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Abstract 

In this work, the indium oxide and iron molybdenum selenide (In2O3@FeMoSe2) 

heterojunctions were synthesized using a simple hydrothermal method. The 

morphological and structural properties of the obtained heterojunctions were 

comprehensively characterized. In-situ functionalization of the hierarchical 

micro-flowers of FeMoSe2 with In2O3 nanoparticles dramatically boosts electrical 

conductivity, photocatalytic activity and peroxidase-like activity. Benefiting from the 

band gap matching of In2O3 and FeMoSe2, and dopamine (DA) as electron donors, 

and realizing photocurrent signals amplification. In the presence of H2O2, 

In2O3@FeMoSe2 catalyzes the oxidation of 3,3',5,5'-tetramethylhydrogen dioxide 
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(TMB) to a blue product. DA capture hydroxyl radicals, thereby inhibiting the 

oxidation of TMB, which leads to a lighter blue color and a subsequent decrease in 

absorbance. Here, a photoelectrochemical and colorimetric dual-mode sensor for 

dopamine assay based on In2O3@FeMoSe2 was constructed. The detection limits were 

14.7 nM and 0.19 μM (S/N = 3), respectively. The sensor was successfully applied to 

the detection of dopamine (DA) in human serum and urine samples, exhibiting high 

sensitivity, excellent reproducibility, and reliable stability. To the best of our 

knowledge, this strategy for DA detection has not been previously reported. 

Keywords: In2O3@FeMoSe2 heterojunctions; Dopamine; Photoelectrochemical ; 

Colorimetric 

 

1. Introduction 

Dopamine (DA) is a crucial neurotransmitter in the human central nervous 

system known to humans that helps human cells to transmit a variety of chemicals [1]. 

DA concentration range in the human body is in a dynamic balance with the existence 

of self-regulatory mechanisms with mental stimuli . It may cause some very serious 

diseases, including local ischaemia, Alzheimer's disease, Parkinson's disease in 

children and even neuropsychiatric disorders [2-4] when DA concentrations are 

chronically imbalanced. Therefore, the exploration of a sensitive assay that can 

accurately quantify DA is crucial for and human health [5-6].  

At present, several strategies such as fluorescence spectrophotometry [7], 

ultraviolet spectrophotometry [8], capillary electrophoresis [9], electrochemical 
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detection[10], photoelectrochemical (PEC) detection [11] etc. are available for the 

quantitation of DA. Among them, PEC sensors are believed to an innovative and 

promising strategy in recent years. By employing light and electrical energy forms, 

PEC sensors often exhibit higher sensitivity, lower background signal, shorter reaction 

time and lower detection limit [12]. The microsensors are simple faster detection 

speed and low cost. Meanwhile, colourimetric sensors are also favoured by 

researchers because of their visual and qualitative properties. Although both sensors 

have their unique advantages and characteristics, the single-signal mode is susceptible 

to external interference, which leading to false-positive or false-negative results and 

thus weak resistance to interference. In addition, single signals do not provide internal 

reference correction, making it difficult to ensure high accuracy and reliability of the 

results [13]. Dual-mode detection by PEC sensing and colorimetric sensing can 

achieve complementary advantages with high sensitivity, high selectivity, easy 

operation and visualisation. Comparatively, utilizing dual-mode detection can reduce 

external interference through different mechanisms and independent signal 

transduction pathways, and the detection results can be verified with each other, 

which has good feasibility and application prospects. 

Indium oxide (In2O3) possessing a high specific surface area, which could be 

enhances the effective area for gas adsorption and desorption, thereby exhibiting 

excellent sensitivity. In2O3 exhibits a range of advantageous properties, including high 

mechanical stability and ease of surface functionalization, thanks to its surface 

electronic structure [14]. In addition, it is widely used as an active material in the field 
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of PEC sensors , gas sensors, transistors owing to these properties of good catalytic 

activity, permeability, adsorption, peroxide-like and wide bandgap[15-19]. For 

example, Xu et al. constructed an ultra-thin carbon nitride nanosheet-coated In2O3 

with excellent properties. This novel architecture was specifically employed as a PEC 

sensor for monitoring diazinon (DZN) residues in water environments [20]. 

Functionalized In2O3 exhibits superior peroxidase-like activity, For instance, Ban et al. 

developed a straightforward yet highly sensitive sensor platform for hydrogen 

peroxide detection based on Ce doped IN peroxide-like materials [21]. 

Molybdenum diselenide (MoSe2) is a novel semiconductor material with a 

unique electronic structure and high photoelectric conversion efficiency, which has 

attracted increasing attention as a photoactive material [22]. Owing to its large 

interlayer spacing, MoSe2 readily allows the intercalation of metal ions such as Fe³⁺ 

and Li⁺ to form intercalation compounds. This process modulates the electronic 

structure, increases the density of catalytically active sites, and enhances charge 

transfer conductivity and electrocatalytic activity. As a result, MoSe2 holds broad 

applications in energy storage, oxygen reduction reaction (ORR) and the development 

of novel functional materials. Iron-doped molybdenum diselenide (FeMoSe2) 

prepared by hydrothermal method exhibits a vertically aligned structure, which 

exposes more active edge sites and thereby enhances its electrocatalytic activity 

[23-24]. Although FeMoSe2 with favourable electrical conductivity has been used as a 

sensitizer for electrochemical detection, it has been applied less in PEC sensing. 

Herein, In2O3 nanoparticles with excellent mechanical stability, chemical 
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stability, and peroxidase-like activity were synthesized via the calcination of indium 

metal-organic frameworks (In-MOF). We have synthesized a novel In2O3@FeMoSe2 

heterojunctions for the first time leveraging the high electron mobility and excellent 

PEC performance of FeMoSe2 and the high mechanical stability of In2O3. The overlap 

of bandgaps between the two monomers facilitates electron transfer, thereby 

enhancing the photoelectric conversion efficiency. The catechol structure of dopamine 

facilitates its role as an electron donor in charge transfer reactions. This electron 

donation process directly contributes to the amplification of the photoelectrochemical 

signal, enhancing detection sensitivity. Meanwhile, the peroxidase-like activity of the 

heterojunctions is enhanced, effectively catalyzing the conversion of hydrogen 

peroxide to hydroxyl radicals. Subsequently, these radicals mediate the oxidation of 

3,3',5,5'-tetramethylbenzidine (TMB), generating a blue-colored derivative (TMBox) 

which exhibits a pronounced absorption maximum at 651 nm. DA reacts with 

hydroxyl radical and forms a competitive relationship with TMB, which indirectly 

inhibits the oxidation of TMB. The attenuation of the absorption peak, accompanied 

by a fading of the blue color, provided a straightforward visual method for dopamine 

(DA) detection. As depicted in Scheme 1, by taking advantage of two complementary 

detection methods to generate distinct signals, a colorimetric and PEC dual-mode 

sensing system based on In2O3@FeMoSe2 heterojunctions was constructed, which 

was utilized to quantify DA with high sensitivity, stability, and wider linear range. 

This strategy further ensures the accuracy and reliability of the detection results. 
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Scheme 1. The preparation steps and detection schematic diagram of the dual-mode 

sensor. 

2. Experimental 

2.1. Reagents and apparatus 

Dopamine hydrochloride (DA), indium nitrate hydrate (In(NO3)3·xH2O), 

terephthalic acid (C8H6O4), Ferric chloride hexahydrate (FeCl3·6H2O) and selenium 

(Se) powder were purchased from Shanghai Alding Reagent Co., LTD. Hydrazine 

hydrate (N2H4·xH2O) was purchased from Chengdu Kelon Chemical Reagent Factory. 

0.2 M phosphate buffer solution (PBS) was prepared from NaH2PO4, Na2HPO4 and 

KCl.  

The prepared materials were qualitatively analyzed using scanning electron 

microscopy (SEM, ZEISS Supra 55, Germany), X-ray photoelectron spectrometer 

(XPS, Thermo Fisher Scientific Co., Waltham, MA), transmission electron 
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microscopy (TEM, Philips Tecnai-12, Netherlands), and UV-Visible 

Spectrophotometer (UV-Vis, UV-1601, Shimadzu Corporation, Japan). The 

photoelectrochemical (PEC) response was measured using a CHI760e electrochemical 

workstation (Shanghai Chenhua Instrument Co., Ltd., China). An indium tin oxide 

(ITO) glass electrode, with a defined active area of 1 cm2, served as the working 

electrode, platinum column electrode as the auxiliary electrode and Ag/AgCl 

electrode as the reference electrode. in a standard three-electrode configuration. 

2.2. Synthesis of In2O3 

In2O3 was prepared by hydrothermal synthesis [25]. First, 1 g of C8H6O4 and 

2.75 g of In(NO3)3-xH2O were dispersed into 315 mL of DMF, and the reaction was 

carried out at 100 ℃ with continuous stirring for 10 min, The synthesized product 

was washed several times with anhydrous methanol and ethanol, followed by drying 

at 60 °C, to yield the precursor In-MOF. The dried In-MOF was loaded into a tube 

furnace and thermal treatment in air at 120°C for 2 h. Subsequently, the temperature 

was elevated to 500°C at a controlled rate of 5°C/min and maintained at this 

temperature for 2 h to ensure complete conversion to the desired metal oxide phase. 

Cool the product to room temperature to obtain pale yellow In2O3 powder. 

2.3. Synthesis of In2O3@FeMoSe2 heterojunctions 

In2O3@FeMoSe2 heterojunctions were synthesised improved method. 0.2 g of 

FeCl3 6H2O and 0.2 g of Na2MoO4-2H2O dissolved into 20 mL of deionised water to 

prepare a mixed solution A. 0.12 g of selenium powder was dissolved in 10 mL of 

hydrazine hydrate (N2H4-xH2O) to prepare a mixed solution B, followed by slowly 
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added dropwise to solution A, and heated at 180 °C for 12 h. Finally, the 

In2O3@FeMoSe2 heterojunctions were obtained by centrifugation, washed with 

ethanol and deionised water, and then dried under vacuum at 60 ℃. FeMoSe2 was 

synthesized by the same method, except that In2O3 was not added. 

2.4. Preparation of modified electrodes 

The ITO (5×1 cm, <6 Ω) conductive glass electrode was successively cleaned 

with acetone and anhydrous ethanol by ultrasonication for 20 min, and then cleaned 

by ultrasonication with deionised water and then dried with infrared lamp for spare. 1 

mg of In2O3@FeMoSe2 heterojunctions were ultrasonically dispersed in 1 mL of 

deionised water to make 1 mg/mL In2O3@FeMoSe2 suspension. Accurately aspirate 

10 μL of the suspension to coat the conductive surface of the ITO glasselectrode, and 

dry naturally to obtain In2O3@FeMoSe2/ITO. 1 mg/mL of In2O3 suspension and 1 

mg/mL of FeMoSe2 suspension were prepared by the same method, and In2O3/ITO 

and FeMoSe2/ITO were produced. 

2.5. Analytical performance of dual-mode detection DA 

The PEC properties of the modified ITO electrodes were investigated using the 

time-current method (i-t) and electrochemical impedance spectroscopy (EIS). i-t 

parameters were set to an initial potential of 0 V and a sampling interval of 0.5 s. EIS 

measurement was configured with a bias potential of 0.35 V, an AC amplitude of 

0.005 V, and a frequency sweep ranging from 104 Hz to 1 Hz, preceded by a 2 s 

settling time at each frequency. The peroxidase activity of the prepared 

peroxidase-like material (In2O3@FeMoSe2) was detected by colorimetric method 
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using a UV-visible spectrophotometer, and the substrate was prepared as follows. 0.2 

mL of TMB (0.05 M), 0.2 mL of H2O2 (0.2 M), and 0.1 mL of an aqueous dispersion 

of In2O3@FeMoSe2 (1 mg/mL) were added to 1.5 mL of PBS buffer solution (0.1 M, 

pH 4.0), respectively. A series of different concentrations of DA were introduced to 

the substrate, followed by a subsequent incubation period of 30 min at room 

temperature. Finally, the supernatants were obtained by centrifugation, and then 

detected the UV-visible spectrophotometry. 

3. Results and discussion 

3.1. Characterizations of the materials 

The morphological and structural features of In2O3 and In2O3@FeMoSe2 

heterojunctions were estimated by scanning electron microscope (SEM). As Fig. 1A 

and 1B, the In2O3 exhibits uniform nanoparticles. In the case of In2O3@FeMoSe2 

hybrid, displays a uniform three-dimensional architecture composed of micro-flowers 

that are assembled from numerous interconnected, petal-like nanosheets. These 

uniform nanosheets provide a large specific surface area and a large number of active 

sites for enhancing effective PEC catalysis. SEM images of In2O3@FeMoSe2 

heterojunctions reveal that the FeMoSe2 microflowers are uniformly decorated with 

In2O3 nanoparticles, forming a well-integrated heterojunction structure that facilitates 

efficient charge transfer (Fig. 1C and 1D). The morphology and microstructure of the 

flower-like In2O3@FeMoSe2 heterojunctions is characterized by transmission electron 

microscope (TEM). The In2O3 expresses ellipsoidal nanospheres with a size of about 

30 nm, and FeMoSe2 shows a sheet like morphology (Fig. 1E and 1F). 
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Fig. 1 (A) and (B) are SEM images of In2O3, (C) and (D) are SEM images of 

In2O3@FeMoSe2, (E) and (F) are TEM images of In2O3@FeMoSe2 

The chemical bonding, binding energies and valence states of In2O3@FeMoSe2 

heterojunctions were evaluated through X-ray photoelectron spectroscopy (XPS). The 

full scan XPS spectrum shows the peaks of O, Mo, Fe, In and Se elements (Fig. 2A). 

In the high-resolution scan of O 1s, the spectral peaks at 529.4 eV and 531.1 eV 

correspond to the two different chemical states of lattice oxygen (OL) and oxygen 

vacancy (OV) of the In-O bond, respectively (Fig. 2B) [26]. The peaks appear at of 

Mo 3d assigned to 229.2 eV, 231.7 eV and 232.5 eV, 234.7 eV exhibit two mixed 

valence states of Mo6+ and Mo2+, respectively (Fig. 2C). The characteristic peaks at 

710.7 eV and 724.6 eV belong to Fe 2p3/2 and Fe 2p1/2, reflecting the presence of Fe3+ 

species (Fig. 3D). The peaks located at 444.0 eV and 451.6 eV are are ascribed to the 

two electronic states of In3+ 3d 3/2 and In3+ 3d5/2, respectively (Fig. 2E). The Se 3d 

section can be separated into two obvious peaks at 53.9 eV and 54.9 eV, 

corresponding to Se 3d3/2 and Se 3d5/2, respectively (Fig. 3F) [27]. 
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Fig. 2 XPS analysis of In2O3@FeMoSe2 (A), high-resolution XPS spectra of (B) O 1s, 

(C) Mo 3d, (D) Fe 2p, (E) In 3d, (F) Se 3d 

It is well known that the energy band structure is affected by the charge transfer 

at the interface of the composite junction. In the work, the UV-Vis diffuse reflectance 

spectra (DRS) was employed to monitor the light absorption properties of the 

prepared PEC materials. As Fig. 3A, the bandgap energy (Eg) value was calculated by 

the following Tauc equation[28]: 

(αhv)=K(hv-Eg)
n         (1) 

where α, h, v, K, Eg, refer to the absorption coefficient, Planck's constant, frequency 

of light, forbidden bandwidth of the semiconductor, respectively. hv denotes the 

energy of the photon, and n is directly related to the type of semiconductor. The n 

value of direct bandgap semiconductors is 1/2. In the case of direct bandgap 

semiconductors, n value is 1/2. The n values of 1/2 for both In2O3 and FeMoSe2 are 

attributed to the fact that they are direct bandgap semiconductors. By converting DRS 
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to the graph shown in Fig.3B based on the Tauc equation, the Eg values of In2O3, 

FeMoSe2 and In2O3@FeMoSe2 are 3.58 eV, 1.75 eV and 2.13 eV for, respectively 

[29-30]. The Eg value of the heterojunctions is reduced by 1.45 eV after bonding with 

FeMoSe2 compared to In2O3. Besides, the types of semiconductors were investigated 

by Mott-Schottky (M-S) analyses, as shown in Fig. 3C and 3E. The results show that 

the M-S curves of In2O3 and FeMoSe2 are positive tangent slopes, demonstrating that 

they are typical n-type semiconductors. The extrapolated CB positions of In2O3 and 

FeMoSe2 are -2.10 eV, and -0.08 eV (vs. NHE), respectively, attribute to the flat 

bands of n-type semiconductors are closer to their conduction band (CB) positions. 

By analyzing the M-S curves, the intercepts correspond to -2.30 eV and -0.28 eV, 

respectively (vs. NHE). The order band (VB) positions of In2O3 and FeMoSe2 are 

calculated to be 1.48 eV and 1.67 eV, respectively, based on the Eg values.  

Fig. 3F briefly illustrates the proposed interfacial electron transfer mechanism of 

the In2O3@FeMoSe2 heterojunctions. The effective hybrid of In2O3 and FeMoSe2 

promotes the separation of electrons and photovoltaic holes at the binary 

heterojunction interface. Plainly, under light irradiation, In2O3 and FeMoSe2 exhibit 

complementary and matching light absorption energies. The established hybrid band 

structure subsequently facilitated the efficient migration of photogenerated electrons 

(e-) from the conduction band (CB) of In2O3 to that of FeMoSe2. Meanwhile, holes (h+) 

are transferred from FeMoSe2 with higher VB to In2O3 with lower VB. This energy 

band structure promotes the spontaneous transfer of electrons from high energy level 

to low energy level, thus reducing the possibility of recombination of e- and h+, and 
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improving the efficiency of photoelectric conversion. As an electron donor, DA 

promotes the separation of e--h+ and enhances the optical signal. DA acts as an 

effective electron donor, readily suppressing charge carrier recombination by 

transferring e- to trap h+. This process effectively enhances the PEC response. The 

specific equation can be represented as follows: 

In2O3@FeMoSe2 + hν→h+ + e-                (2) 

h+ + DA → 5,6-Dihydroxyindole (DA+)         (3) 

 

Fig. 3 (A) Tauc evaluation of band-gap energy of different materials; Mott-Schottky 

curves for (B) In2O3, (C) FeMoSe2 and (D) In2O3@FeMoSe2. (F) The photoelectron 

transfer mechanism of the In2O3@FeMoSe2/ITO in the presence of DA 

3.2. Feasibility of the ternary In2O3@FeMoSe2 based sensor 

The feasibility of the In2O3@FeMoSe2 based sensor was investigated by 

recording its PEC signals and absorbance (Fig. 4A). The photoelectric conversion 

efficiencies of different materials modified electrodes in 0.2 M PBS buffer solution 

(pH 7.0) were explored, there was almost no photocurrent in bare/ITO and In2O3/ITO. 
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The PEC current values of FeMoSe2/ITO and In2O3@FeMoSe2/ITO are 63.2 nA, 

100.8 nA, respectively. The In2O3@FeMoSe2/ITO exhibit highest photocurrent than 

the monolithic electrodes, indicating the higher photoelectric conversion efficiency. 

For comparison, the photocurrent of In2O3@FeMoSe2/ITO increases to 278.6 nA in 

the presence of 47.8 μM DA (Fig. 4B). The result shows that In2O3@FeMoSe2 has a 

certain degree of strong catalytic activity towards DA, and the photocurrent changes 

by 2.8 times in the absence and presence of DA. Meanwhile, Electrochemical 

impedance spectroscopy (EIS) technology was used to analyze the ability of electron 

transfer in 5 mM [Fe(CN)6]3-/4- containing 0.1 M KCl for these materials modified 

electrodes (Fig. 4C). Obviously, the electron transfer resistance (Ret) of FeMoSe2/ITO 

is smaller than bare/ITO, owing to the excellent conductivity that seriously increases 

the electron transfer rate. The Ret value is the smallest on the In2O3@FeMoSe2/ITO, 

thanks to good synergistic effect, and implies successfully hybrid. 

To investigate the peroxidase-like properties of different materials, the catalytic 

oxidation of the chromogenic substrate TMB was analyzed both in the presence and 

absence of H2O2 (Fig. 4D and 4E). In the absence of H2O2 presence, the reaction 

system containing TMB and In2O3@FeMoSe2 (curve a) shows non-significant UV 

absorption, indicating that In2O3@FeMoSe2 is a peroxidase-like enzyme material. In 

contrast, all three systems containing only H2O2 (curve b), In2O3 and H2O2 (curve c) 

and FeMoSe2 (curve d) had low absorption, suggesting that H2O2 alone or with the 

monomer triggers the oxidation of TMB only slightly. When TMB, H2O2 and 

In2O3@FeMoSe2 are present simultaneously, a stronger absorption intensity can be 
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observed, accompanied by a marked darkening of the blue color. The absorption 

strength of In2O3@FeMoSe2 is 1.7 times and 2.0 times higher than that of In2O3 and 

FeMoSe2, respectively. These results indicate In2O3@FeMoSe2 has an excellent 

peroxidase-like activity. 

3.3 Optimisation of experimental conditions 

In the process of constructing the PEC sensor, the concentration of the 

In2O3@FeMoSe2 suspension was rigorously optimized. Blue light (20 W) was used as 

the excitation light source, and the potential was set to 0 V. As illustrated in Fig. 4F 

and 4G, the relative photocurrent increment, denoted as ΔI, was defined as the 

absolute difference in photocurrent between the target sample (I) and the blank 

reference (I0), calculated using the formula ΔI =|I-I0|. ΔI was positively correlated with 

the In2O3@FeMoSe2 concentration, showing more photogenerated electrons, and 

reached its maximum value when the concentration was 5 mg/mL. Therefore, the 

concentration at 5 mg/mL of In2O3@FeMoSe2 suspension was selected as the optimal 

value for all subsequent of the PEC sensor. In addition, photocurrent response of 

In2O3@FeMoSe2/ITO in PBS buffer containing 47.8 μM DA at different pH was 

investigated (Fig. 4H and 4I). ΔI reached the maximum value at pH 7.0. Hence, the 

PBS buffer solution with pH 7.0 was chosen as the optimal pH condition in PEC 

sensing. 
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Fig. 4 Photoelectric curves of different modified electrodes (A) without DA, (B) with 

DA (C) EIS diagram of different modified electrodes; (C) UV-VIS absorption spectra 

of various reaction systems: (a) TMB+In2O3@FeMoSe2, (b) TMB+H2O2, (c) 

TMB+H2O2+In2O3, (D) TMB+H2O2+FeMoSe2, (e)TMB+H2O2+In2O3@FeMoSe2 and 

(D) absorbance of each reaction system; (F) Diagram of the influence of the modified 

electrode with different In2O3@FeMoSe2 concentrations on the photocurrent response 

and (G) corresponding data; (H) Influence graphs of photocurrent response of 

In2O3@FeMoSe2/ITO at different pH and (I) corresponding data 

3.4. Analysis of DA 

The quantitative performance of the sensor base on In2O3@FeMoSe2 

heterojunctions was investigated. It is show that the photocurrents exhibit gradual 

increase with the DA concentrations using the time-current (i-t) method under optimal 
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experimental conditions (Fig. 5A). As further evidence, the photocurrents reveal 

linear dependence with the DA concentrations in a range from 0.05 to 100 μM, with a 

linear regression equation of I(nA)=3.34C(μM)+105.76 (R=0.9982) (Fig. 5B). The 

detection limit (LOD) is calculated to be 14.7 nM. Meanwhile, it is found that the 

absorbance of exhibit gradual reduction and the blue color of the reaction solution 

gradual becoming lighter with the DA concentrations in a range from 0.5 to 75 μM 

using UV-Vis spectrophotometry at 651 nm (Fig. 5C), with a linear regression 

equation of A=-0.0123C(μM)+1.07 (R=0.9970) (Fig. 5D). The LOD is calculated to 

be 0.19 μM. The analytical performance of the developed sensor was rigorously 

compared with the previously established methods for DA detection (Table.1), 

indicated that the wider linear range and lower LOD of the PEC and colorimetric 

sensor based on In2O3@FeMoSe2 heterojunctions can achieve dual-mode detection. 

 

Fig. 5 (A) Photocurrent curves of different concentrations of DA (0.05-100 μM) and 

(B)its standard curves; (C) UV-VIS spectra of DA (0-75 μM) at different 

concentrations and (D) its standard curves. 
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Table.1 Comparison of other methods for the determination of DA 

Materials/Electrodes Methods Linear range (μM) LOD (μM) Refs. 

ZnIn2S4/TiO2/FTO PEC 0.5–1000 0.253 [5] 

ZnMOF/ITO/FTO PEC 0.03-10 0.0177 [6] 

(001)TiO2/Ti3C2 PEC 1-1000 0.52 [31] 

CsPb2Br5/CdS PEC 0.3–300 0.0116 [32] 

AuMS colorimetric 10.0-80.0 128 [33] 

MoS2/graphene colorimetric 1-400 0.21 [34] 

CoFe2O4 colorimetric 5–80 μM 0.233 [35] 

In2O3@FeMoSe2/ITO 

PEC 0.05-100 0.0147 

This work 

colorimetric 0.5-75 0.19 

3.5 Selectivity and stability 

It is acknowledged that actual samples frequently exhibit complicated 

compositions, thus necessitating high selectivity to guarantee the analytical 

performance and usefulness of the dual-modal platform. Therefore, the sensor was 

investigated with some typical possible interferences such as cations (Ca2+, Mg2+, Na+, 

and K+), uric acid (UA), L-cysteine (Cys), ascorbic acid (AA), glucose (Glu), glycine 

(Gly), arginine (Arg), and glutathione (GSH) in the presence of DA, and the possible 

interferences concentrations equivalent to 50 times DA. The effects of DA alone and 

possible interferences co-existence in the PEC and colourimetric sensing tests were 

shown in Figs. 6A and 6B, respectively. A negligible variation is observed in the 

presence of such interferences by comparing the relative activity, indicating that the 
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proposed bimodal sensor has good selectivity. Besides, the stability of the PEC in the 

absence and presence of 30 μM DA was investigated with RSDs of 0.33% and 0.74%, 

respectively, indicating a high stability (Fig. 6C).  

 

Fig. 6 (A) Photocurrent ratio diagram and (B) absorbance ratio diagram of DA and 

interferors alone and co-existing; (C) short-term stability in In2O3@FeMoSe2 systems 

with and without DA (inset: corresponding data) 

3.6. Real sample analysis 

The practicability and application prospect of the dual-modal system were 

subjected to evaluation by standard addition method. This was achieved by 

introducing precise volumes of DA standard stock solutions into aliquots of the 

human serum and urine samples to generate a concentration gradient for accurate 

quantification. The samples were determined by recovery based on PEC and 

colorimetric sensor successively, and the results are shown in Table 2. The recoveries 

of DA were 101.30%~102.7% and 95.88%~98.48%, respectively, and the RSDs 
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ranging from 1.56% to 3.51% and 1.88% to 3.10%, respectively. The results show that 

the dual-modal system is reliable and can be used for the determination of dopamine 

in biological samples. 

Table.2 Detection results for DA in human serum and urine samples (N=3) 

Samples 

Added 

(μM) 

PEC sensor Colorimetric sensor 

Found 

(μM) 

Recovery 

(%) 

RSD 

(%) 

Found 

(μM) 

Recovery 

(%) 

RSD (%) 

Human 

serum 

5 5.10 102.00 1.25 4.89 95.88 2.78 

10 10.13 101.30 2.34 9.87 96.76 3.10 

60 60.82 101.37 3.51 59.10 97.17 2.58 

Human 

urine 

5 5.07 101.40 2.32 4.89 97.44 1.90 

10 10.27 102.70 1.56 9.91 97.92 2.12 

60 60.48 100.80 2.78 59.56 98.48 1.88 

4. Conclusion 

In summary, a novel In2O3@FeMoSe2 heterojunctions were prepared synthesized 

with a cost-effective hydrothermal method. The material exhibited excellent 

photoelectrocatalytic activity, peroxidase activity and stability, which successfully 

designed and constructed to the PEC and colorimetric dual-mode sensor for sensitive 

analysis of DA. The dual-mode sensor exhibits excellent stability and sensitivity, as 

well as a low detection limit. It is suitable for the detection of DA in human serum and 

urine for practical applications, and is a versatile, high-performance, economical and 

convenient dual-mode detection platform. Consequently, this efficient sensing 
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strategy has considerable potential and broad prospects in biological research. 
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