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Abstract
The present study introduces a novel Ni–Mo-MOF-modified screen printed electrode (Ni–Mo-MOF/SPE) to sensitively and 
rapidly detect amaranth. Cyclic voltammetry (CV) was also applied to evaluate the electrochemical behavior of amaranth 
on the surfaces of bare SPE and Ni–Mo-MOF/SPE, and differential pulse voltammetry (DPV) to calculate linearly detection 
range of amaranth. According to the results, various linear oxidation peak currents were obtained at different concentra-
tions (between 0.15 ± 0.001 and 500.0 ± 0.001 µM) and the limit of detection (LOD) was estimated to be 0.05 ± 0.001 µM 
in the optimal conditions. Additionally, the efficacy of developed electrode was tested by real samples, the results of which 
were satisfactory. The proposed Ni–Mo-MOF/SPE not only had special properties such as high selectivity, high sensitivity, 
cost-effectiveness and rapid response, but also was shown to possess wide applications for sensitively amaranth detection 
in real samples.
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Introduction

Aromatic azo dyes are by far the most substantial class of 
organic colorants widely exploited in different industries 
such as cosmetics, drug, agricultural and food fields. Such 
industries discharge wastewater containing large quanti-
ties of dyestuffs with chemically complex features and high 
concentrations [1, 2]. 3-hydroxy-4-[(4-sulfo-1-naphtha-
lenyl)azo]-2,7-naphthalenedisulfonic acid trisodium salt, 

amaranth, is a synthetic water-soluble red pyrazolone dye 
and suitable for the improvement of attraction and appear-
ance in some foods and soft drink. Nevertheless, additional 
consumption of amaranth can reportedly result in some 
health side effects, including impaired pediatric mental 
development, restlessness of children and childhood hyper-
activity disorder [3, 4]. Patients taking aspirin and benzoic 
acid may be harmed by using this dye. The amaranth can 
also be associated with asthma and hypersensitivity [5–7].
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Accordingly, the amaranth needs to be sensitively and 
easily determined by effective methods. There are currently 
some techniques for amaranth determination, including 
thin layer chromatography, TCL [8]; high performance liq-
uid chromatography mass spectrometry, HPLC-MS [9, 10]; 
electrochemical analysis [11–13]; liquid chromatography-
tandem mass spectrometry, LC-MS [14, 15] and spectro-
photometery [16]. Some advantages made electrochemical 
method interesting in this regard, including easy to use, no 
need for complicated equipment, low waste emissions, and 
possibility of miniaturization, rapidity and cost-effectiveness 
[17–19]. The electrode modification may be involved in the 
improvement of electrochemical sensor sensitivity for detec-
tion in the trace level. The chemical modification triggers 
electron transfer and thus induces electrocatalytic properties 
of the electrode surface and decreases the surface fouling 
[20–22].

Screen printed electrodes (SPEs) are used effectively in 
the construction of new electroanalytical methods due to 
their unique properties compared to other conventional elec-
trodes, including the ability to connect to portable devices, 
high sensitivity, ability to act at ambient temperature, quick 
response, need for low power, linear output, possibility of 
miniaturization, commercial availability, cost-effectiveness 
and easy to use, reproducibility and high repeatability 
[23–25].

Metal–organic frameworks (MOF) are involved in the 
connection of metal nodes and organic linker, with regular 
structures bearing uniformly dispersed components and con-
trollable pore size [26, 27]. Availability of metal active sites 
to rapidly electron/ion transfer is possible by MOFs due to 
the porous networks and large surface area. The fabrication 
of highly active metal electrocatalysts is possible with the 
controlled design and production of MOF-based materials. 
Synergetic impact of various metal sites on the surface of 
electrocatalysts makes hybrid bimetallic MOFs important 
materials to construct highly active electrocatalysts [28–30].

Therefore, the present study aimed to apply Ni and Mo as 
bimetallic ions for the synthesis of Ni–Mo-MOF to increase 
the framework stability and improve the catalytic proper-
ties through dispersion of active sites and coupling impact 
between the two metals, probably resulting in the introduc-
tion of a highly sensitive sensor for the amaranth detection.

Empirical protocols

Chemicals and devices

Electrochemical properties were evaluated by Eco Chemie 
Autolab PGSTAT30 Potentiostat/Galvanostat System, the 
Netherlands. The empirical conditions were monitored by 
general purpose electrochemical system (GPES) software. 

DropSens screen-printed electrodes (SPEs, DRP-110: Spain) 
included three unmodified graphite working electrode and 
graphite counter electrode and silver pseudo-reference 
electrode. The pH values were measured by a pH meter 
(Metrohm model 710).

Amaranth and all other reagents used were of analyti-
cal grade. They were purchased from Merck and Sigma-
Aldrich companies with highest available purity. Orthophos-
phoric acid as well as the related salts, which are above the 
pH range of 2.0–9.0 are utilized to prepare the solutions 
of buffer. Water was deionized by a Nano Pure System 
(Barnstead).

Preparation of Ni–Mo‑MOF

Co-precipitation method as performed for the fabrication 
of MOF at ambient temperature simultaneously by add-
ing 100 mL of 0.01 M  K2[Ni(CN)4] and 100 mL of 0.1 M 
ammonium molybdate tetrahydrate to  H2O (200 mL) as 
dropwise, thereby forming precipitates immediately. The 
resulting precipitates were isolated, and then the impurity 
ions (such as  K+) were excluded by washing precipitates 
several times with deionized water, followed by drying in a 
vacuum oven at 60 °C.

Preparation of electrode

The bare SPE was coated by the Ni–Mo-MOF in accordance 
with a simplified process. Thus, the Ni–Mo-MOF (1 mg) 
was dispersed in aqueous solution (1 mL) under ultrasonica-
tion for 40 min. Then, the suspension (5 μL) was dropped 
onto the surfaces of carbon working electrode, finally fol-
lowed by drying the solution at ambient temperature.

Preparation of real specimens

Orange juices and apple juices were purchased from local 
stores in Kerman, Iran, and used directly after filtration 
and without any pretreatment. We collected the tap water 
from our laboratory and analyzed it within 12 h. Before the 
analysis, the water has been filtered via a 0.22 μM cellulose 
acetate membrane. Then, each sample solution was poured 
individually into buffer solutions at pH value of 7.0 tested 
as real specimens.

Result and discussion

Electrochemical profile of amaranth on Ni–Mo‑MOF

The optimum pH value must be determined to achieve 
acceptable outputs to check the pH-dependent electro-
chemical profile of amaranth. Thus, the experiments were 
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performed by modified electrode using different pH values 
(2.0–9.0). At last, the best outputs for amaranth electrooxida-
tion were related to the pH of 7.0.

Figure 1 shows the CVs for the oxidation of amaranth on 
Ni–Mo-MOF/SPE (a) and bare SPE in the presence of 0.1 M 
PBS containing 100.0 μM of amaranth at the pH value of 7.0 
and the scan rate of 50 mV  s−1. The oxidation of amaranth 
showed the anodic peak potential of 860 mV on the bare 
SPE, but 660 mV on the Ni–Mo-MOF/SPE. In fact, 200 mV 
decrease confirms highly effective electrocatalytic activity 
of Ni–Mo-MOF material regarding the amaranth oxidation.

Effect of scan rate on the results

The oxidation peak current is elevated by raising the scan 
rate, as can be seen in the results from the evaluation of 
potential scan rate impact on the amaranth oxidation currents 
(Fig. 2). Moreover, a linear relationship was found between 
Ip and the square root of potential scan rate (ν1/2), indicating 
that the analyst oxidation is in the control of diffusion.

Tafel plot was drawn using data from ascending 
domain of current/voltage curve, recorded at a scan rate of 
10 mV  s−1 for amaranth (Fig. 3). This section of voltammo-
gram (Tafel region) has been influenced by the kinetics of 
electron transfer between amaranth and Ni–Mo-MOF/SPE. 
The Tafel slope was obtained to be 0.1567 V. This result is 
in line with the involvement of an electron at a rate indicat-
ing the electrode process phase, which presents the charge 
transfer coefficients of α = 62 for the amaranth.

Chronoamperometry

Ni–Mo-MOF /SPE at 710 mV were applied for chrono-
amperometric analysis of amaranth samples at different 

Fig. 1  CVs of Ni-Mo-MOF/SPE (a) and bare screen printed electrode 
(b) in exposure to amaranth (100.0  μM) at pH = 7.0, with the scan 
rate of 50 mV  s−1

Fig. 2  CVs of Ni-Mo-MOF/SPE in exposure to amaranth (100.0 µM) 
in 0.1 M PBS at pH = 7.0 at different scan rates (numbers 1–7: 10, 30, 
70, 100, 200, 300 and 400 mV  s−1), Insets: variation in anodic peak 
current versus square root of scan rate

Fig. 3  LSV of electrode at 10  mV   s−1 in exposure to amaranth 
(100.0 µM) in 0.1 M PBS at pH = 7.0; points: data applied in Tafel 
plot; inset: Tafel plot from linear sweep voltammetry
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concentrations in PBS (pH 7.0), as shown in Fig. 4. The 
chronoamperometric study of electroactive moieties in mass 
transfer limited conditions is based on Cottrell equation:

In this equation, D stands for diffusion coefficient 
 (cm2  s−1) and  Cb for applied bulk concentration (mol  cm−3). 
Empirical data from I versus  t−1/2 plot were drawn in Fig. 4A, 
having the optimal fits for different amaranth concentrations. 
The slopes related to straight lines in Fig. 4A were drawn 
versus the amaranth concentration, as in Fig. 4B. Based on 
the Cottrell equation and the obtained slope, the mean D 
value was estimated at 1.03 ×  10–6  cm2  s−1. This value is 
comparable with the values reported in some previous works 
(3.05 ×  10–6  cm2  s−1 [31] and 2.01 ×  10–6  cm2  s−1 [32]).

Calibration curve

The relationship between different amaranth concentra-
tions and peak current was evaluated by the DPV method. 
The DPVs corresponding to Ni–Mo-MOF/SPE exposed 
to distinct amaranth concentration were recorded at dif-
ferent concentrations of 0.15 ± 0.001 to 500.0 ± 0.001 μM 
(Fig.  5). The amaranth determination on the Ni–Mo-
MOF/SPE surface showed the limit of detection (LOD) 

I = nFAD
1∕2

C
b
�
−1∕2

t
−1∕2

of 0.05 ± 0.001 μM. Table 1 presents a comparison of 
voltammetric techniques for the detection of amaranth at 
the prepared electrode in this work and some other works.

Interference study

The impact of numerous interference substances on the 
determination of amaranth was investigated. The tolerance 
limit was taken as the maximum of the foreign materials 
concentration that resulted about ± 5% relative error in the 
determination. The results indicated that glucose, sucrose, 
L-threonine, alanine, glycine, guanine, tryptophan, Sudan 
I,  Na+,  Cl−,  K+,  Mg2+,  NO3

− did not affect the response. 
Therefore, the proposed sensor has an excellent selectivity 
for detection of amaranth.

Experiments on real samples

At last, the applicability of a novel electrochemical sensor 
of Ni–Mo-MOF/SPE was examined by the detection of 
amaranth in different real specimens, i.e. fruit juices and 
water resources. As shown in Table 2, the attained recov-
ery data confirmed the potential of sensitive Ni–Mo-MOF/
SPE sensor in the determination of amaranth present in the 
real specimens.

Fig. 4  Chronoamperograms gained at Ni-Mo-MOF/SPE in exposure 
to different amaranth concentrations (numbers 1–6: 0.1, 0.6, 0.8, 1.0, 
1.2 and 1.7 mM) in 0.1 M PBS at pH = 7.0; Insets: (A) I versus  t−1/2 
plots from chronoamperograms 1–6; (B) slope plot of straight lines 
versus amaranth concentrations

Fig. 5  Differential pulse voltammetry of Ni–Mo-MOF/SPE in expo-
sure to different amaranth concentrations (numbers 1–11: 0.15, 5.0, 
10.0, 25.0, 50.0, 75.0, 100.0, 200.0 300.0, 400.0 and 500.0  μM) in 
0.1  M PBS at pH = 7.0; Inset: peak current plot as a concentration 
function of amaranth in range of 0.15–500.0 μM
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Conclusion

In this work, we have successfully synthesized the 
Ni–Mo-MOF. A SPE was modified with Ni-Mo-MOF 
to fabricate the amaranth sensor. As determined by CV, 
Ni–Mo-MOF/SPE exhibited excellent electrochemical 
oxidation towards the detection of amaranth. Acquired 
DPV results at Ni–Mo-MOF showed a respectable linear 
range of 0.15 ± 0.001–500.0 ± 0.001 μM, lower LOD of 
0.05 ± 0.001 μM, the higher sensitivity of 0.0671 μA μM−1. 
Notably, the proposed method presented good selectivity for 
the determination of amaranth. According to the proposed 
protocol, appropriate recoveries were found to detect the 
amaranth in real samples.
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