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ABSTRACT 

Fluorenone unsymmetrical azines have been synthesized in the presence of acid catalyst 

sulphated–titania (TiO2-SO4
2-) and they are characterized by FT-IR and 1H spectral analysis. 

Surface modifier materials titanium dioxide and zinc sulfide loaded titanium dioxide are 

synthesized.  Glassy carbon and its modified electrodes are characterized by SEM. 

Electrocatalytic effect of electrolytes (azine + dimethylformamide (DMF) + (TBAP) tetrabutyla-

mmonium perchlorate) have been investigated using glassy carbon electrode (GCE), Nafion coated 

titanium dioxide GCE (GCNCTME), Nafion coated Zinc sulfide loaded titanium dioxide GCE 

(GCNCZDTME), Platinum electrode (PtE), Nafion coated titanium dioxide PtE (PTNCTME) and 

Nafion coated Zinc sulfide loaded titanium dioxide PtE (PTNCZDTME) in cyclic voltammetry.  
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1. INTRODUCTION 

 Cyclic voltammetry (CV) is an 

electroanalytical technique of great importance. 

There are different oxidation states possible in 

inorganic compound metal centres. The CV 

establishes important information about the 

oxidation state of an element in a compound as 

well as the compound’s stability under the 

experimental conditions employed. 

Electrochemical analyses have proved to be very 

responsive for the determination of organic 

molecules, drugs and related molecules in 

pharmaceutical dosage forms and biological fluids 
[1-5]. Glassy carbon electrode (GCE) have high 

impact in electrochemical analysis due to their 

low residual current, broad potential window, rich 

surface chemistry, low economic cost, low 

porosity and appropriateness for various sensing 

and detection applications [6]. Electron transfer 

rates that are seen at these electrodes are usually 

slower than on noble metal electrodes [7]. 

Chemically modified electrodes have received 

interest because of their improvement of the 

selectivity and sensitivity. Many kind methods 

have been proposed for surface modification of 

electrode, such as adsorption, covalent bonding 

and polymer covering [8]. The surface modification 

of working electrodes has been important 

development in electroanalysis. A plenty of 

efficient catalysts have been developed to escalate 

the reduction or oxidation and enhance the 

cathodic peak current or anodic peak current of 

organic compounds [9, 10]. The variety of materials 

have been used in modification of GCE surface 

such as graphene [11], multi-walled carbon 

nanotubes [12], poly-4-nitroaniline [13], Polymeric 

Meso–Tetrakistetrabromo Thienylporphyrin [14], 

Cu doped gold nanoparticles [15], palladium 

nanoparticles [16]. Azines are captivate compound 

for organic chemist because of their anti-leukemia 

activity [17], antitumor evaluation [18], intermediate 

in heterocyclic synthesis [19], undergoes crisscross 

cycloaddition reactions [20], NLO materials [21], 

pigments [22], dyes [23], organic semiconductor, 

blue-emitters, organic light-emitting diode [24], and 

organic photovoltaic application [25]. Herein, GC 

and Pt surface modified electrodes have been 

prepared by using ZnS loaded TiO2 and bare TiO2 

materials. In this present study, surface 

modified electrodes are exhibiting enhanced 

electrochemical sensitivity for azines electrolyte. 

Finally we report electrocatalytic effect not only 

depends upon nature and porosity of electrode 

material, but also on nature of electrolyte. 

2. EXPERIMENTAL  

2.1. Synthesis of azines 

2.1.1. Synthesis of (9H-fluoren-9-ylidene) 

hydrazine 
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About 0.01 M of fluorenone (1.8 g) 

dissolved in 50 ml of ethanol was refluxed with 

0.1 M of hydrazine hydrate (5 ml) in the presence 

of acetic acid. The reaction mixture was allowed to 

cool over night. The solid thus formed was washed 

thoroughly with water to remove excess of 

unreacted hydrazine hydrate and impurities. It 

was recrystallized from absolute ethanol. 

2.1.2. Synthesis of (E)-1-benzylidene-2-(9H-

fluoren-9-ylidene) hydrazine (AZ-1) 

Sulphated titania is prepared in literature 
[26].To a mixture of fluorenone hydrazone (1 

mmol) and biphenyl-4-carboxaldehyde (1 mmol) 

in dry media, 0.1 g of TiO2–SO4
2- is added and the 

mixture is ground in a mortar with a pestle at 

room temperature for 60 seconds. The reaction is 

monitored by Thin Layer Chromatography (TLC). 

At the end of the reaction, ethyl acetate is added to 

the solidified mixture and the insoluble catalyst is 

separated by filtration. The solvent is evaporated 

to get the product. The crude sample is 

recrystallized from absolute ethanol. The above 

reaction is proposed in scheme 1. (E)-1-(9H-

fluoren-9-ylidene)-2-(naphthalen-

1ylmethylene)hydrazine (AZ-2) synthesized in 

similar manner. AZ-1 and AZ-2 are characterized 

by FT-IR, 1H and 13C NMR spectral analysis. 

Scheme - 1: Synthetic way of AZ-1 and AZ-2. 

2.1.3. (E)-1-([1,1'-biphenyl]-4-ylmethylene)-2-

(9H-fluoren-9-ylidene)hydrazine (AZ-1) 

IR (KBr) (cm−1): 1538 (C=N stretching), 

3088 (Aromatic CH); 1H NMR (CDCl3, 400 MHz) (δ, 

ppm): azomethine proton 8.61 (s, 1H), aromatic 

protons 7.29−8.50. 

2.1.4. (E)-1-(9H-fluoren-9-ylidene)-2-

(naphthalen-1-ylmethylene)hydrazine (AZ-2) 

IR (KBr) (cm−1): 1537 (C=N stretching), 

3097 (Aromatic CH); 1H NMR (CDCl3, 400 MHz) (δ, 

ppm): azomethine proton 9.27 (s, 1H), aromatic 

protons 7.26−8.93. 

2.1.5. Preparation standard azine electrolyte 

solution 

About 0.112 and 0.103 g of AZ-1 and AZ-

2 are taken in 25 ml volumetric flasks and 

dimethylformamide (DMF) is added up to mark of 

the flask and the solutions are sonicated for 15 

min. 0.1 M tetrabutylammonium perchlorate 

(TBAP) solution is also prepared and it used as 

supporting electrolyte. 

2.2. Preparation of electrodes  

2.2.1. Preparation of ZnS loaded TiO2 

Precipitation cum sol-gel method was 

used to synthesis of ZnS loaded TiO2 electrode 

material. A solution of Zinc nitrate (0.0891 g (0.03 

M) of Zn(NO3)2·6H2O in 5 mL of water) is added to 

solution of Na2S (0.276 g (0.03 M) of Na2S in 5 mL 

of water) and it resulted in formation of ZnS 

precipitate. The precipitate is added to a mixture 

of 12.5 mL of titanium isopropoxide and 80 mL of 

isopropanol under magnetic stirring at 60–70 °C 

(sol). This sol was stirred for 2 h, precipitate thus 

obtained is filtered, washed thoroughly with 

distilled water, dried at 100 °C in an air oven for 2 

h and calcined at 400 °C for 12 h. ZnS loaded TiO2 

was formed as white powder [27]. 

2.2.2. Preparation of ZnS loaded TiO2 modified 

glassy carbon electrode 

GCE was polished to a mirror-like finish 

using a 1.0, 0.3 and 0.05 micron alumina powder 

on a polishing cloth. After polishing the GCE, it is 

allowed to sonicate for 10 min in 10% H2SO4 and 

then wiped with absolute ethanol and dried in air. 

About 2 mg of ZnS loaded TiO2 is sonicated with 

ethanol for 15 min (casted). The casted ZnS loaded 

TiO2 dipped on GC electrode surface is dried for 15 

min in air. Nafion solution is placed in GC 

electrode surface with ZnS loaded TiO2 and it is 

allowed to dry on air (GCNCZDTME). all modified 

electrodes are prepared according to the above 

mentioned procedure. 

3. RESULT AND DISCUSSION  

3.1. Scanning electron microscopy (SEM) 

SEM measurements are performed to 

investigate the morphologies of bare glassy 

carbon electrode and its modified topology with 

TiO2 and ZnS loaded TiO2 was observed in SEM 

image with the accelerating voltage of 5 kV 

(Figure 1). Comparatively the morphology of 

glassy carbon surface changed due to binding of 

electrode materials (TiO2 and ZnS loaded TiO2). 

3.2. Pros in azine synthesis 

In preparation of unsymmetrical azines 

by normal (thermal) method, there are several 

disadvantages like high reaction time, low yield, 

using of baleful solvents and purification. Above 

mentioned defects cannot been seen when solid 

acid catalyst TiO2-SO4
2− is employed. Scheme 2 

represents formation of hydrazone to azine while 

using sulphated titania. 
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Figure - 1: SEM photographs of (a) bare glassy 

carbon electrode (b) GCNCTM electrode (c) 

GCNCZDTM electrode. 

Scheme - 2: Mechanism of formation of AZ-1. 

3.3. Electrochemical behavior of azines 

electrolyte at different working electrodes 

Cyclic voltammetry is an ideal and 

valuable tool for monitoring electron 

transformation of modified electrode [28]. 

Electrochemical properties of 0.00125 M azines 

15 and 16 are studied in dimethylformamide 

(DMF) by using tetrabutylammonium perchlorate 

(TBAP) as a supporting electrolyte. Cathodic peak 

potential and peak current was analyzed for 

different electrolyte (azines) in bare and modified 

electrodes scan between -2.0 to 2.0. 

Electrocatalytic effects of azines are examined 

with six electrodes (both bare and modified) in 

azine electrolyte. Table 1 and Figure 2 showcase 

the electrocatalytic effect of AZ-1 in GC, Pt and the 

modified electrodes with TiO2 and ZnS loaded TiO2 

electrodes. For AZ-1 these are respective –Epc (V) 

and –ipc (e-5A) values observed with GCE (S1) 

(1.428, 3.385), GCNCTME (S2) (1.4368, 6.084), 

GCNCZDTME (S3) (1.3867, 9.803), PtE (S4) 

(1.4331, 1.792), PTNCTME (S5) (1.3488, 4.061), 

PTNCZDTME (S6) (1.4182, 3.605). In AZ-1, 

GCNCZDTME greatly improved cathodic peak 

current is observed when compared with entire 

bare and modified electrodes. The reason for the 

better performance of the GCNCZDTME may be 

due to the electronic structure and the topological 

defects present on the GCNCZDTME surfaces. 

Analyzing the results, GCNCZDTME has 

exclusively improved the cathodic peak current 

compared to GCNCTME. PTNCTME has increased 

the cathodic peak current than the increase given 

by PTNCZDTME. If the electrocatalytic effect 

depends upon nature and porosity of the 

electrode materials, PTNCZDTME should have 

escalated the peak current, but the result has not 

been like that. Hence, it can be concluded that 

electrocatalytic effect not only depends upon 

nature and porosity of electrode material, but also 

on nature of electrolyte. The modified electrodes 

help for easy reduction for AZ-1. GC and their 

modified electrodes showcases the better catalytic 

performance of AZ-1 compared to Pt and its 

modified electrodes. This is because GC electrode 

has high density and low porosity and hence 

conducts ions faster. Same electrocatalytic effects 

are observed for AZ-2 (Table 2 and Fig. 3). GC, PtE 

and its modified electrodes have better catalytic 

activity on electrolyte in such a manner, 

AZ-1: GCNCZDTME > GCNCTME > PTNCTME > 

PTNCZDTME > GCE > PtE 

AZ-2: GCNCZDTME > GCNCTME > PTNCZDTME 

> GCE > PTNCTME > PtE 

Higher and lower cathodic peak current 

was observed in AZ-1 while using GCNCZDTME 

and PtE. 

Figure - 2: Electrocatalytic effect of AZ-1 at GCE 

(S1) GCNCTME (S2) GCNCZDTME (S3) PtE (M4) 

PTNCTME (S5) PTNCZDTME (S6). 

3.4. Loading effect on electrolyte 

Figure 4 Showcase electrochemical 

sensitivity variation in azine electrolyte at bare 

TiO2 and ZnS loaded TiO2 modified electrodes. ZnS 

loaded TiO2 modified glassy carbon and platinum 

electrodes are highly enhances cathodic peak 

current (ipc) when compared bare titania modified 

electrodes. It concludes ZnS loaded TiO2 modified 

electrodes are conducts the ions faster in azine 

electrolyte (Expect AZ-1 at PTNCTME). 
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Table - 1: Cathodic peak potential (Epc) and peak current (ipc) of AZ-1 at bare and modified 

working electrodes 

Electrolyte Scan rate (mV) Working electrode -Epc (V) -ipc (e-5A) 

AZ-1 100 

GCE (S1) 1.4280 3.385 

GCNCTME (S2) 1.4368 6.084 

GCNCZDTME (S3) 1.3867 9.803 

PtE (S4) 1.4331 1.792 

PTNCTME (S5) 1.3488 4.061 

PTNCZDTME (S6) 1.4182 3.605 

   

Table - 2: Cathodic peak potential (Epc) and peak current (ipc) of AZ-2 at bare and modified 

working electrodes 

Electrolyte Scan rate (mV) Working electrode -Epc (V) -ipc (e-5A) 

AZ-2 100 

GCE (S1) 1.3333 3.803 

GCNCTME (S2) 1.3179 8.156 

GCNCZDTME (S3) 1.3488 9.444 

PtE (S4) 1.3488 1.946 

PTNCTME (S5) 1.3131 2.005 

PTNCZDTME (S6) 1.3539 4.064 

 

 

Figure - 3: Electrocatalytic effect of AZ-2 at GCE 

(S1) GCNCTME (S2) GCNCZDTME (S3) PtE (M4) 

PTNCTME (S5) PTNCZDTME (S6). 

 

Figure - 4: Loading effect on electrolyte. 

4. CONCLUSION 

Organic electrolytes (azines) are 

successfully synthesized by using sulphated 

titania with solvent free and operational 

simplicity. GC and Pt electrode surfaces modified 

with bare titania and zinc sulfide loaded titania 

are used to examine electrocatalytic effect of azine 

electrolyte. The electrocatalytic performance will 

be more at GC modified electrodes than the Pt 

modified electrodes in AZ-1 and AZ-2 electrolyte. 

AZ-1 and AZ-2 has more catalytic activities in 

GCNCZDTME. This study highlights that 

electrocatalytic activity not only depends on 

nature, porosity and conductivity of electrode 

material but it also depends up on nature of 

electrolyte. The electrocatalytic performance will 

be more in GC modified electrodes then the Pt 

modified electrodes. Probably ZnS loaded TiO2 

modified electrodes (both GC and PtE) highly 

enhances cathodic peak current when compared 

bare TiO2 modified electrodes. 
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