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ABSTRACT ARTICLE HISTORY

In this work, we report on the synthesis and applications of a new Received 16 January 2018
cobalt tetrakis 4-((4-ethynylbenzyl) oxy) phthalocyanine (3) for the Accepted 4 April 2018
detection of hydrazine. The glassy carbon electrode (GCE) was first
grafted through diazotization, providing the GCE surface layer with Click reaction; cobalt
azide groups. Thereafter, the 1,3-dipolar cycloaddition reaction, phthalocyanine; hydrazine;
catalyzed by a copper(l) catalyst was used to “click” complex 3 to the electrocatalysis

grafted surface of GCE. The new platform was then characterized

using cyclic voltammetry (CV), scanning electron microscopy (SEM),

and X-ray photoelectron spectroscopy (XPS). This work shows that

3 is an effective sensor with sensitivity of 91.5 uA mM~" and limit of

detection of 3.28 uM which is a great improvement compared to other

reported sensors for this analyte.
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1. Introduction

Metallophthalocyanines (MPcs) exhibit good electrocatalytic activity [1-4] due to accessi-
bility of a range of oxidation states on the ring and some central metals [5]. The central metals
that show electrocatalytic behavior include Co, Ni, Fe, and Mn [6-8]. MPcs have been
employed as electrocatalysts for many analytes including hydrazine [8], which is of interest
in this work.

Electrode modification using MPcs substituted with alkynyl groups has been reported
[9-13]; however, in the reported work, the terminal alkyne was separated from the Pc ring
by aliphatic chains. To the best of our knowledge, the current work is the first report of the
use a substituent that has aromatic group together with aliphatic terminal alkyne group in
click chemistry reaction on the electrode for analyte detection. The MPc used in this work is
cobalt tetrakis 4-((4-ethynylbenzyl) oxy) phthalocyanine (3). This complex is substituted with
four ethynylbenzyl groups which may improve the redox property of Pcs due to the presence
of electron rich benzene groups when compared to the reported alkyne-terminated MPc
containing aliphatic chains [10, 13] (4 and 5 in Scheme 1).

The azide-functionalized electrode can then be “clicked” to the alkynyl substituted com-
plex 3 through a Sharpless copper(l) catalyzed azide-alkyne cycloaddition (CUAAC) reaction
resulting in a 1,2,3-triazole ring [14], the so called “click chemistry”. The clicking will be
preceded by electrografting of azido aniline via diazotisation [15], which results in a glassy
carbon electrode (GCE) being chemically modified with azide bearing molecules. CoPc deriv-
atives are employed since they are well known electrocatalysts for many analytes including
hydrazine [8].

Hydrazine is used as a test analyte since it is a starting material for many products such
as for pesticides, polymers, and pharmaceuticals [16, 17], hence its concentration levels in
water must be monitored.

2. Experimental
2.1. Materials

Tetrabutylammonium tetrafluoroborate (TBABF,), 4-azidoaniline hydrochloride, bromo tris
(triphenylphosphine) copper(l) (Cu(PPh,),Br), 1,8-diazobicyclo [5.4.0] undec-7-ene (DBU),
hydrazine, trimethylamine, cobalt chloride, and 4-ethynylbenzyl alcohol were from Sigma-
Aldrich. Dimethylformamide (DMF), acetonitrile (ACN), and acetone were purchased from
Merck. Millipore water was obtained from Milli-Q Water Systems (Millipore Corp. Bedford, MA,
USA). 4-Azidobenzenediazonium tetrafluoroborate was synthesized from 4-azidoaniline hydro-
chloride in situ as reported [18]. 4-Nitrophthalonitrile (1) was synthesized as reported [19].

2.2, Equipment

Ultraviolet-Visible (UV-Vis) absorption spectra were recorded using a Shimadzu UV-2250
spectrophotometer. Scanning electron microscopy (SEM) images of modified glassy carbon
plates (Goodfellow, UK, 1 x 1 cm and 2 mm thick) were obtained using a TESCAN Vega TS
5136 LM electron microscope. Infrared (IR) spectra were recorded on a Bruker Alpha IR (100
FT-IR) spectrophotometer. Elemental analysis was done using a Vario-Elementar Microcubes
ELIII, while mass spectral data were collected on a Bruker AutoFLEX Il Smart-beam TOF/TOF
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Scheme 1. Synthetic route for cobalt tetrakis 4-((4-ethynylbenzyl) oxy) phthalocyanine (3). The structures
of complexes 4 and 5 are also shown together with references.

mass spectrophotometer using a-cyano-4-hydrocinnamic acid as the matrix in the positive
ion mode.

X-ray photoelectron spectroscopy (XPS) analysis was done using an AXIS Ultra DLD, with
Al (monochromatic) anode equipped with a charge neutraliser, supplied by Kratos Analytical
as described [5]. The center used for the scans was at 520 eV with a width of 1205 eV, steps
at 1 eV and dwell time at 100 ms. The high-resolution scans were acquired using 80 eV pass
energy in slot mode. Curve fitting was performed using a Gaussian-Lorentzian peak shape
after performing a linear background correction.



1626 L.S.MPETAETAL.

All electrochemical experiments (cyclic voltammetry (CV), differential pulse voltammetry
(DPV) and chronoamperometry) were performed using Autolab potentiostat PGSTAT 302
electrochemical work station (driven by GPES software version 4.9).

2.3. Synthesis

2.3.1. 4-((4-Ethynylbenzyl) oxy) phthalonitrile (2), Scheme 1

4-Ethynylbenzyl alcohol (0.77 g, 5.85 mmol) and 4-nitrophthalonitrile (1) (1.10 g, 6.36 mmol)
were dissolved in dry DMF under argon. The mixture was stirred for 15 min and then ground
anhydrous potassium carbonate (0.52 g, 3.77 mmol) was added. More potassium carbonate
(0.57 g, 4.40 mmol) was added after 12 h of stirring at room temperature. The mixture was
stirred for a further 60 h, then it was poured into ice. The brownish product was collected
by vacuum filtration and rinsed with ethanol. Yield: 0.53 g (35%). IR (cm~"): 3272 (C-H, alkyne),
3090 (C-H), 1622 (C=C), 2236 (N=C). Anal. Calcd: C 79.06%, H 3.90%, N 10.85%. Found: C
78.54%, H 3.25%, N 10.13%. 'H NMR (600 MHz, CDCl,) 6 8.67 (d, J = 38.5 Hz, 2H, Ar-H), 8.12
(s, TH, Ar-H), 7.75 (d, J= 8.5 Hz, TH, Ar-H), 7.56 (d, J = 7.1 Hz, 2H, Ar-H), 7.37 (d, /= 21.5 Hz,
1H, Ar-H), 5.18 (s, 2H, CH, proton), 3.15 (s, 1H, alkyne-terminated proton).

2.3.2. Cobalt tetrakis 4-((4-ethynylbenzyl) oxy) phthalocyanine (3), Scheme 1
Complex 3 was prepared by dissolving 2 (0.35 g, 2.00 mmol), cobalt chloride (0.23 g,
1.80 mmol) and DBU in 1-pentanol followed by heating at 135 °C under argon for 12 h.The
mixture was then allowed to cool, and methanol was added to precipitate the product, which
was further collected by centrifugation. The complex was purified by column chromatog-
raphy over silica gel using chloroform as eluent. Chloroform was removed using a rotary
evaporator under reduced pressure at 85 °C.

Yield: 0.2421 g (22%). IR (cm~"): 3275 (C-H, alkyne), 3090 (C-H), 1622 (C=C), UV/Vis (DMF),
A e NM (log €): 668 (4.92), 604 (3.29), 340 (3.49). Anal. Calcd: C 74.79%, H 3.69%, N 10.26%.
Found: C 74.60%, H 3.53%, N 10.22%. MALDI-TOF-MS (m/z): found = 1091.11; Cald = 1091.23
[M]*.

2.4. Electrode modification via click reaction, Scheme 2

Athree electrode electrochemical cell consisting of Ag|AgCl (3 M KCl) as reference electrode,
a glassy carbon electrode (GCE) (geometric area of 0.071 cm?) as the working electrode and
a platinum wire as the counter electrode was used. The GCE surfaces were polished on a
Buehler-felt pad using alumina (0.05 pm) and sonicated in ethanol then, in Millipore water
to remove impurities and dried before use.

The bare GCE surface was first grafted by electrodeposition by scanning from +0.2 V to
—1.0 V for three cycles in a solution of 0.1 mM 4-azidobenzenediazonium tetrafluoroborate
salt (containing 0.01 MTBABF, in 96:4 ACN: HCI (1 M)) following methods reported [5]. The
electrode was rinsed with DMF then acetone and Millipore water. Following grafting, the
click reaction was performed by immersing the grafted-GCE into a solution containing 1 uM
3in 1 mL DMF containing 2 mM Cu(PPh3)3Br and 0.5 mL trimethylamine. The electrode was
left to click for 18 h. The electrode is represented as 3-clicked-GCE. The glassy carbon plate
(GCP) surfaces used for SEM and XPS, were modified by grafting followed by clicking via the
same process as applied to the GCE. Experiments were also performed where 3 was adsorbed
onto the electrode without clicking. The electrode is represented as 3-adsorbed-GCE.
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3. Results and discussion
3.1. Synthesis and characterization of 3

Complex 3 (Scheme 1) was prepared from condensation of 4-((4-ethynylbenzyl) oxy)
phthalonitrile (2) in the presence of cobalt chloride and 1-pentanol and DBU as catalyst,
Scheme 1.

The presence of C-H stretch of the alkyne at 3272 cm=" in the FTIR spectrum of 2 is an
indication that substitution of the nitro group in 4-nitrophthalonitrile with 4-ethynylbenzyl
alcohol was successful (Figure 1). The disappearance of nitrile stretch (2236 cm™') from the
spectrum of 3 shows successful cyclization (Figure 1). 'TH NMR spectrum for 3 was not
recorded due to the paramagnetic nature of Co. Mass spectra confirmed the formation of 3
since the anticipated molecular ion was obtained.

Figure 2 shows the UV-Vis spectrum of 3 in DMF. The intense Q band with a maximum at
659 nm is typical of metallated Pcs [20-22]. The ethynylbenzyl group results in the blue shift
of the Q band compared to the aliphatic alkynyl substituted CoPc (Table 1). Complex 3 is
soluble in a wide range of organic solvents including DMF, DMSO, ethanol, toluene, CHCIS,
etc.

The aggregation behavior of 3 was also investigated at different concentrations in DMF.
As the concentration was increased, the intensity of absorption of the Q band also increased.
The Beer-Lambert law was obeyed in the concentration range of 6 to 16 uM.

Figure 3(a) and (b) shows the cyclic and differential pulse voltammetries of 3 in DMF
containing 0.1MTBABF,. The cyclic voltammogram of 3 (Figure 3(a)) showed four identifiable
redox processes (I-1V). From literature [23], peaks (II) and (Ill) are attributed to Co(l)/Co(ll)
and Co(lll)/Co(ll), respectively, in DMF. The Co(lll)/Co(ll) couple is irreversible, as is often
observed for this couple [24]. The rest of the peaks are ring based. Oxidation at the Pc ring
occurs by successive loss of one electron from the highest occupied molecular orbital
(HOMO), resulting in the formation of [Pc™']* and [Pc%]"** cation radicals. Reduction, on the

v I v I v I
4000 3000 2000 1000

Wavenumber / cm

Figure 1. FTIR spectra of 1-3.



1628 L.S.MPETAETAL.

0.10 -
0.08 -
0.06 -

]
0.04
0.02 -

0.00 T T ¥ T i T T T ]
400 500 600 700
wavelength / nm

Absorbance

Figure 2. UV-Vis spectrum of 3 in DMF (concentration ~ 1 X 107°M).

Table 1. Q band absorption maxima (DMF) and electrochemical data for hydrazine oxidation on
3-clicked-GCE with their clicked CoPc (4) and FePc (5) derivatives. Hydrazine concentration is 4, 6, and 5
(in 0.2 M NaOH) for 3-5, respectively.

E/V Catalytic
A (Q band) hydrazine Tafel slope constant Sensitivity
Complex nm oxidation (mV/dec) (M~'s7T) (MA/mM) LoD (uM) Refs.
3 659 0.54(0.58) 56(88) 8.45x103 91.53(5.46)  3.28(10.2)  This work
(4.68 X102
4 676 0.72 212 7.84 x10? 51.32 6.09 [13]
5 706 0.10 65.8 8.84 x10? 15.38 1.09 [10]

Values in brackets are for 3-adsorbed-GCE.

other hand, occurs by successive gain of electrons by the lowest unoccupied molecular
orbital (LUMO) of the phthalocyanine complex, resulting in the formation of Pc (—2—n) species
(where n = number of electrons). Since DPV is more sensitive than CV, it was used to confirm
the oxidation and reduction peaks obtained on the cyclic voltammogram (Figure 3(b)).

3.2. Characterization of modified electrodes

The working electrode surface was modified as shown in Scheme 2. Although only one
substituent is shown as clicked to the electrode, there is a possibility that more than one
ring substituent could undergo the click reaction depending on the orientation of 3.

3.2.1. Cyclic voltammetry (CV)

Figure 4(a) shows the grafting step where three consecutive cycles were recorded in a solu-
tion of 0.1 mM 4-azidobenzenediazonium tetrafluoroborate (containing 0.01 M TBABF, in
96:4 ACN: HCI (1 M)) at a potential window from 0.2 to —1 V. The reduction of 4-azidoben-
zenediazonium to diazonium radicals was observed with the reduction peak at —0.6 V on
the first cycle and this peak disappeared when recording the second and third cycles, typical
of electrochemical grafting process [15]. Figure 4(b) illustrates the response of the bare GCE
towards 1 mM ferrocyanide solution and the expected reversible couple is obtained on the
bare GCE. The grafting step resulted in the passivation of the GCE. After clicking, the electrode
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Figure 3. (a) Cyclic voltammogram (CV) and (b) differential pulse voltammogram (DPV) profiles of
1x 1073 M of 3 in DMF containing 0.1 MTBABF, supporting electrolyte.
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Scheme 2. Schematic illustration of grafting of GCE with azide and clicking of 3 on the grafted electrode.
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Figure 4. Cyclic voltammograms of (a) bare GCE in 0.1 mM 4-nitrobenzenediazonium tetrafluoroborate,
in ACN containing 0.1 MTBABF, and (b) bare GCE, grafted GCE and 3-clicked-GCE in 1 mM ferrocyanide
solution.

was also tested in the same solution and the passivation continued. This has been observed
before during click reaction [11].

3.2.2. SEMimages

The SEM images of the electrodes following grafting and clicking are shown in Figure S1.
On the bare glassy carbon plate Figure S1(a), the surface is homogeneous showing that the
glassy carbon plate is unmodified. After grafting, Figure S1(b) the surface is not homogene-
ous, which is an indication that the surface is modified. In Figure S1(c), the electrode appears
rougher than Figure S1(b), which is indication of further modification.

3.2.3. X-ray photoelectron spectroscopy (XPS)

XPS analysis was employed to confirm successful modification of the electrode surface via
click chemistry. Figure 5(a) shows wide scan spectra for bare, grafted and clicked electrodes,
showing the expected C (1s) peak at 284.9 eV. The O (1s) peak at 529.3 eV may come from
air since the modification of the electrode surface was done in the open environment.
The appearance of N (1s) peak at 384.6 eV on grafted and clicked GCE is an indication of a
successful grafting. After the grafted GCE was clicked, the Co(2p,,) peak is observed at the
binding energy of 683.6 eV which is an indication that 3 was successfully linked to the grafted
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surface. In the N (1s) high-resolution XPS spectra, the N=N peak is observed at 396.4 eV for
the grafted electrode and shifts to 399.3 eV for the clicked electrodes, Figure 5(c) with an
intensity decrease from 7045 cps for the former to 4386 cps for the latter. The decrease in
the intensity of the azide (N=N) peak is an indication that the click reaction may have taken
place. However, the presence of this peak in 3-clicked-GCE shows that not all the azide peaks
were involved in clicking. On the other hand, the presence of the N=N peak (397.4) in the
grafted electrode may indicate that not all of the 4-azidobenzenediazonium tetrafluoroborate
was grafted onto the electrode or due to the fact that azide has an apparently pentavalent
central nitrogen atom chain that can be represented by N=N=N [25]. The peak is not observed
following clicking confirming that it is not due to the former reason but, it is more likely due
to the N=N=N. The high resolution C(1s) spectra shows an increase in the number of peaks

@ |8
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Figure 5. (a) Wide scan XPS spectra for bare, grafted and 3-clicked-GCP. High resolution XPS spectrum of
(b) C(1s) and (c) N (1s) for grafted and clicked electrodes.
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following clicking with the appearance of new C=N peak at 285.7 eV in Figure 5(b), confirming
the presence of the Pc on the electrode. The C-N peak appears broad in Figure 5(b). Broad
C-N peaks have been observed [26]. The broadness could be due to electron delocalization
or electron cloud from both benzyl and azide surrounding the carbon, while on clicked, the
electron cloud is reduced on azide group.

3.3. Detection of hydrazine

3.3.1. Cyclic voltammetry
Following characterization of modified electrodes to confirm the success of each modifica-
tion step, the clicked electrode was used to detect hydrazine in order to determine its elec-
trocatalytic behavior. Hydrazine was chosen as a test analyte as it has been reported that
CoPc readily oxidizes this analyte [27-29]. Figure 6 shows comparative CVs of the bare GCE,
grafted GCE, 3-clicked-GCE and 3-adsorbed-GCE in a potential window of 0 to 0.75 V versus
Ag/AgCl reference electrode. The results showed that the bare and the grafted electrodes
were not able to sense hydrazine. In contrast, the 3-clicked-GCE showed a defined oxidation
peak at 0.54 V (Table 1) with an onset potential of 0.3 V. On the other hand, the complex
3-adsorbed-GCE showed slightly higher oxidation potential (0.58 V) and lower peak currents,
hence clicking increases the sensitivity of the electrode. The oxidation potentials obtained
are more negative than for those reported for clicked CoPc (4 in Table 1) at 0.72V [13] in
which only aliphatic substituents were used for clicking, meaning the aromatic substituent
used in this work eased oxidation of hydrazine due to the presence of electron rich benzene
groups as substituents resulting in low oxidation potentials. The difference between 3 and
5 (FePc) is attributed to different central metals (Table 1).

The proposed mechanism for electroxidation of hydrazine on CoPc has been reported
[30, 31], Equations (1-4).

[Co(DPc] foce < [CO(DPC] o + € (1
[CoPC],, ... + N,H, + OH™ S[Co(Pc... N,H, 1o .. . +H,0 2
[Co(DPc... N H. T pce = [COMDPC], et * NyH, (3)

& N,H, + 30H™ N, + 3¢ + 3H,0 (4)

As stated in literature [30], for most CoPc complexes, oxidation of hydrazine starts at potential
more positive than that of the Co(ll)/(I) redox couple, indicating the catalytic species is Co(ll)
Pc.

3.3.2. Stability test

For practical applications of any electrochemical sensor, the stability is essential. The stability
test for 3-clicked-GCE and 3-adsorbed-GCE were done by running 10 consecutive scans in
0.2 M NaOH supporting electrolyte solution containing 4 mM hydrazine (Figure 7). For
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Figure 6. Cyclic voltammetry of bare, grafted, 3-clicked-GCE, and 3-adsorbed-GCE in 4 mM hydrazine in
0.2 M NaOH. Scan rate 100 mVs~".
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Figure 7. Cyclic voltammograms of repetitive scans (10) with (a) 3-clicked-GCE and (b) 3-adsorbed-GCE
in 4 mM hydrazine with 0.2M NaOH.

3-clicked-GCE (a) the current decreased for the first four scans and from 5th scan the peak
current and potential became stable. On the other hand, the 3-adsorbed-GCE (b) showed a
decrease in current without becoming stable for all 10 scans. Therefore, the clicked electrode
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is more stable than when MPcs are adsorbed, this makes a clicked electrode more appropriate

for use in sensing.

3.3.3. Kinetic studies of hydrazine detection

Figure 8(a) shows that an increase in scan rates (10 to 75 mVs™') resulted in the hydrazine
oxidation peak shifting towards more positive potentials, which is an indication of irrevers-
ibility of the redox reaction. The linear relationship of the plot of peak current against square
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Figure 8. Cyclic voltammograms for the detection of hydrazine (in 0.2 M NaOH) at different scan rates
(a), plot of oxidation peak potential vs. log v (b) and plot of peak current vs. square root of scan rate (c).
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root of scan rate (Figure 8(c)) means that hydrazine oxidation is diffusion controlled. The
relationship between peak potential and scan rate for an irreversible diffusion-controlled
process is given by Equation (5) [32]:

b
Ep=5Iogv+K (5)

where Ep is the peak potential, v is the scan rate, K is a constant, and b indicates the Tafel
slope. From the plot of E, versus log v (Figure 8(b)), a Tafel slope (which is twice the gradient
of the plot of Ep versuslog v) of 56 mV decade™! was obtained which is almost within standard
range of 60-120 mV decade™". The Tafel slope for 3-clicked-GCE is lower than that of the
corresponding 4-clicked-GCE (Table 1). A Tafel slope of near 60 mV/decade (as is the case in
this work) is obtained when a = 1, and one electron is transferred during the rate-determin-
ing step [33]. Tafel slopes higher than 120 mV/decade (as observed for 4-clicked-GCE) have
no kinetic meaning.

3.3.4. Chronoamperometry studies

The 3-clicked-CGE was employed for chronoamperometric studies. Chronoamperogram data
were used to determine the limit of detection and catalytic rate constant for the electroca-
talysis of hydrazine. The limit of detection (LoD) was calculated using 36/s (where & is stand-
ard deviation of the blank and s is the slope of the calibration curve, Figure 9(a), insert) and
was found to be 3.28 uM. Another parameter of interest that was determined was sensitivity
which was 91.5 yA mM~'. The LoD in the micromolar range has been reported for similar
work [34], but much lower than reported for CoPc hexynyl substituent (4), Table 1, showing
the advantage of ethynylbenzyl substituents. For 3-adsorbed-GCE, the LoD is 10.2 uM and
sensitivity is 5.45 uA mM~", hence clicking performs better than adsorption.

A higher LoD than the one for FePc containing hexynyl substituent may be due to the
difference in central metal as FePc are reported to have low LoDs [35]. The catalytic rate
constant (k) for the electrocatalysis of hydrazine on the 3-clicked-CGE was determined
according to the method described in the literature [36] and Equation (6):

/ '
_cat — y;H'I/Z — H1/2(kcot)1/2 (6)

bla

where I, and I, are currents in the presence and in the absence of hydrazine, t = elapsed
time in seconds and k = catalytic rate constant (M~'s™"). Figure 9(b) shows linear plots of
(Io¢/ ) versus t'2 for different concentrations of hydrazine obtained from the chronoamper-
omogram in Figure 9(a). The slopes of these plots were plotted against the concentration
of hydrazine to give the linear relationship shown in Figure 9(c) and is represented by
Equation (7).

-1

y = 26.5 [hydrazine] <:1_M> - 42857, R*> = 0.9701 7)

The slope of Figure 9(c) is equal to mk, and this gives a k value of 8.45 x 103 M~'s™" which is
ten times faster than that reported in the literature as presented in Table 1. The k value for
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adsorbed 3 of 4.68 x 102 M~'s~! is much less than that of the clicked electrode showing the
importance of clicking.

The high catalytic constant and low LoD of the 3-clicked-CGE sensor compared to clicked
complex 4 are attributed to the aromatic group that is present in the substituent in 3. Hence
the presence of the aromatic ring improves the performance of the sensor.

(a) 12{ y=91.510x + 260 —omN
e 0.2 MM
15 6 0.3 mM
e 0.4 MM
< . n ’ ’ ' 0.6 mM
= 00 03 06 09 |e=—0.8mM
- [Hydrazinel/mM  |===— 1mM

tis

(b) =04 mM

® 0.2mM

o
=)

cat

lat! Loia
>
3]

g
=}

1.5

0.4 0.6 0.8 1.0

(t/s)wz

(c) 25 - -

20 ] ¥ =26.53998x - 4.28841

{ R>=0.97018

15 -

10 =

Slope2

-1 1T 111
0.0 0.2 0.4 0.6 0.8 1.0
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Figure 9. (a) Chronoamperograms for different concentrations of hydrazine (in 0.2 M NaOH) recorded
using 3-clicked-GCE. Insert: current-concentration plot for hydrazine. (b) Plot of (I /I, ,.) vs. t"2 and (c)
plot of the square of the slope vs. concentration of hydrazine.



JOURNAL OF COORDINATION CHEMISTRY 1637

1/ uA

0.0 0.2 04 0.6
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Figure 10. Square wave voltammograms in (a) 100 uM ammonia, (b) 100 uM aniline, (c) 25 uM hydrazine, (d)
25 uM hydrazine + 100 pM ammonia, (e) 25 uM hydrazine + 100 uM aniline, () 25 uM hydrazine + 100 uM
aniline + 100 yM ammonia.

3.3.5. Interference studies

Amine compounds such as phenyl hydrazine, aniline and ammonia have potential to inter-
fere with the signal of hydrazine in real life application. Hence, the selectivity of the electrode
towards hydrazine in the presence of amines was studied (Figure 10). The square wave
voltammograms in the presence of interferences are similar (Figure 10(d), (e), (f)), except for
the small shift towards positive potentials. The peak current of hydrazine in the presence of
interferences remained high enough to determine selectivity of hydrazine as the interfer-
ences produced negligible oxidation currents and no extra peak. The relative standard devi-
ation (RSD) of the peak heights in figure 10(c), (d), (e), and (f) was 4.30%, close to RSD for
hydrazine only at the clicked electrode (4.70%). Therefore, the study confirmed that the
developed sensor possesses good sensitivity towards hydrazine.

4, Conclusion

The symmetrical ethynylbenzyl alkyne-terminated cobalt phthalocyanine (3) with high elec-
trochemical performance was synthesized and used for electrocatalysis of hydrazine on a
glassy carbon electrode modified via click reaction. The modified 3-clicked-GC surface was
characterized using cyclic voltammetry and XPS, which confirmed the success of modifica-
tion steps. Electrochemical behaviors of the probe toward hydrazine displayed good catalytic
rate constant and low limit of detection of 8.45 x 103> M~'s™" and 3.28 uM, respectively.
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