antibody interactions of the SPR assay. (b) 

The affinity analysis of BSA and anti-BSA protein interactions for SPR sensorgram in 
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real-time. (c) Molecular kinetic analysis of the interaction factors determining the efficiency 

of the different chips. 
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Highlights 

 This work demonstrates the excellent potential of SPR-based biosensors to 

generate MoS2-COOH as biocompatible surfaces on sensing films. 

 The affinity binding of the MoS2-COOH chip can be significantly 

enhanced by up to ∼6.5 folds that of the MoS2 chip. 

 The MoS2-COOH chip could amplify the SPR angle response by 3.1 folds 

and enhance the high association rate of ka by 212 folds compared to MoS2 

and traditional SPR chips. 

 

 




