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      Hydrazine has been identified as a carcinogenic mutagenic, hepatotoxic, and neurotoxin material. A metal-organic framework with 
tetragonal symmetry, DMOF-1 (Zn2(bdc)2dabco) was synthesized by a versatile and facile technique, followed by its efficient development 
and validation as hydrazine electrochemical sensor. Differential pulse voltammetry (DPV), linear sweep voltammetry (LSV), and cyclic 
voltammetry (CV) techniques were used as diagnostic techniques. Scanning electron microscopy (SEM) and x-ray diffraction (XRD) were 
also used to characterize the MOF. In the electro-oxidation of hydrazine, there was a highly catalytic activity shown by the modified 
electrode.  In addition, there was a greater signal response, compared to the unmodified electrode, which was primarily attributed to the 
large active surface area provided by DMOF-1. The detection limit for hydrazine, linear range, and sensor sensitivity were reported to be 
0.02 µM, 0.09-400.0 µM, and 0.0863 µA/µM-1, respectively. Based on the results, the amplified sensor was able to properly analyze 
hydrazine in different samples of water. 
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INTRODUCTION 
 

With a broad range of agricultural, medical, military, 
and industrial uses, hydrazine (N2H4) is a strong reducing 
agent and an extremely reactive base [1,2]. Easily absorbed 
via inhalation, skin, and oral exposure routes, hydrazine is a 
toxic and volatile material. Moreover, it has been identified 
as a carcinogenic mutagenic, hepatotoxic, and neurotoxin 
material [3-6]. As such, many studies have focused on      
the  formation  of   novel   techniques  for   initial  hydrazine  
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detection. 

Electrochemistry, liquid chromatography, 
spectrophotometry, capillary electrophoresis, flow injection 
analysis, and gas chromatography-mass spectrometry       
(GC-MS) are among numerous approaches formerly created 
to measure the hydrazine’s concentration level [7-14]. 
Nevertheless, these methods have some shortages in terms 
of being used in real-time or in-situ measurements, 
including high cost, difficult application and complicated 
operation. However, owing to its high sensitivity, simple 
operation, and rapid response, the electrochemical technique 
is one of the most desirable methods.  

Patterned     mini-electrode    systems    with    working, 
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reference, and auxiliary electrodes, screen printed electrodes 
(SPEs) have become very popular in electrochemical 
sensors owing to their easy production and portability, high 
sensitivity, low cost, and fast response [15]. Several 
compounds have been discovered by the extensive 
application of SPE-based electrochemical sensors [16-20]. 

Nevertheless, the slow kinetics and surface fouling onto 
electrochemical devices limit the direct oxidation of 
electroactive compounds at conventional electrodes. In 
addition, other shortages of original electrodes as an 
electrochemical sensor for detection of electroactive 
compounds include high over-potential at electrodes, 
stability over a wide range of solution compositions, low 
sensitivity, and reproducibility [21]. Therefore, scholars 
have employed electrode surface modification at a broad 
range to deal with these shortages and enhance the features 
of the electrode surface in order to determine some 
pharmaceutical, biological, and environmental compounds 
[22-32]. 

In today’s basic science, one of the most attractive 
disciplines is nanoscience. Different attractive fields drive a 
great interest in nanoscience, thereby forming a novel 
industrial revolution [33]. According to the research, the 
modified nanomaterials can enhance the electrochemical 
sensors’ sensitivity [34-42]. 
      Belonging to the family of metal–organic frameworks 
(MOFs), DMOF-1 (also represented as Zn2(bdc)2dabco) is a 
crystalline nanoporous coordination polymer consisting of  
the Zn2 metal clusters connected by four benzene-(1,4)-
dicarboxylate (bdc) residues to create stretched planar 
sheets. In the third dimension, the adjacent sheets are linked 
by 1,4-diazabicyclo [2.2.2]octane (dabco) linkers. The 
alignment of the phenyl rings in the Zn2(bdc)2 sheets is 
vertical to their plane on average [43].  

Considering the metal ions are synchronized to organic 
ligands to create inflexible 3D frameworks with special 
characteristics (e.g., chemical tenability, high porosity, and 
high accessible surface area), MOFs have been recognized 
as a new category of crystalline porous materials since the 
last decade [44]. MOFs have exhibited proper uses in 
different industrial and research fields, such as gas 
separation/storage, magnet, sensing and heterogeneous 
catalysis, due to their brilliant features [45]. As such, MOFs 
can be essentially motivating and practically valuable in the 

 
 

alteration of electrochemical sensors [46].  
Preparation of a DMOF-1/SPE and its function in 

electro-oxidation determining of hydrazine in aqueous 
solutions are described in the current research. Moreover, 
the analytical performance of the modified electrode is 
evaluated to determine hydrazine in different water samples. 
 
EXPERIMENTAL 
 
Chemicals and Apparatus  

An Autolab potentiostat/galvanostat (PGSTAT 302N, 
Eco Chemie, the Netherlands) was applied for measuring 
electrochemicals. General Purpose Electrochemical System 
(GPES) software was employed to control conditions of 
experiments. 

 The screen-printed electrode (DropSens, DRP-110, 
Spain) includes 3 main sections that contain a silver pseudo-
reference electrode, a graphite working electrode, and 
graphite counter electrode. The pH was measured by a 
Metrohm 710 pH meter.  

Hydrazine and all the remaining reagents had an 
analytical grade. They have been prepared via Merck 
(Darmstadt, Germany). Orthophosphoric acid and the 
related salts, above the pH range of 2.0-9.0, were used for 
preparing the buffer solutions. 
 
Preparation of DMOF-1 

After adding 0.1 g of 1,4-benzene dicarboxilid acid and 
0.035 g of 1,4-diazabicyclo[2,2,2] octane as ligands to DMF 
(25 ml), the compound was reserved in the ultrasonic bath 
(duration = 10 min). Combining acetic acid (0.57 ml) and 
zinc acetate (0.132 g) with DMF (10 ml) resulted in the 
formation of the metal solution. Afterwards, the integrated 
solution of ligand and metal was boiled at 120 °C for 48 h. 
After washing the white precipitate with DMF, it was dried 
for 24 h at 60 °C.  
 
Preparation of the Electrode  

DMOF-1 has been used to coat the bare screen-printed 
electrode. A stock solution of DMOF-1 in 1 ml of aqueous 
solution was prepared by distributing 1 mg of DMOF-1     
via ultra-sonication for 30 min, whereas 5 µl of aliquots of 
the DMOF-1 suspension solution was cast on carbon 
working  electrodes. Then, we waited until  the  solvent was 
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evaporated at room temperature.  
 
RESULTS AND DISCUSSION 
 
Microscopic Area of DMOF-1/SPE 

The microscopic areas of the DMOF-1/SPE and the 
bare SPE were obtained by CV using 1 mM K3Fe(CN)6 as a 
probe at different scan rates. For a reversible process, the 
Randles-Sevcik formula [47] was used: 

 
ipa = 2.69 × 105n3/2AC0D R1/2 v1/2                                 (1) 
 

where ipa refers to the anodic peak current, n the electron 
transfer number, A the surface area of the electrode, DR the 
diffusion coefficient, C0 the concentration of K3Fe(CN)6 
and v is the scan  rate.  For 1 mM  K3Fe(CN)6 in  the  0.1 M  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
KCl electrolyte: n = 1 and DR = 7.6 × 10-6 cm s-1, then from 
the slope of the ipa-v1/2 relation, the microscopic areas were 
calculated. In DMOF-1/SPE, the electrode surface was 
found to be 0.14 cm2 which was about 4.46 times greater 
than the bare SPE. 
 
Morphology and Structure of DMOF-1 
      The morphology of as-synthesized product was 
characterized by scanning electron microscopy (SEM)       
(Fig. 1). The SEM image of D-MOF1 shows that the nano 
rods of the synthesized MOF are below 100 nm. Also, the 
nano rods were aligned successfully. The result shows that 
the high surface area will achieve because of the nano 
porous structure of MOF and nano rods of D-MOF1. 
      The powder XRD pattern of DMOF-1 is illustrated in 
Fig. 2. The result shows  some  sharp  peaks  confirming the  

 

Fig. 1. SEM image of DMOF-1. 
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Fig. 2. The XRD pattern of DMOF-1. 

 
Fig. 3. DPV (at 50 mV s-1) of DMOF-1/SPE at various buffered pHs, a-h correspond to 2.0, 3.0, 4.0, 5.0, 6.0, 

               7.0, 8.0 and 9.0 pHs, respectively. Inset: Plot of I vs. pH. 
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formation of nano structure of D-MOF-1. Also, comparison 
of XRD pattern of the synthesized D-MOF-1 with simulated 
patterns in the literatures demonstrates that the D-MOF-1 
was synthesized correctly [48,49]. 
 
Electrochemical Behaviour of Hydrazine at the 
Surface of Different Electrodes  

The electrochemical behaviour of hydrazine depends on 
the pH value of the aqueous solution. Thus, it is essential to 
optimize the solution pH in order to gain more useful results 
for electro-oxidation of hydrazine. Therefore, hydrazine 
electrochemical behaviour was examined in 0.1 M PBS at 
distinct pH values (2.0-9.0) at the DMOF-1/SPE surface by 
voltammetry (Fig. 3). The results indicated more advantages 
of neutral conditions for hydrazine electro-oxidation at the 
DMOF-1/SPE surface  in comparison  to  the basic or acidic 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

medium. Here, pH 7.0 was selected as an optimal pH for 
hydrazine electro-oxidation at DMOF-1/SPE surface (Fig. 3 
inset).  

Figure 4 shows responses of CV to electro-oxidation of 
100.0 μM hydrazine at the unmodified SPE (curve b) and 
DMOF-1/SPE (curve a). The peak potential occurs at 950 
mV due to hydrazine oxidation, which is around 125 mV 
more negative than the unmodified SPE. Furthermore, 
DMOF-1/SPE exhibits more anodic peak currents for 
hydrazine oxidation than those of the unmodified SPE. This 
showed a significant improvement of the electrode 
performance toward hydrazine oxidation by modification of 
SPE changing the constant SPE with DMOF-1. 
      Also, DMOF-1/SPE in the absence of hydrazine in 0.1 
M PBS pH 7.0 (Curve c) showed no peak current. 
According to the literature, MOFs have a large  surface area  

 

Fig. 4. CVs of (a) DMOF-1/SPE  and (b) bare  SPE  in 0.1 M PBS (pH 7.0)  in the presence of 100.0 μM  
            hydrazine, and  (c) DMOF-1/SPE in 0.1 M PBS (pH 7.0) in the absence of hydrazine. In all cases  

                   the scan rate is 50 mV s-1. 
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and they can be useful in electrochemistry because of the 
electrochemical activity of the metal ions and the well-
ordered porous skeleton [50]; the features are in accordance 
to our results. 
 
Influence of Scan Rate  

Researchers investigated the influence of the rates of 
potential scan on hydrazine oxidation current (Fig. 5). 
Findings indicated induction of enhancement in the peak 
current by the increase in potential scan rate. Additionally, 
diffusion in oxidation processes are monitored, as inferred 
by the linear dependence of the anodic peak current (Ip) on 
the square root of the potential scan rate (ν1/2) for hydrazine 
[47].  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Calibration Plot and Detection Limit  

The electro-oxidation peak currents of hydrazine at 
DMOF-1/SPE surface can be applied to detect hydrazine in 
the solution. Since the increased sensitivity and more 
suitable properties for analytical utilizations are considered 
as the benefits of differential pulse voltammetry (DPV), 
DMOF-1/SPE in 0.1 M PBS consisting of different distinct 
concentrations of hydrazine was used to conduct DPV 
experiments (Fig. 6). It was found that the peak currents of 
hydrazine oxidation at DMOF-1/SPE surface linearly 
depended on hydrazine concentrations above the range of 
0.09-400.0 μM, while determination limit (3σ) achieved 
was 0.02 µM. 

 

Fig. 5. LSVs of DMOF-1/SPE in 0.1 M PBS (pH 7.0) consisting of 100.0 μM of hydrazine at different scan  
            rates. Values 1-7 are in agreement with 10, 30, 75, 100, 300, 500 and 700 mV s-1, respectively. Inset:  

             Variation of anodic peak current vs. ν1/2. 
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Analyzing Real Sample  
The method illustrated above was used to evaluate 

DMOF-1/SPE usability for determining hydrazine in real 
samples in order to determine hydrazine in various water 
samples. Therefore, the standard addition technique was 
applied. Table 1 reports the results. Acceptable recoveries 
of hydrazine were observed, and reproducible results were 
shown with regard to the mean relative standard deviation 
(R.S.D.). 

 
CONCLUSIONS 
 
      In this  work,  a   method   was   suggested  to  create  an 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
electrochemical sensor with a high-performance level used 
to determine hydrazine in aqueous solution in a sensitive 
manner. In aqueous solution of phosphate buffer, this 
modified electrode shows outstanding electrocatalytic 
behavior toward hydrazine oxidation. Moreover, a low 
detection limit (0.02 µM) and an excellent sensor 
performance with a wide linear range (0.09-400.0 μM) were 
reported as the features of the modified electrode under 
optimal conditions. In addition, the hydrazine was 
successfully determined by this modified electrode in 
different water samples, and proper recoveries were 
observed. 

 
Fig. 6. DPVs of  DMOF-1/SPE in  0.1 M PBS (pH 7.0)  composing  of  various  concentrations of  hydrazine.  
           Values 1-8 are in agreement with 0.09, 7.0, 15.0, 50.0, 100.0, 200.0, 300.0 and 400.0µM of hydrazine.  
          The inset shows  the peak current plot as  a concentration  function of  hydrazine  within  the  range of  

              0.09-400.0 µM. 
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