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A B S T R A C T
The research deals with the manufacture of an electrode using modified 
carbon pas te to determine 2,4-dinitrophenylhydrazine (2,4-DNPHZ), 
The modified carbon pas te electrode (NiO-NCQD/g-C3N4/MCPE). 
The results show the presence of oxidation and reduction peaks, and 
it is subject to a quasi-reversible sys tem; the bes t value   of pH is (1) 
using sulfuric acid with a concentration of (0.1M), and scan rate is 
100 mv sec-1, it was linearity range of (1-1000) μM for oxidation, and 
(100-1000) μM for reduction, with correlation coefficient (R2=0.9717) 
and (R2=0.9914) for each of them, respectively. The proposed 
electrochemical method was compared with  two methods they are 
spectrophotometry at a wavelength 360 ( nm) and high-performance 
liquid chromatography (HPLC)  at wavelengths (340 and 250) nm. 
It turned out that  the electrochemical method (NiO-NCQD/g-C3N4/
MCPE) was superior to the spectrophotometry  method in terms of 
the detection limit. It turns out that there is no significant difference 
between (HPLC) and (NiO-NCQD/g-C3N4/MCPE) in terms of 
accuracy.  The proposed electrochemical method is a new analytical 
method characterized by accuracy, repeatability, and reliability.
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1. Introduction
The material of 2,4-Dinitrophenylhydrazine 
(2,4-DNPHZ) is a water pollutaFnt compound 
active in explosives. It belongs to the nitro-
aromatic (NAC) and is a hydrazine derivative 
[1-3]. 2,4-Dinitrophenylhydrazine has weak 
decomposition in water [4] but is soluble in 
organic solvents such as (Methanol, Acetonitrile, 
Tetrahydrofuran THF… etc.) [4]. It forms a 
yellow color solution, and long-term exposure to 
2,4-DNPHZ has many adverse health effects as a 

highly toxic compound [5]. It is used in indus try 
as a detection reaction of ketones and aldehydes. 
It seeps through was tewater from indus trial 
effluents and causes water pollution. Due to Figure 
1, 2,4-Dinitrophenyl hydrazine is oxidized to 
2,4-Dinitrophenyldizine material. 
It is used in many applications, such as Alzheimer’s 
detection [6]. It is also used as a surface enhancer 
for an adsorbent material such as magnetite 
or aluminum oxide to remove many heavy 
metal ions that are harmful to the environment, 
including Arsenic (As) and vanadium (V) [7-10]. 
It is used to determine the protein carbonyl [11] 
and in synthesizing Thiazolidin-4 as one of the 
biologically active drugs in treating malaria [12]. 

------------------------
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T hrough the reference s tudy, it was found that 
there is a scarcity of direct methods for analyzing 
2,4-dinitrophenylhydrazine; mos t of the reference 
s tudies used this compound as a reagent, where it 
was used as a selective reagent or as a derivatization 
reagent for the determination of aldehydes and 
ketones in spectroscopic, chromatographic, and 
electrochemical analytical methods. In high-
performance liquid chromatography, it is also 
used in the measurement of free and bound 
malondialdehyde in plasma [13], determination of 
linear aliphatic aldehydes in heavy metal-containing 
waters [14], determination of malondialdehyde 
in normal human urine [15].  It is also used in 
analyzing carbonyl (aldehyde and ketones) in food, 
drug, and blood serum as a reagent of pre-column 
derivative in the HPLC technique [16]. It is used 
in the analysis of amino acids [17], aldehydes in 
air [18], total carbonyl in meat [19], and aldehydes 
in food samples [20]. In spectrophotometry, it 
is also used as a reagent in the analysis of many 

drugs using spectrophotometry [21-24], such 
as tetracycline hydrochloride [25], catechol, 
resorcinol [26], and nateglinide as a drug for 
the treatment of diabetes [27]. Interaction of 
haloperidol and 2,4-Dinitrophenylhydrazine 
used for the quantification in drug formulations 
[28], spectroscopic, cytotoxicity and molecular 
docking s tudies on the interaction between 
2,4-dinitrophenylhydrazine derived Schiff bases 
with bovine serum albumin [29] at a wavelength 
near 360 nm [30]. In the electrochemical 
method, 2,4-dinitrophenylhydrazine was used 
in electrochemical methods such as Indirect 
determination of dopamine and paracetamol [31]. 
2,4-dinitrophenylhydrazine and its derivatives can 
be removed from aqueous media using multi-walled 
carbon nanotubes (MWCNTs) [32]. Carbon nitride 
graphene (G-C3N4) is used in many applications, 
including removing and dissolving many organic 
pollutants [33-36]. Carbon pas te electrodes (CPE) 
are important for chemically inert electrode 

Fig. 1.  Chemical equation for the reaction of 2,4-DNPHZ with aldehydes and ketones,
and oxidation 2,4-Dinitrophenyl hydrazine to 2,4-Dinitrophenyldizine.

Anal. Methods Environ. Chem. J. 6 (3) (2023) 19-35



21Determination of DNPHZ by NiO-NCQD/g-C3N4/MCPE            Khalil Ibrahim Alabid et al.

surface renewability, low ohmic resis tance, easy 
fabricating, environmentally friendly, and low cos t. 
However, its s tability, kinetics, and selectivity are 
weak. To solve this problem, surface modification 
(MCPE) is resorted to by modifiers [37]. Cyclic 
voltammetry analysis is one of the important 
analytical methods through which the quantitative 
and qualitative analysis of the s tudied material can 
be done. In addition to the possibility of s tudying the 
behavior of the s tudied material, such as diffusion 
coefficient (D), charge transfer coefficient (α.nα), 
the mass transport (mtrans), cons tant (K0), Gibbs free 
energy (ΔG), also, the highes t occupied molecular 
orbital (HOMO), lowes t unoccupied molecular 
orbital (LUMO), and others were used [37-38]. In 
previous s tudies, 2,4-Dinitrophenylhydrazine was 
used as a reagent in spectroscopic methods and as 
a derivation material for aldehydes and ketones in 
chromatographic analysis; this compound is one of 
the organic compounds harmful to the environment 
and has toxicity to many organisms. So, this 
research is also one of the important electrochemical 
analytical methods. It is an easy and simple method 
that can be applied in environmental monitoring 
and fields concerned with this compound. This 
research is one of the rare s tudies concerned with 
determining a 2,4-dinitrophenylhydrazine pollutant 
by an electrochemical method.

2. Experimental
2.1.  Ins trument and Reagents
SHIMADZU SPP-M20A high-performance liquid 
chromatography  HPLC device connected to a 
Diode Array Detector, Chromatographic column 
C18, with dimensions of of 25cm×0.46cm×5μm, pH 
metric device, a device voltammetry by Metrohm 
made in Switzerland, model 797VA. The materials 
used are characterized by high purity, namely 
2,4-Dinitrophenylhydrazine (O2N)2C6H3NHNH2; 
CAS N.: 119-26-6) produced by Sigma, Germany. 
The monosodium phosphate (α-Naphthyl 
Acid  Phospha te ,  Monosodium Sa l t ;  CAS 
N.: 81012-89-7), methanol (99.8%; CAS N.: 
Number: 67-56-1), concentrated sulfuric acid 
(95.0-98.0%; CAS N.: 7664-93-9; E.C. N.: 231-

639-5), boric acid (CAS Number: 10043-35-3), 
phosphorous acid (CAS N.: 13598-36-2; M.W.: 
82.00), sodium hydroxide (CAS N.: 1310-73-2; 
M.W.: 40.00), glassware of various sizes, boiled 
and cooled double dis tilled water (DW, Sigma, 
Germany) were used..

2.2.  Preparation of Reagents and solutions
The 2,4-Dinitrophenylhydrazine s tandard solution 
was prepared. A group of solutions was prepared 
for the analytical methods.

2.2.1. S tandard solution for Cyclic voltammetry 
(CV):
0.0792g of 2,4-DNPHZ powder is taken and 
transferred to a volumetric flask of 100 mL capacity 
to which is added an  to get a water: ethanol solution 
25:75 V/V solution of concentration 4mM.

2.2.2. S tandard solution for the spectrophotometry 
method:
0.0396 g of 2,4DNPHZ powder is taken and 
transferred to a 100 mL of volumetric flask containing 
24.823 mL double-dis tilled water, then 0.277 mL 
concentrated sulfuric acid and 75 mL ethanol are 
added, so its concentration is 396.0 mg L-1, then the 
s tandard series (5,10,15, 20) mg L-1 is prepared from 
it which is s tretching the chain with 0.1M sulfur acid.

2.2.3.S tandard solution for HPLC:
0.0301g of 2,4DNPHZ powder is taken and 
transferred to a 100 mL volumetric flask and 
dissolved using a solution of 20% sulfuric acid; 
its concentration is 301 mg L-1. The solution is 
left to cool down, and then the s tandard series 
(0.5-0.1; 1-5) mg L-1 is prepared in 20% sulfuric 
acid, filtered by a micro-membrane filter (0.45 μm) 
and then measured using high-performance liquid 
chromatography (HPLC). A temperature of 30℃ 
with a flow rate of 1.0 mL per 1 min was used.

2.3. Procedure and preparation of NiO-NCQD/
g-C3N4 adsorbent
An electrode was made (in the laboratory) from 
a glass tube open at both ends, then connected 
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by a copper wire and a support material. Then, a 
modified carbon pas te was prepared and placed at 
the lower end of the electrode. Modified carbon 
pas te using NiO-NCQD nano-composite (mix 
of NiO Nanoparticles (20nm) are added nitrogen 
quantum carbon dot as nanoadsorbent to get NiO-
NCQD nanocomposite), graphene–nitride carbon 
g-C3N4, graphite and paraffin oil, for a total weight 
from modified carbon pas te 0.5g, Symbolizes the 
factory electrode (NiO-NCQD/g-C3N4/MCPE), 
as in Figure 2. Nickel oxide nanoparticles 
s tudded with nitrogen quantum carbon dots 
were synthesized and characterized in previous 
work  .[39] The 2,4-dinitrophenylhydrazine was 
determined using NiO-NCQD/g-C3N4/MCPE by 
cyclic voltammetry. Also, after sample preparation, 
2,4-dinitrophenylhydrazine was measured by 
high performance liquid chromatography and 
spectrophotometry methods.

2.4.  Preparation of acid and buffer solutions
2.4.1. Preparation of sulfuric acid solution: 
The sulfuric acid solution is prepared at a 
concentration of 0.1M to get pH 1.

2.4.2.Preparation of monosodium phosphate 
buffer with H2SO4 solution:
A phosphate buffer was prepared from NaH2PO4 at 
a concentration of 0.1M, modified by a solution of 
H2SO4 (0.2 M) to get pH 1.

2.4.3.Preparation Britton–Robinson Buffer 
solution with H2SO4 solution:
Britton–Robinson Buffer solution (BRB) 
containing H3PO4 with a concentration of 0.04M, 
acetic acid CH3COOH at a concentration of 0.04M 
and boron acid H3BO3 with a concentration of 0.04 
M then modified with a solution H2SO4 with a 
concentration of 0.1M to get pH (1).

2.4.4.Preparation of monosodium phosphate 
buffer with H3PO4 solution:
A phosphate buffer was prepared from NaH2PO4 at 
a concentration of 0.1M and modified by a solution 
of H3PO4 (0.48M) to get pH 1.

2.4.5. Preparation of phosphorous acid solution: 
Phosphorous acid solution is prepared at a 
concentration of 0.48M to get pH 1.

Fig. 2. Procedure based on components of the fabrication of a NiO-NCQD/g-C3N4/MCPE
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3. Results and Discussion 
3.1. Ensure electrode manufacturing
The ferrous ions were oxidized using the prepared 
electrode (MCPE) and the glassy carbon electrode 
(GC), as shown in Figure 3. This electrode can be 
used in oxidation and reduction by comparing the 
curves. Also, electrochemis try based on carbon glassy 
electrodes was used for s tudying hydrazine and 
aldehydes [40].

3.2. Effect of the electrochemical percentage of 
the active material
 The effect of the percentage of the active material 
on the peak current was s tudied in determining 
2,4-DNPHZ, as in Figure 4. It was found that 
the bes t of them is 12% nickel oxide doped with 
quantum dots (NiO-NCQD) with 12% of carbon 
nitride sheets (C3N4), 38% of graphite powder 
(GP), and 38% of paraffin oil, as in Figure 4.

Fig. 3. Oxidation and reduction of ferrous ions using a 5mM electrode tes t solution of K4 [Fe (CN)6].3H2O
in the presence of a 0.1M KCl on GC and (NiO-NCQD/g-C3N4/MCPE)
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3.3. The Effect of pH
 The Effect of pH was s tudied from pH 1 to 8 on 
peak current for 2,4-DNPHZ, shown in Figures 5a 
and 5b. Due to the Figure, the bes t recovery was 
obtained at pH 1.0 (Because of the appearance 
of an oxidation peak next to OX≈0.5V and the 
appearance of a return peak next to R≈-0.48V). 
The peak is clearer at pH =1, as for the res t of the 
pH (8-2), the height of the peak is not clear despite 
the increase in I (P) (μA) of the current. It was also 

observed in the range pH (8-2), where there is only 
an oxidation peak (ox), but there is no reduction 
peak (Red). Notice the appearance of an oxidation 
peak next to Eox≈0.5V and a reduction peak next to 
Ered≈-0.48V. The oxidation and reduction sys tem 
is quasi-reversible because ∆E=0.98V is greater 
than 0.059.2, and Iox/Ired < 1. Moreover, it is also 
noticed that the oxidation and reduction peak 
potential increases with decreasing the pH value, 
as in Figures 5a and 5b.

Fig. 4. Effect of the percentage of electrochemical active on the peak current  for 2,4-DNPHZ

Anal. Methods Environ. Chem. J. 6 (3) (2023) 19-35
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Fig. 5b.  Effect of the pH from (1-8) on the peak of oxidation and reduction and effect of pH value
on the peak potential U (mV) by (NiO-NCQD/g-C3N4/MCPE) for 2,4-DNPHZ

Fig. 5a.  Effect of the pH from (1-8) on the peak of oxidation and reduction by (NiO-NCQD/g-C3N4/MCPE)
for 2,4-DNPHZ
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3.4. Effect of the type of acid
Several buffer and acid solutions were prepared at pH 
1: sulfuric acid solution, monosodium phosphate with 
sulfuric acid, Britton–Robinson Buffer with sulfuric 
acid, monosodium phosphate with phosphorous 

acid, and phosphorous acid solution as in Figure 6. 
Due to Figure 6, sulfuric acid with a concentration 
of 0.1M was the bes t acid for determining 
2,4-dinitrophenylhydrazine (2,4-DNPHZ) by (NiO-
NCQD/g-C3N4/MCPE) at pH=1. 

Fig. 6. Effect of the type of acid Effect on the I (μA) and Potential U(V)  for both  oxidation 
and redaction  of 2,4DNPHZ effect of the kind of acid effect of on the I (μA)  for both  oxidation 
and redaction  of 2,4DNPHZ A) H2SO4 (0.1M)  pH=1 B)  NaH2 PO4  (0.1M)   modified   by H2

SO4 (0.1M)   until pH=1  C) BRB (0.04M  for each) modified  by H2 SO4 (0.1M)  until pH=1 
D) NaH2PO4  (0.1M)  modified by H3 PO4 (0.48M)  to get   pH=1 E)  H3 PO4 (0.48M)   pH=1

Anal. Methods Environ. Chem. J. 6 (3) (2023) 19-35
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3.5. The effect of scan rate
The scan rate was s tudied within the range (10, 30, 50, 
70, 100) mv sec -1 on the peak current I(P) shown in 
Figure 7A. It also s tudied the relationship of the scan 
rate multiplied by the peak potential in terms of the peak 
current, as in Figures 7B and 7C. Due to the results, 
the bes t scan rate is 100 mv.sec-1. It was found that the 
relationship is linear between each of the oxidation and 
reduction peaks with the peak current I (P).  

3.6. Analytical Detection Limit
A s tandard series of 2.4-DNPHZ was prepared 
within the range (1, 25, 50, 75, 100, 250, 500, 
750, 1000) μM as in Figures 7D-7F; the previous 
curves were drawn in terms of the concentration of 
2,4-DNPHZ and the peak current s trength for both 
oxidation and reduction as in Figure 7. 

A
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Fig. 7. Curve the oxidation-reduction peak of 2,4-DNPHZ

It was shown from the previous Figures that the field 
of linearity upon 2.4-DNPHZ lies within the range of 
(1-1000) μM for oxidation and (100-1000) μM for 
reduction with an equation of IOX=0.1796C2,4-DNPHZ + 
86.087 for oxidation and IRed = -0.2208C2,4-DNPHZ - 129.56 
for Redaction,  with correlation coefficient R2=0.9717 
and R2=0.9914 for each of them, respectively. 
S tatis tical treatments were calculated as Tabe 1. 
Concentrations are calculated from a mathematical 
relationship (Randles-Sevcik) of Equation 1. 

3.7. Determine for 2,4-DNPHZ using 
spectrophotometry and HPLC
The 2,4-DNPHZ is analyzed based on 
spectrophotometry in Figures 8A and 8B. It was 
shown by spectral scanning that λmax= 360nm, 
a s tandard series of 2,4-DNPHZ was prepared. 
The absorbance was s tudied by concentration 

dependency, as in Figures (8A and 8B), that its 
equation is Cppm=26.1491*A+0.2686, the minimum 
concentration that can be analyzed by UV-Vis 
spectrometry is 5 mg L-1, so it was examined by 
chromatographic (HPLC) methods as well, in 
proportion to the detection limit of the proposed 
method. When determining this compound using 
high-performance liquid chromatography (HPLC), it 
was found that the retention time Rt≈1.9 min. Through 
the larges t possible area in terms of wavelength, it 
was found that the bes t two wavelengths are 340nm 
and 250nm as in Figure 8C-8E. A s tandard series of 
2,4DNDH is analyzed by HPLC within the range (5, 
1, 0.5, 0.1) mg L-1, as shown in Figure 8F. S tatis tical 
treatments were calculated for HPLC, where the 
number of measurements is three (n=3), the average 
taken Concentration x̄ = 1.262626 μM (0.25g L-1). 
The electrochemical method (NiO-NCQD/g-C3N4/ 

A) Effect of Scan rate on the peak current
B) Scan rate (mv/s) vs I(μA)
C) root effect of vs I(μA)
D) effect of concentration on peak current (100 -250 - 500 –750- 1000)μM
E) effect of concentration on peak current (1-25-50-75) μM
F) Curve concentration vs I (μA)
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A) absorbance vs wavelength, 
B) absorbance vs concentration (5, 10, 15, 20) mg L-1

C) wavelength (nm) vs. area by HPLC using a photodiode-array detector.
D) Using a photodiode-array detector, a chromatogram at a concentration of 5 mg L-1 at 340 nm.
E) chromatogram at a concentration of 5 mg L-1 at 254 nm
F) A s tandard series within the range (5-1-0.5-0.1) mg L-1 vs area.

Fig. 8. Curve for 2,4-DNPHZ by High-performance liquid chromatography
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MCPE) by (CV) of determining this pollutant is 
the bes t of the Spectrophotometry method. So, the 
electrochemical and chromatographic method is 
compared in Table 1.
The method proposed in this research (NiO-NCQD/
g-C3N4/MCPE)  is characterized by accuracy, 
reliability and good repeatability in Table 1. The 
results showed that the technique has a deviation of 
(0.02624747 μM), a relative s tandard deviation of 
a percent (2.08278875%), a quantitative detection 
limit (0.564097738 μM) and a detection limit 
(0.43843 μM). The value of the t-s tudent was 
calculated (0.67361). So, the proposed method is 
characterized by reliability.
It turned out that the analysis using (HPLC) 
for analyzing the pollutant (2,4-DNDH) is 
characterized by analytical accuracy and validity. 
The results of the HPLC method were compared 
with (NiO-NCQD/g-C3N4/ MCPE) for the organic 
pollutant (2,4-DNDH). The value F_Tes t (3.819345) 
compared with the reference value F_Tab (19.000) 
at a confidence level of 95%. Comparing proposed 
methods based on the NiO-NCQD/g-C3N4/ MCPE 
with HPLC technique showed no significant 
difference between the two methods for determining 
(2,4-DNDH) in terms of accuracy.

4. Conclusions  
In this s tudy, the manufacture of an electrode using 
modified carbon pas te (NiO-NCQD/g-C3N4/MCPE) 
was used to determine 2,4-dinitrophenylhydrazine 
(2,4-DNPHZ) by the cyclic voltammetry (CV).  
The modified carbon pas te method was compared 
with high-performance liquid spectrophotometry 
(HPLC) and chromatography (UV-Vis). It turned 
out that  the electrochemical method (NiO-NCQD/

g-C3N4/MCPE) is superior to the spectrophotometry 
method in terms of detection limit (LOD). Also, 
there is no significant difference in accuracy between 
the HPLC method and NiO-NCQD/g-C3N4/
MCPE method.   The electrochemical method is a 
new analytical method characterized by accuracy, 
repeatability, and reliability with low cos t.
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