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In recent years, the fabrication of hydrazine sensors has received extensive attention because of the toxicity
of hydrazine to the environment and human beings. It is thus important to design and develop efficient
electrode modifiers for the construction of hydrazine electrochemical sensors. Herein, we reported the
benign synthesis of a silver (Ag)-doped zinc-based zeolitic imidazolate framework (ZIF-8). The
synthesized Ag@ZIF-8 was characterized by various advanced physiochemical characterization methods,
including X-ray diffraction (XRD), scanning electron microscopy (SEM), and energy dispersive X-ray

spectroscopy (EDX). A screen-printed electrode (SPE) was modified with the prepared Ag@ZIF-8. The
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Accepted 13th December 2024 cyclic voltammetry (CV) and linear sweep voltammetry (LSV) methods were used for assessing its sensing

towards hydrazine. The obtained results showed a reasonable detection limit (0.1 pM), sensitivity (1.98 pA

DOI: 10.1039/d4ra07849g uM cm™), stability, selectivity, and repeatability using Ag@ZIF-8/SPE as a hydrazine sensor. The real-
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1. Introduction

Hydrazine is a strong reducing agent and has been widely used
in various applications, such as rocket fuel propellants, fuel
cells, and herbicides.** The by-products of hydrazine are also
used as intermediates or chemical blowing agents in pharma-
ceutical industries.*® Even though hydrazine offers several
advantageous properties for its use in various applications and
industries, its carcinogenic nature is one of the major
concerns.”” Hydrazine has negative impacts on human beings
owing to its instability and hypertoxicity.® Hydrazine may cause
serious damage to human health, such as nausea, dizziness,
bronchitis, seizures, temporary blindness, headache, eye irri-
tation, dermatitis, liver, kidney disease, and central nervous
system issues.”*" Thus, there is a need for the precise and
selective determination of hydrazine."* In this context, various
conventional methods, such as titrimetry, coulometry,

“Department of Chemistry, Indian Institute of Technology Indore, Simrol, Khandwa
Road, MP, 453552, India

School of Mechanical Engineering, Yeungnam University, Gyeongsan 38541, Republic
of Korea

School of Materials Science and Engineering, Yeungnam University, Gyeongsan 38541,
Republic of Korea. E-mail: khursheed.energy@gmail.com

‘Department of Materials Science and Engineering, WW4-LKO, University of
ErlangenNuremberg, Martensstrasse 7, 91058 Erlangen, Germany

‘Department of Chemistry, College of Science, King Saud University, Riyadh, 11451,
Kingdom of Saudi Arabia

t Electronic  supplementary  information
https://doi.org/10.1039/d4ra07849g

i Equal contribution.

(ESI) available. See DOI:

© 2025 The Author(s). Published by the Royal Society of Chemistry

sample investigations demonstrated recovery rates of 96-97%.

amperometry, potentiometry, spectrophotometry, and chro-
matography, have been developed for the monitoring of
hydrazine."*'® Although, these conventional approaches can be
used as sensing platforms for monitoring the accurate level of
hydrazine, they typically suffer from various disadvantages,
such as being time consuming, needing a sophisticated room
for the instruments, high cost of the instruments, and the need
for well-trained operators.' Thus, a low cost, sensitive, selective,
and environmentally friendly method is required for the
monitoring of hydrazine. In this regard, electrochemical
methods have been developed for the determination of hydra-
zine and various toxic molecules. Electrochemical methods
have received extensive attention because of their excellent
sensitivity, selectivity, portability, eco-friendliness, cost-
effectiveness, and fast response.'*>*

In previous years, electrochemical sensing techniques have
been considered as one of the efficient approaches for the
determination of various molecules.’®** Electrode materials
play a crucial role in electrochemical sensing technology.”®
Chemically modified electrodes are used as the working elec-
trode, in which nanomaterials, polymers, and metal-organic
frameworks (MOFs) are widely used as the electrode
materials.>**® MOFs possess a high surface area and porosity,
which are beneficial for better electron-transport reactions.>>°
In particular, zeolite imidazolate framework (ZIF) materials are
a subgroup of MOFs in which four coordinated transition
metals are interconnected with imidazolate units.*** ZIF
materials have been used in gas adsorption, molecular separa-
tion, catalysis, and chemical sensing.*** ZIF-8 is a zinc-based
material in which Zn>" cations are connected via bridging 2-
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methylimidazole anions and form a three-dimensional (3D)
structure.** The reported literature suggests that the sensing
performance of ZIF-8 can be further improved by doping with
transition metal ions.* In this regard, Huang et al.** reported
the fabrication of nitrogen-doped ZIF-8 for the sensing of
cadmium. In another report, Fatima et al®® synthesized
tellurium-doped ZIF-8 for the sensing of hydrogen peroxide.
Thus, it can be understood that doping may enhance the cata-
lytic properties of ZIF-8 for electrochemical sensing applica-
tions. Silver (Ag) has excellent catalytic and conductive
properties, and stability.*”** Ag-anchored ZIF-8 may show better
synergistic interactions and catalytic behavior for the determi-
nation of hydrazine.

In the present study, we synthesized Ag@ZIF-8 by employing
simple strategies optimized in our research group. Subse-
quently, a screen-printed carbon electrode (SPE) was modified
using Ag@ZIF-8 as a catalyst. This modified electrode, referred
to as Ag@ZIF-8/SPE, was then utilized as a sensor for detecting
hydrazine. Our detection methodology involved employing
cyclic voltammetry (CV) and linear sweep voltammetry (LSV) for
the accurate and reliable quantification of hydrazine.

2. Materials and methods

2.1. Materials

Zinc nitrate hexahydrate (Zn(NOj;),-6H,0; reagent grade, 98%),
silver nitrate (ACS reagent, =99.0%), and 2-methylimidazole (2-
MIM; 99%) were bought from Merck. Methanol and ethanol
were purchased from Sigma. Hydrazine, glucose, hydrogen
peroxide (H,0,; 30% (w/w) in H,0), ascorbic acid (99%), para-
nitrophenol (=99%), uric acid (=99%), urea (ACS reagent,
99.0%), citric acid (=99.5%), and ammonia were bought from
Sigma-Aldrich and Merck. All the materials were of analytical
grade and used without any further purification.

2.2. Instrumental

The X-ray powder diffraction patterns of the prepared samples
were collected on a Bruker D8 advance diffractometer (Cu Ko
radiation) within the 2theta range of 5-80°. The morphological
features, such as SEM images of the prepared samples, were
collected on a Hitachi, S-4800 scanning electrode microscope.
The elemental composition study (energy dispersive X-ray
spectroscopic; EDX) was performed on a Horiba instrument.
The X-ray photoelectron spectroscopy (XPS) data were obtained
on a Thermo Fischer-Scientific instrument. The sensing exper-
iments, such as cyclic voltammetry (CV) and LSV, were per-
formed using an electrode system (CH instrument). The three-
electrode system comprised a working electrode (SPE), refer-
ence electrode (Ag/AgCl), and counter electrode (Pt wire).
Phosphate buffer saline solution (PBS) of pH 7.0 was used for all
the electrochemical measurements.

2.3. Synthesis of Ag@ZIF-8

ZIF-8 and Ag@ZIF-8 were synthesized at room temperature (RT).
In brief, 1.2 g zinc nitrate hexahydrate was dissolved in 75 mL
methanol. Next, 2.6 g of 2-methylimidazole (2-MIM) was
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Scheme 1 Schematic for the fabrication of Ag@ZIF-8/SPE for hydra-
zine sensing.

dissolved in another beaker containing 75 mL methanol. Both
the prepared solutions were carefully and slowly mixed with
continuous stirring at RT for 120 min. A white-colored precip-
itate was obtained by filtration of the reaction solution and
dried at 60-70 °C overnight. The prepared sample was labeled
as ZIF-8.

For the synthesis of Ag@ZIF-8, 0.1 g of silver nitrate was
added to 25 mL methanol and stirred at RT to completely
dissolve the silver nitrate. Further, 0.5 g of the as-prepared ZIF-8
was dispersed into the silver nitrate solution and stirred for
60 min under a halogen lamp. The prepared sample (Ag@ZIF-8)
was separated using the centrifugation method and washed
with ethanol to remove the adsorbed residual impurities. The
Ag@ZIF-8 was dried at 60 °C overnight in a vacuum oven.

2.4. Fabrication of the SPE

The SPE surface was coated with the as-prepared ZIF-8 or
Ag@ZIF-8 catalyst by a drop-casting method. Typically, 1.5 mg
of the catalyst (ZIF-8 or Ag@ZIF-8) was dispersed in 2 mL
deionized (DI) water (0.5 wt% Nafion as binder) using ultra-
sonication for 30 min. The prepared ink (7 pL) was drop-cast on
the surface of the SPE and dried at RT for 180 min (Scheme 1).
The ZIF-8- and Ag@ZIF-8-modified electrodes were labeled as
ZIF-8/SPE and Ag@ZIF-8/SPE, respectively.

3. Results and discussion

3.1. Materials characterizations

Powder X-ray diffraction (PXRD) is one of the most significant
physiochemical techniques to study the phase purity, crystal-
linity, and structure of materials. The PXRD pattern of the
prepared ZIF-8 and Ag@ZIF-8 were recorded in the two-theta
range of 5-80°. Fig. 1a presents the obtained PXRD patterns
of the ZIF-8 and Ag@ZIF-8 samples. ZIF-8 exhibited the pres-
ence of various diffraction peaks, which were well-matched with
the calculated PXRD pattern of the ZIF-8, as shown in Fig. 1a.
The major diffraction peaks at 2theta values of 7.32°, 10.40°,
12.69°, 14.68°, 16.40°, 18.14°, 24.44°, 26.61°, and 29.58° could
be indexed to the presence of (011), (002), (112), (022), (013),
(222), (114), (134), and (044) diffraction planes, respectively.
This obtained data confirmed the formation of ZIF-8, while
strong diffraction peaks revealed the decent crystalline nature
of the prepared ZIF-8. The XRD pattern of the ZIF-8 was in
agreement with the previous reported literature.*®

© 2025 The Author(s). Published by the Royal Society of Chemistry
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In the prepared Ag@ZIF-8 sample, diffraction planes of
(011), (002), (112), (022), (013), (222), (114), (134), and (044) were
observed, which were attributed to the presence of ZIF material
in the synthesized Ag@ZIF-8. However, no peak for Ag was
observed. This may be due to the presence of only a low
concentration of the Ag in the prepared Ag@ZIF-8 sample.
Ag@ZIF-8 also possessed a crystalline nature with strong
diffraction peaks and high intensity. The obtained XRD results
were in good agreement with previously reported literature.*
The surface structure of materials plays a crucial role in electron
transportation, and catalysis. Thus, evaluation of the surface
structural properties of the as-synthesized ZIF-8 and Ag@ZIF-8
is of great significance. In this regard, the surface morpholog-
ical characteristics of the prepared ZIF-8 and Ag@ZIF-8 were
checked using a SEM method. Fig. 1b and c display the FE-SEM
images of the prepared ZIF-8, which revealed that ZIF-8
comprised a uniform rhombic dodecahedral structure with
particle sizes of less than 1 pm with a distinct crystal surface.
Fig. 1d and e present the FE-SEM pictures of Ag@ZIF-8. It could
be observed from the obtained SEM images that Ag-doping
affected the morphological features of the Ag@ZIF-8 sample.
Agglomeration could be seen in the prepared Ag@ZIF-8 sample,
which may be due to the Ag-doping.

The PXRD and SEM data of ZIF-8 and Ag@ZIF-8 revealed
their good phase purity, crystallinity and surface structural
characteristics, but the presence of Ag in the prepared Ag@ZIF-8
could not be confirmed. Therefore, this required further anal-
ysis to authenticate the successful Ag-doping in the prepared
Ag@ZIF-8 sample. Therefore, EDX was performed and the
spectra of ZIF-8 and Ag@ZIF-8 were recorded and are shown in
Fig. 2a. Fig. 2a exhibits the presence of EDX signals for C, N, Zn,
and O elements in the ZIF-8 sample. This showed that ZIF-8 has
decent phase purity. Similarly, the EDX spectrum of the
prepared Ag@ZIF-8 showed the presence of C, N, Zn, Ag, and O
elements. This confirmed that Ag was present in the prepared
Ag@ZIF-8 sample, as shown in Fig. 2. Additionally, elemental
mapping was utilized to visualize the distribution of Ag in ZIF-8,
as depicted in Fig. 2b-g. The EDX mapping results for the
prepared Ag@ZIF-8 sample are shown in Fig. 2b-g. The EDX
mapping results indicated the uniform particle distribution of

© 2025 The Author(s). Published by the Royal Society of Chemistry
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(@) XRD patterns of ZIF-8 and Ag@ZIF-8. FE-SEM images of ZIF-8 (b and c) and Ag@ZIF-8 (d and e) at different magnifications.

Zn, Ag, N, O, and C elements, as shown in Fig. 2c-g, respectively.
The EDX results suggested the incorporation of Ag in the
prepared Ag@ZIF-8 sample. The outcomes of elemental
mapping provide further confirmation, distinctly indicating the
presence of Ag in Ag@ZIF-8 sample. This visualization
strengthens the evidence of successful Ag loading in Ag@ZIF-8,
corroborating the findings from the elemental analysis.

In further investigations, we also used XPS to further confirm
the presence of Ag in the prepared Ag@ZIF-8 sample. The
recorded XPS survey scan of the prepared Ag@ZIF-8 sample is
displayed in Fig. S1a.f The survey spectrum revealed the pres-
ence of C, N, Ag, Zn, and O elements. Thus, it can be clearly
understood that Ag was introduced in to the ZIF-8. The high-
resolution XPS scan of Zn 2p is shown in Fig. S1b,{ while that
for Ag 3d is presented in Fig. Sic.t The Zn 2p demonstrated the
presence of two XPS peaks, which corresponded to the presence
of Zn 2p,,, and Zn 2p;),, respectively (Fig. S1bt). Two XPS peaks
were also observed in the Ag 3d spectrum, which could be
assigned to the presence of Ag 3d;/, and Ag 3ds,,, respectively
(Fig. Sict). The above results confirmed the formation of
Ag@ZIF-8.

3.2. Hydrazine sensor

Hydrazine can be effectively detected by using electrochemical
sensing technology, which may involve the electro-oxidation of
hydrazine. We adopted a three-electrode setup to determine
hydrazine using cyclic voltammetry (CV). The CV curves of the
SPE, ZIF-8/SPE, and Ag@ZIF-8/SPE were thus obtained for 0.5
uM hydrazine (prepared in 0.1 M PBS of pH 7.0) at an applied
scan rate of 25 mV s~'. The observations showed the electro-
oxidation of hydrazine at the surface of the SPE with a current
response of 1.7 pA, as shown in Fig. 3a. The CV data of the ZIF-8/
SPE showed some improvements in the electro-oxidation of
hydrazine. Thus, an enhanced current value of 2.34 pA was
observed for the electro-oxidation of hydrazine at the surface of
ZIF-8/SPE. Furthermore, significant changes in the current
response of Ag@ZIF-8/SPE were observed and an interesting
current response of 3.41 pA was obtained for the electro-
chemical oxidation of hydrazine. This may be attributed to the
excellent electrocatalytic properties of the Ag@ZIF-8 catalyst.

RSC Adv, 2025, 15, 3089-3097 | 3091
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Fig.2 (a) EDX spectra of ZIF-8 and Ag@ZIF-8. EDX electron image (b
Ag@ZIF-8.

The above discussion mentions that Ag@ZIF-8/SPE had
higher electrocatalytic properties compared to the SPE or ZIF-8/
SPE. This indicates that the introduction of Ag further
enhanced the catalytic properties of Ag@ZIF-8. The CV
responses of the SPE and Ag@ZIF-8/SPE were also studied in the
presence of 0.1 M PBS of pH 7.0 at a scan rate of 25 mV s~ *. The
obtained results are shown in Fig. S2.7 It was observed that no
electro-oxidation peak was present in the obtained CV
responses, which was due to the absence of hydrazine. In
addition, the Ag@ZIF-8/SPE exhibited better catalytic behavior
compared to the SPE (Fig. S2t). Thus, we adopted the Ag@ZIF-8-
modified SPE as a working electrode for the further hydrazine
sensing experiments and studies. The pH of the buffer solution
also has significant effects and thus we further obtained CV
responses of the Ag@ZIF-8/SPE for 0.5 uM hydrazine in 0.1 M
PBS of different pH (3.0, 5.0, 7.0, 9.0, and 11.0). The obtained
results are summarized in Fig. S3a.t It can be seen that Ag@ZIF-
8/SPE had higher electrocatalytic activity in 0.1 M PBS of pH 7.0
(Fig. S3bt). It is expected that the electron-transfer kinetics
would be better at pH 7.0 compared to the other pH levels.
Moreover, hydrazine was more stable at neutral pH. Thus, it is

3092 | RSC Adv, 2025, 15, 3089-3097

), and mapping images for Zn (c), Ag (d), N (e), O (f), and C (g) in the prepared

also possible that the maximum amount of hydrazine takes part
in the electrochemical reactions. Thus, an improved current
response was observed at pH 7.0. Therefore, 0.1 M PBS of pH 7.0
was used for all the electrochemical studies.

Since the applied potential scan rate may have significant
effects on the electrocatalytic behavior and properties of
hydrazine sensors, it would be of great importance to study the
effects of the different applied potential scan rates on the
electrochemical properties of the Ag@ZIF-8/SPE. The CV curves
of the Ag@ZIF-8/SPE were recorded for 0.5 pM hydrazine in
0.1 M PBS (pH 7.0) at different applied scan rates of 25-550 mV
s~ . The recorded CVs of the Ag@ZIF-8/SPE at different scan
rates are summarized in Fig. 3b. It can be clearly noted that the
current response value for the electro-oxidation of hydrazine
increased with respect to the applied scan rate. The current
response versus the square root of the applied scan rate curve is
presented in Fig. 3c. A regression coefficient (R) value of 0.99
was observed, which suggested that the current response line-
arly increased with increasing the applied scan rate. In addition,
the above results suggested that the electro-oxidation of
hydrazine may involve a diffusion-controlled process.

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 3 (a) CV curves of the SPE, ZIF-8/SPE, and Ag@ZIF-8/SPE in the presence of 0.5 uM hydrazine (0.1 M PBS, pH = 7.0) under an applied

potential scan rate of 25 mV s™* (b) CV curves of the Ag@ZIF-8/SPE for 0.5 uM hydrazine in 0.1 M PBS (pH = 7.0) at different applied scan rates of
25-550 mV s~ (c) Calibration plot between the electro-oxidation current peak value and square root of the applied scan rates.

In further studies, we adopted the LSV method for the
determination of hydrazine. The LSVs of the SPE, ZIF-8/SPE,
and Ag@ZIF-8/SPE were recorded in 0.5 puM hydrazine
(prepared in 0.1 M PBS of pH 7.0, scan rate = 25 mV s~ ).

It was observed that the electro-oxidation of hydrazine at the
surface of SPE exhibited a current response of 3.01 pA, as shown
in Fig. 4a. The LSV data of the ZIF-8/SPE also showed some
improvements in the electro-oxidation of hydrazine. An
improved current response of 5.69 pA was observed for the
electro-oxidation of hydrazine at the surface of ZIF-8/SPE
whereas a significantly improved current response of 7.23 pA
was obtained for Ag@ZIF-8/SPE towards the determination of
hydrazine. The concentration of hydrazine may play a vital role
and it may affect the electrochemical performance of the
Ag@ZIF-8/SPE. In this regard, the LSV responses of the Ag@ZIF-
8/SPE were recorded for various concentrations of hydrazine.
However, the applied potential scan rate was fixed at 25 mV s~ .
The obtained LSVs of the Ag@ZIF-8/SPE for various concentra-
tions of hydrazine are shown in Fig. 4b. The electro-oxidation
current response of the Ag@ZIF-8/SPE was increased when the
concentration of hydrazine increased. Thus, it is clear that the
current response for the electro-oxidation of hydrazine was
directly proportional to the concentration of the hydrazine. The
current response versus concentration of hydrazine plot is pre-
sented in Fig. 4c, in which the calibration curve suggested that
the current response linearly increased (R* = 0.99).

© 2025 The Author(s). Published by the Royal Society of Chemistry

Achieving a high selectivity of electrochemical sensors is
highly challenging but is a desirable feature for their practical
applications. Thus, the selectivity of the Ag@ZIF-8/SPE should
be carefully analyzed. In this regard, first, we obtained the LSV
curve of the Ag@ZIF-8/SPE in the presence of 0.5 uM hydrazine
(scan rate = 25 mV s '). The obtained results are shown in
Fig. 5. Furthermore, a mixture of interfering substances
(glucose, hydrogen peroxide, ascorbic acid, para-nitrophenol,
Cl™, Na', uric acid, urea, citric acid, and ammonia) was spiked
in 0.5 uM hydrazine and LSV curves were recorded. The spike
amount of interfering species was around five times higher (2.5
uM). The obtained LSV graph of the Ag@ZIF-8/SPE for 0.5 uM
hydrazine + 2.5 uM interferences is shown in Fig. 5. It can be
seen that there was negligible change in the current variation.
This indicated that Ag@ZIF-8/SPE was selective for the detec-
tion of hydrazine. Thus, it can be stated that Ag@ZIF-8/SPE
possesses good anti-interfering properties and is selective for
the sensing of hydrazine.

The sensor reproducibility was checked by modifying 5 SPEs
with Ag@ZIF-8 under similar conditions, and the obtained LSV
current responses are summarized in Fig. S4a. The obtained
results suggested a decent reproducibility with only a slight
change in the current response with a relative stand deviation
(r.sd.) of 2.17%. The repeatability of the Ag@ZIF-8/SPE was also
checked by employing the LSV method for 50 consecutive
cycles. Fig. S4bt shows the good repeatability for 50 cycles with

RSC Adv, 2025, 15, 3089-3097 | 3093
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uM hydrazine + 2.5 uM interferences (glucose, hydrogen peroxide,
ascorbic acid, para-nitrophenol, Cl~, Na™, uric acid, urea, citric acid,

and ammonia) at a scan rate of 25 mV s %,
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anr.s.d. of 3.78%. The storage stability was also studied and the
observations revealed that Ag@ZIF-8/SPE had good storage
stability of 30 days with an r.s.d. of 3.97%. (Fig. S4ct).
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Electrochemical detection via the Ag@ZIF-8/SPE surface may
involve a two-step electro-oxidation process. The probable
mechanism can be described below,>®

N,H, + H,O — N,H; + H;0" + ¢~ (slow rate-determine step)
1)
N,H; + 3H,0 — N, + 3H30" + 3e™ (fast) (2)

N,H, + 4H,0 — N, + 4H30" + 4e™ (overall reaction)  (3)

The electrochemical oxidation of hydrazine may generate
nitrogen as a product. The probable mechanism has been
described as per the previous studies.

The limit of detection, i.e., LoD, of the Ag@ZIF-8/SPE was
calculated by employing the formula given below,

LoD =3 x d/S, (4)

where ¢ is the standard error and Sj, is the slope of the electrode.
The sensitivity of the Ag@ZIF-8/SPE was determined using
the equation below,

Sensitivity = slope of the electrode/
working area of the electrode (5)

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Table 1 Comparison of the LoD of the Ag@ZIF-8/SPE with published studies*®—>*

Sensor LoD (uM) Linear range (uM) Sensitivity Technique Ref.
Ag@ZIF-8/SPE 0.1 0.5 to 50 1.98 pA pM ! em ™2 LSV This study
Au/Ti 0.042 mM — 1117 mAcem > mM ! cv 40
Pd/CNF-GCE 2.9 10 to 4000 8.69 mA mM ! DPV 41
CoOOH nanosheet electrode 20 0to 1.2 mM 99 A mM ' em 2 Amperometry 42
Acetylferrocene-modified 2.7 x107°M 3.09 x 107° to — cv 43
carbon paste electrode 1.03 x 10> M
PVP-AgNCs/GCE 1.1 0.005 to 0.46 mM — Amperometry 44
ZnO 2.1 3 to 120 15.86 A mM Amperometry 45
WO, 144 100 to 1000 0.18,471 pA pM ™' cm? CV/Amperometry 46
Manganese oxide 2.06 30 UM to 2.83 mM 109.55 pA mM " em > CV/Amperometry 47
Iron oxide 5 0.1 to 5.5 mM 7.16 pA mM ' ecm > Amperometry 48
Zirconium dioxide 0.014 2.5 x 10" % to — Chronoamperometry/SWV 49
5.0 x 10 > M
NiCoSe, NNA/NF 0.5 — 16170 pAmM ' cm > Amperometry 50
ChAc/ZnO NS/Au 0.4 500-9300 uM 2.66 pA pM ! LSV 51
CuO NSs/CAB/GCE 0.15 0.5 to 100 uM — LSV 52
Ag/L-CPE 1.5 0.01-4 mM 103.13 pA mM " Amperometry 53
Pd-Cu-SBA-16/CPE 16 1.79 to 121.86 mM — Amperometry 54

Previous years have witnessed various reports on the devel-
opment of electrode materials for the sensing of hydrazine. In this
context, Li et al.* reported the construction of a hydrazine sensor
by employing a gold (Au) nanoparticle-modified titanium (Ti)
electrode. Zhang et al* fabricated palladium NPs-modified
carbon nanofibers for the sensing of hydrazine. In another
report, Lee et al.*> used novel strategies for the determination of
hydrazine using a CoOOH nanosheet-based electrode for hydra-
zine sensing. In other works, an acetylferrocene-modified carbon
paste electrode,” PVP-modified silver nanocubes/GCE,* ZnO,*
tungsten oxide (WOs)," manganese dioxide,*” iron oxide,* zirco-
nium dioxide,* NiCoSe, nanoneedle arrays on nickel foam
(NiCoSe, NNA/NF),” choline acetate-modified hexagonal ZnO
nanostructure (ChAc/ZnO NS),* CuO nanosheets/cellulose,*
silver-doped zeolite L nanoparticles,”® and Pd-Cu-SBA-16/CPE**
were explored as hydrazine sensors. The performance of the re-
ported sensors and that of the sensor in the present study
(Ag@ZIF-8/SPE) are summarized in Table 1.

Real-sample investigations were also carried out using the
LSV technique. The standard spike addition method was
adopted for the real-sample investigations. The performance of
the Ag@ZIF-8/SPE was checked in tap water. Tap water was used
as the control and different amounts (0, 0.5, and 1.0 uM) of
hydrazine were spiked and their performance was determined
using LSV. The obtained results are summarized in Table 2. The
observations suggested the good performance of the Ag@ZIF-8/
SPE for real-sample investigations.

Table 2 Recovery of hydrazine in water samples using the standard
spike addition method

Tap water Added (uM) Found (uM) Recovery (%)
Hydrazine 0 0 0

0.5 0.48 96

1.0 0.97 97

© 2025 The Author(s). Published by the Royal Society of Chemistry

4. Conclusions

In conclusion, we synthesized Ag@ZIF-8 via a simple synthetic
approach. The synthesized Ag@ZIF-8 was characterized by XRD
and SEM methods, while the presence of Ag was checked by the
EDX approach. Furthermore, the SPE surface was coated with
the synthesized Ag@ZIF-8 catalyst. The modified SPE (Ag@ZIF-
8/SPE) was introduced and assessed as a hydrazine sensor. The
Ag@ZIF-8/SPE exhibited a good detection limit and selectivity
with reasonable sensitivity. The Ag@ZIF-8/SPE also demon-
strated good stability and repeatability. This work proposes the
synthesis of Ag@ZIF-8 as a catalyst and the fabrication of
a simple and eco-friendly hydrazine sensor.
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