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ABSTRACT : Ball milling was employed to prepare nano compounds of tantalum pentoxide and cobalt
sulphate that used a Retsch MM2000 apparatus and three stainless steel balls with diameters of 12 mm.
The new filled nano composite working electrode was created by combining nano tantalum petoxide to
multicarbon nanotubes and carbon in a specific ratio, and the final nano paste was applied to the tip of a
glassy carbon electrode. Cyclic voltammetry was used to examine the redox reaction of NCS alone and in
combination with FA in 0.1M KBr at two different temperatures (292.15&297.15) K. At the two
temperatures used, various solvation and Kinetic parameters were evaluated and discussed. In addition, in
order to study complexation, various thermodynamic data, including stability constants, complexation
Gibbs free energies, enthalpies, and entropies, were measured for the communication of NCS to FA. Their
values were then discussed.
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I. INTRODUCTION

One of the most often used electrochemical techniques for obtaining qualitative data on an electrolytic
method is cyclic voltammetry. It is accomplished through assessing the current as just a consequence of the
applied voltage. It is possible. The current is calculated as just a result of the given potential, starting with the
initial potential (Ei) and varying linearly up to the end value (Ef). When the potential reaches its final value, the
potential scan's direction is reversed, and the scan occured in the opposite direction in the same potential range.
A three-electrode setup is used to perform this approach. While a potential is applied to the working electrode in
relation to a reference electrode, an auxiliary (or counter) electrode is used to finish the electrical circuit by
transferring electricity from the signal source to the other electrodes in solution. The number of electrons
involved in the oxidation or reduction reaction, the formal potential, a system's stoichiometry, heterogeneous
rate constants, and the diffusion coefficient of electroactive species can all be determined using cyclic
voltammetry. Considering that cyclic voltammetry is an easy, quick, and sensitive method, it's often used to
determine compounds like transition metals and antibiotics like fuchsin acid (FA). Cobalt compounds have
gotten a lot of interest in recent years since they plays a big role in a lot of biochemical processes and are
employed in a lot of different industries including industrial and medicinal chemistry [1-9]. Magnetic
nanoparticles have made progress in research owing to their properties and prospective applications [10].
Magnetic nanoparticles such as cobalt sulphate have been shown to have potential uses in the areas of
information storage, catalytic magnetics, medical diagnosis, and electrical characteristics. [11-13].

Because of its catalytic, electrical, and therapeutic applications, cobalt sulphate has got a lot of interest
in recent years. It possesses three metastable phases with diverse crystallographic shapes, making it one of the
most ferromagnetic materials. [14,15]. Cobalt salt is a chemical that is employed in the electrolytic and metal
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plating industry sectors. [10]. It is used in protective coating to increase the deposited materials' smoothness,
illumination, rigidity, and ductility. Rechargeable cells, pigments, and coatings for lithographic all employ it as
a drier. It's also been used to raise hematocrit, haemoglobin, and erythrocyte levels in human patients with
refractory anaemia, such as sickle-cell disease, thalassemia, and chronic kidney disease [15]. Antibiatics, often
known as antibacterial, are antimicrobial drugs that are used to treat and prevent bacterial infections. Bacteria
may be killed or inhibited by these substances. Antiprotozoal action is seen in a small number of antibiotics
[16]. Acid fuchsine is a combination of homologues of basic fuchsine that have had sulfonic groups added to
them. Jakub Natanson initially made fuchsine from aniline and 1,2-Dichloroethane in 1856. It can also be used
to detect bacteria that are proliferating [17]. The study of metal complexes is a popular topic of research.
Complex formation has got a lot of attention. Spectrophotometry, cyclic voltammetry, NMR spectrometry,
calorimetry, potentiometry, and conductometry are some of the physicochemical techniques that can be
employed to examine these complexation reactions. Basic thermodynamic research like enthalpy, entropy, and
Gibbs free energy can be also determined [18-20]. Charge and size of the metal ion, type of metal ion, counter
ion, nature of the ligand, temperature, and physical properties of solvents are all factors that affect complex
stability. The value of the association constant can be calculated using the conductometric approach. The
temperature dependence of the association constant can be used to compute the enthalpy change (AH) and
entropy change (AS) of complexation reactions in various binary mixtures. This study is useful to understand the
effect of ionic size, solvent composition, temperature and the nature of the complexing agent. Additionally,
electrochemistry offers an effective methodologies for understanding the complexation reactions. For example,
cyclic voltammetry techniques can be utillized to investigate the redox attitude of metal salts in the lack and
existence of ligand and from which can be determined the stability constant of complex formed and
thermodynamic parameters such as Gibbs free energy, The enthalpy change (AH) and entropy change (AS) for a
system can be determined. This research is useful in understanding the effects of solvent composition, ionic size,
temperature, and the complexing agent's nature. Electrochemistry also provides useful approaches for
comprehending complexation reactions. For example, cyclic voltammetry technics may be utillized to explore
the redox attitude of metal salts in the absence and presence of ligand, allowing the stability constant of the
complex produced and thermodynamic characteristics like Gibbs free energy to be measured. A system's
enthalpy change (AH) and entropy change (AS) can be calculated.

Il. MATERIALS AND METHODS

Solvents and Materials

Perfect cobalt sulphate salt (CoSO4) from Merck Corporation, fuchsin acid (FA) from Oxford Research lab,
perfect potassium bromide salt (KBr) from Adwic Corporation, and bidestilled water with a conductivity of
2.9 uS em* were utillized in this research. In additament, pure tantalum pento-oxide salt (Ta,Os) from BDH
Middle East FZ LLC, graphite powder from Adwic Egypt, and carbon nano-tube from Egyptian Petroleum
Research Institute were utilized in the prep work of the filled nano composite electrode.

NH
2Q O

Fuchsin acid (FA)
(Acid Violet 19)
Basic formula C20H17N3sNa20¢S3
Molecular weight ~ 585.53 gemol™!

Nano salt preparation.

That used a ball-mill device of the Retsch MM2000 swing mill, granular cobalt sulphate salt (CoSO4) was
stirred for two hours to create nano cobalt sulphate (NCS). Ball milling was carried out at 20225 Hz and at
20 C with stainless steel tubes of volume 10 cm3 and three stainless steel balls of diameter (11x10%) m. In
addition, nano tantalum pentoxide salt was synthesized from bulk tantalum pentoxide salt utilizing the same
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ball milling method (Ta205). At last a transmission electron microscope (TEM) was employed to examine
the nanoscale.

Preparation of glassy carbon electrodes with doped nano composites

To create a homogeneous paste, [81% graphite powder, 9% paraffin wax, 4% nano tantalum pentoxide, and
6% multi layers carbon nano tube] was thoroughly mixed. The resulting composite was then placed inside
the electrode's tip (depth:6x10-3m). A copper wire was forced down the electrode to make an external
electrical contact. The electrode's surface was touched up with a piece of weighting paper before being
thoroughly washing the electrode with room temperature distilled water. The nano carbon composite that
resulted was examined using a transmission electron microscope (TEM).

Analysis of cyclic voltammetry (CV)

The cyclic voltammetric studies were performed with a DY 2000 multichannel potentiometer shipped from
the United States. It was linked to a cell with three electrodes: a reference electrode of silver/silver chloride
in saturated KBr solution, a working electrode of doped nano composite glassy carbon (DGC), and an
auxiliary electrode of platinum wire. The surface of the doped nano composite glassy carbon electrode
(DGC) was polished to a mirror finish using 1-0,03 micro alumina powder before being washed with
absolute alcohol and doubly-distilled water to remove any adhering alumina particles. The electrode's area
was (5.72x107?) cm?. The system was utilized with a potential window of (0.4 to -1.5)V and variable scan
rates (0.1, 0.05, 0.02, 0.01)V/sec at two distinct temperatures (292.15 and 297.15)K. Before each
experiment, purification N2 was passed through to ensure an inert atmosphere and diffusion experiment.
The information was finally examined using the original software.

1. RESULTS AND DISCUSSION

Electron microscopy in transmission (TEM)

Nano tantalum pentoxide, multi-nano composite carbon composite of the utilized glassy carbon electrode,
and nano cobalt sulphate salt were examined using a transmission electron microscope to determine their
internal structure and size, as shown in Figure 1. Nano tantalum pentoxide salt was discovered to be in the
deformed hexagonal shapes' designs, ranging from 18 nm to 23 nm in size, while nano cobalt sulphate was
found to be in the shape of irregular spheres, measuring 62—69 nm in size.

Fig.(1): TEM photos of (a) nano tantalum pentoxide salt (b) multi nano composite carbon dough of the
utilised glassy carbon electrode (c) nano cobalt sulphate salt

Cyclic voltammetry (CV)
At two different temperatures, the electrochemical behaviour of nanocobalt sulphate salt (NCS) alone.
Effect of various NCS concentrations at 292.15 and 297.15K alone.
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Using a DY2000 multichannel potentiometer at 292.15 and 297.15K, a filled nano glassy carbon
electrode (DGC) was used to measure the cycles voltammogram of KBr (0.1) M, a supportive electrolyte, from
(0.4 to -1.4)V. (Fig. 2). Then, by gradually addition of nano-Co?* ions solution from 1 ml (1.77 x 103 M) to 6
ml (9.17 x 10-* M) at 292.15 and 297.15K, the redox behaviour of nano-Co?* was studied in 0.1 M KBr (Fig. 3).
In the used window from 0.4 V to -1.5 V at the two utillized temperatures, one reduction wave was seen. The
oxidation happened in two waves, as depicted in Fig. 3. The same pattern was also observed at both

temperatures, with the higher temperature showing waves that were more clearly defined.

30 ML KBr(0.1M) at 292.15K
30 mL KBr(0.1M) at 297.15k

Current x10* (Amp)

N

T T T T T T T T T 1
0.4 0.2 0.0 -0.2 -0.4 -0.6 -0.8 -1.0 -1.2 -1.4 -1.6
Potential (V)

Fig.2: A 30 ml KBr (0.1) M cyclic voltammogram with 0.1 (V.sec™) scan rates at 292.15 and 297.15K
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Fig.3: Impact of various NCS ratios at (a) 292.15K (b) 297.15K and scan speed 0.1 (V.sec™?).

In order to study the electrochemical redox actions of nano Co?* ions in KBr (0.1) M at steady state
current, the following equations were applied to obtain and discuss cyclic waves [21-37].

ip=0.4463 nFACmFDVRT)Y#%  Randles Sevick formula (1)

AEp = Epq - Epc 2
ks= 2.18*[Dc ana F v/RT]"2 *exp [a’nF AEp/RT] (3)
ana = 1.857 RT / (Epc — Eper2) F (4)
=i, 4RT/N2F2Av ®)
(Q=nFAT) (6)
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in which ip is the current in Amperes, A was the working electrode's surface area in centimetres
squared, D was the diffusion coefficient in centimetres squared per second, v was the scan rate in volts per
second, and C was the concentration of Co?*, ks was the standard heterogeneous electron transfer rate constant in
cm/sec, is the charge transfer coefficient, na was the number of electron transfers in the rate-determining step,
Epc2 Was the half-wave potential for the cathodic peak, and was the surface coverage in mol.cm2. The surface
coverage can be calculated using the amount of charge used during the reduction or adsorption of the adsorbed
layer Q. The calculated solvation and kinetic parameters are Ep, (anodic peak potential),Ep. (cathodic peak
potential), Ipa(anodic peak current), Ip. (cathodic peak current), AEp (peak potential difference), Da ( anodic
diffusion coefficient), D. (cathodic diffusion coefficient), ks ( electron transfer rate constant ), I'a(anodic surface
coverage), I'c(cathodic surface coverage), Q. (anodic quantity of electricity) and Q. (cathodic quantity of
electricity) were tabulated in Table.1 (a&b). It was observed from Table.1 (a&b) that Ep, Ip and D increased at
higher temperature 297.15K than 292.15K. ks had higher values at (9.17x10*)M of FA at 297.15K. Q and I’
dropped at higher temperature 297.15K than 292.15K as result of the products' migration away from the
electrode's surface due to of the temperature raise.

Table.1(a): The solvation and kinetic values of various NCS ratios at 292.15 K and scan speed 0.1 (V.sec™?).

[M] x Epa | Ep,c | AEp AEp ()Ip,ax | Ip,cx Da x Dc x ks I'a Tex “) (+) Qc x
10° (mV) 10° 10* 103 10 X 108 Qax | 10*
10° 10°

1.771 031 | 094 | 062 | 626.61 1.62 1.17 4.403 2.315 6.553 0.73 | 0.535 0.81 | 0.591
95 61 66 9 57

3.438 031 | 093 | 061 | 61948 2.59 1.63 2.989 1.191 4.101 1.18 | 0.744 130 | 0.821
95 90 95 0 2

5.000 0.27 | 0.94 | 0.67 | 675.00 4.49 2.36 4.256 1.179 10.17 2.04 | 1.078 226 | 1.189
40 90 50 8 0

6.471 027 | 095 | 0.68 | 683.36 6.28 3.08 4.973 1.200 10.99 2.86 | 1.407 3.16 | 1.553
21 55 34 5 2

7.857 027 | 096 | 0.69 | 692.98 6.67 3.28 3.801 0.918 10.64 3.04 | 1.495 3.35 | 1.650
21 51 30 1 6

9.167 0.27 | 097 | 0.70 | 700.59 7.15 4.42 3.212 1.225E- | 15.38 3.26 | 2.014 3.60 | 2.223
40 46 06 11 1 0

Table.1(b): Various NCS concentrations' solvation and kinetic characteristics at 297.15 K and 0.1 V/sec scan

speed.
[MIx1 | Epa | Epc | AEp ()lp,a Ip,c Da x10° Dc Ks I'e (+)Qc Ia )Qa
0 x10® x10* 1 X102 x10® x10* x10° x10
1.77 0.419 | 1.024 | 0.604 0.5033 0.2612 0.4249 | 1.144 0.583 0.121 0.133 0.2335 0.2577
8 2 3

3.44 0.341 | 0.976 | 0.634 2.780 1.373 3.452 8.428 2.587 0.637 0.7033 1.290 1.423
3 0 6

5.00 0.314 | 0.925 | 0.610 4.713 2.541 4.691 1.363 2.650 1.179 1.301 2.187 2.413
9 4 5

6.47 0.304 | 0.928 | 0.624 5.903 2.749 4.393 9.527 2.679 1.275 1.408 2.738 3.023
3 9 5

7.86 0.277 | 0.946 | 0.668 7.241 3.072 4484 | 8.071 4.958 1.425 1573 3.359 3.708
9 2 3

9.17 0.216 | 0.993 | 0.776 12.73 4,746 10.18 14.15 | 46.493 2.202 2.430 5.907 6.520
9 6 6
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Impact of various scan rates
At two distinct temperatures (292.15 and 297.15)K, the cyclic voltammogram of NCS (9.17x10° M) in KBr
(0.1 M) was investigated at various scan speeds (0. 1, 0.05, 0.02, and 0.01) (V.sec) Maxima were seen in Fig.

4 .1t is observed that by decreasing scan rates, both anodic and cathodic currents decreased but other solvation

parameters like I'c, ['2Qc and Q. are increased. The relation (i,vs . v*?) indicates the linear dependence of the
peak current on the square root of the scan rate and the reaction is governed by diffusion controlled process. As
a result of the adsorbed species' adsorption, catalysis, and electrocatalysis on the nano electrode surface. The
volumetric behaviour was also explained by the conflict between adsorption and dehydration. Calculations of
the solvation and kinetic values at various scan speeds were shown in Table 2. (a&b).The catalytic mechanism
and minimum coverage were required to I'a and T'c. It was observed that the solvation and Kinetic values

increased by increasing temperature due to more solvation.

— KBr (0.1)M +NCS (9.17x10’3) M atscan rate 0.1 V.sec — KBr (0.1)M +NCS (9.17><10'3) M atscanrate 0.1 V.sec
8| — KBr (0.1)M +NCS (9.17x10'3) M at scan rate 0.05 V.sec 8| — KBr(0.1)M +NCS (9.17><10'3) M atscan rate 0.05 V.sec
7| = KBr (0.1)M +NCS (9.17x10%) M at scan rate 0.02 V.sec _ 7| —KBr(0.O)M +NCS (9.07x10%) M at scan rate 0.02 V.sec

a 6| — KBr (0.)M +NCS (9,17x10'3) M at scan rate 0.01 V.sec Q | —KBr(0.L)M +NCS (9.17><10'3) M at scan rate 0.01 V.sec
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o o 3
- -
X X 2
c € !
g o
[ - 0
= C
0 3
O .
3
04 02 00 -02 -04 -06 -08 -10 -12 -14 04 02 00 -02 -04 -06 -08 -10 -12 -14
Potential (V) Potential (V)

Fig.(4): Impact of various scan speeds of (9.17x10-%) M NCS at (a) 292.15 K (b) 297.15 K.

Table.2 (a): The solvation and kinetic values of (9.17x10°)M NCS at various scan speeds and 292.15 K.

()lp Ip D D r r (-)Qa | (H)Q
0 Epa Epc AEp ) ’ ) ‘ kS ) : : )
x10®° | x10* | x1013 | x1012 x10° | x10® | x10° | x10*

0.10 | 0.2714 | 0.9756 | 0.7106 | 7.150 | 4.425 | 3.222 | 12.26 | 15.37 | 3.271 | 2.024 | 3.602 | 2.233

0.05 | 0.2718 | 0.9463 | 0.6572 | 5.070 | 3.251 | 3.228 | 13.21 | 6.272 | 4.626 | 2.966 | 5.092 | 3.273

0.02 | 0.3112 | 0.8871 | 0.5836 | 2.475 | 1.627 | 1.920 | 8.224 | 0.526 | 5.633 | 3.678 | 6.202 | 4.081

0.01 | 0.3214 | 0.8331 | 0.5181 | 1.596 | 0.980 | 1.591 | 5.928 | 0.122 | 7.245 | 4.437 | 7.983 | 4.896

Table.2 (b): The solvation and kinetic values of (9.17x10-*)M NCS at various scan speeds and 297.15 K.

D D
()pa | 1pe 2 < Ta o | (IQa | (V)Qc
v Epa Epc ABp | 3105 | x10% X}3O X}ZO ks x10° | x10® | x10° | x10*

0.1 | 0.2169 | 0.9936 | 0.7766 | 12.73 | 4.746 | 10.18 | 14.15 | 46.493 | 5.907 | 2.202 | 6.520 | 2.430

0.05 | 0.2933 | 0.9453 | 0.6520 | 6.838 | 2.808 | 5.876 | 9.907 | 2,511 | 6.345 | 2.605 | 7.003 | 2.876

0.02 | 0.3332 | 0.8861 | 0.5529 | 3.646 | 1.523 | 4.177 | 7.289 | 0.234 | 8.458 | 3.533 | 9.336 | 3.900

0.01 | 0.3502 | 0.8321 | 0.4819 | 2.468 | 0.892 | 3.829 | 5.005 | 0.051 | 11.45 | 4.141 | 12.64 | 4.570
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The Randless Sevicek equation [38—-42] was utilized to relate the cathodic and anodic peak currents among with

the square root of scan speed, and it yields straight lines to represent the diffusion process in Figure

[] |pa
. IpC

55
50 ' Ipa

45 o | o IpC
40

35

30

Current x10“ (Amp)

010 015 020 025 030 035 0.10 0.15 020 0.5 030 0.35

Scan rate " (112) Scan rate * (112)

Fig.(5): Peak current and voltage relationship Ip (Ipc— Ipa) amoung the square root of various scan speeds at (a)
292.15K (b) 297.15K.

Electrochemical performance of nanocobalt sulphate solution (NCS) in existence of Fuchsin acid (FA) at
two various temperatures.
Impact of various FA at 292.15 and 297.15K.

The electrochemical performance for the synthesized complex among NCS and FA was studied in
0.1M KBr and scan speed 0.1 (V.sec?) at 292.15 and 297.15K, Fig.6. It was observed that the maxima for Co?*
ions increased by adding Fuchsin acid (FA) in the reduction window due to the raise in the dehydration and
catalysis of the adsorbed ions. This demonstrated that FA boosted the amount of adsorbed ions and ionisation in
the aqueous solutions that were employed. Table 3(a,b) shows the solvation and kinetic characteristics of the
reaction between NCS (9.17x 10-*)M and various FA concentrations at 292.15 and 297.15K and scan rate 0.1
V/sec.It was observed that the solvation values for nano cobalt sulfate decreased With the addition of Fuchsin
acid (FA) and by increasing temperature 297.15 K due to complexation. Also the surface coverage values for

Co?* ions dropped With the addition of FA facilitating happened of linear cathodic maxima.
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—— 30ml KBr(0.1)M +(8.91 x10°)M NCS +(2.7 x10“)M FA ——30mI KBr (0.1)M +(8.91 x10°)M NCS +(2.7 x10)M FA
— — -3 -4
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Fig.(6): Impact of various concentrations of FA at (a) 292.15K (b) 297.15K and
scan speed 0.1 V/sec.

Table.3(a): Impact of various ratios of FA for the 292.15K redox region.

conc concof | Epa Ep,c AEp ()Ip,a Ip,c Da x10" | Dc x10 Ks ()Q | (1 Qc la I'c
of[M] [L] x10°® x10* 14 18 a x10 x10° | x10-
x10° x10* x10- 9
5
8.929 271 0.264 | 0.986 | 0.7222 4,79 2.88 15.21 55.22 14.09 | 241 1.452 2.184 131
2 3 9 0 6
8.684 5.26 0.284 | 0.982 | 0.6981 4.00 2.15 11.19 32.44 6.731 | 2.01 1.084 1.823 9.81
5 6 3
8.354 8.86 0.353 | 0.956 | 0.6028 3.36 151 8.555 17.16 0.880 | 1.69 0.758 1.534 6.86
9 6 3 9
8.250 10.0 0.368 | 0.954 | 0.5859 3.14 1.10 7.667 9.431 0.543 | 1.58 0.555 1.434 5.03
3 2 3 0
8.049 12.2 0.372 | 0.956 | 0.5836 2.99 0.981 7.303 7.846 0.463 | 1.50 0.494 1.365 4.47
3 0 7 5
7.857 14.3 0.381 | 0.959 | 0.5778 2.86 0.878 7.017 6.598 0.378 | 1.44 0.442 1.307 4.00
7 5 2 6
Table.3(b): Impact of various ratios of FA for the 297.15K redox region..
[M] [L] Ep,a | Ep,c | AEp (-)Ip,a Ip,c Da Dc Ks la e -)Q (+) Qc
x1073 X104 x10% x10* X104 x1072 x10 x10® | ax10- x10*
-9 5
8.93 271 0.25 0.97 0.71 9.858 4.968 64.51 16.38 17.1 | 457 | 2305 | 5.048 2.544
42 35 93 51 4
8.68 5.26 0.25 0.97 0.71 9.013 4579 56.87 14.68 149 | 418 | 2124 | 4615 2.345
60 11 51 24 1
8.35 8.86 0.26 0.95 0.69 5.281 3.762 21.09 10.71 8.89 | 245 | 1.745 | 2.704 1.927
56 81 25 0 0
8.25 10.0 0.29 0.95 0.66 2.570 3.241 5.123 8.147 470 | 1.19 1.504 1.316 1.660
27 71 44 9 2
8.05 12.2 0.38 0.93 0.54 1.311 2474 1.400 4,987 042 | 0.60 1.148 | 0.671 1.267
63 36 73 2 8
7.86 14.3 0.38 0.92 0.54 1.195 1.875 1.221 3.007 035 | 055 | 0.870 | 0.611 0.960
63 91 28 0 4
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Impact of various scan speeds
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The relationship among NCS and FA was examined in relation to the impact of various scan speeds (0.
1, 0.05, 0.02, and 0.01)(V/sec), as shown in Fig. 7. Then, Table.4 can be used to calculate the solvation and

Kinetic values at the various scan rates (a,b). It was found that the maxima decreased by decreasing in the scan

rate and also decreased in all parameters at 297.15K than that of 292.15K due the complexation character. In

0.1M KBr, Fig. 8 also depicted the relationship among both cathodic and anodic peak current Ip and the square

root of scan rate.

Current X104 (Amp)

—KBr (0)M +NCS
0.M +NCS
0.M +NCS
—KBr (0)M +NCS

= KBr

(
(
- KBr
(

7.86x10°)M+ (144x10°
7.86x10°)M+ (144x10°
7.86x10° )M+ (14.4x10°
7.86x10° )M+ (144x10°

M at scan rate 0.1 V.sec
M at scan rate 0.05 V.sec
M at scan rate 0.02 V.sec
M at scan rate 0.01 V.sec
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49
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M+ (
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14.4><10")M atscanrate 0.1 V.sec
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Fig.(7): Impact of various scan speeds of (7.86x10%) M FA with (14.3x10*) M NCS at (a) 292.15 K (b) 297.15
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Fig.(8):The relation between peak current Ip (Ipc— Ipa) among the square root of various scan speeds in the
existence of FA at (a) 292.15K (b) 297.15K.

Table.4(a): Effects of various complex scan rates for the 292.15K redox region.
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- I a I c Da Dc ra 1—‘C - a + C
v Eps Epe AE, ()p p K ()Qa | (MQ
x10° | x10° | x10%5 | x1018 x109 | x10° | x10° | x10°

0.1 | 0.3917 | 0.9695 | 0.5878 | 2.874 | 8.718 | 7.027 | 6.588 | 0.3786 | 1.317 | 4.106 | 1.452 | 4.4221

0.05 | 0.4318 | 0.9586 | 0.5669 | 1.479 | 6.018 | 3.694 | 6.320 | 0.0868 | 1.350 | 5.650 | 1.490 | 6.1261

0.02 | 0.4742 | 0.9325 | 0.4483 | 0.597 | 3.613 | 1.540 | 5.649 | 0.0153 | 1.374 | 8.284 | 1.516 | 9.1421

0.01 | 0.4842 | 0.9103 | 0.4361 | 0.258 | 1.811 | 0.575 | 2.835 | 0.0060 | 1.183 | 8.293 | 1.285 | 9.1511

Table.4(b): Effects of various complex scan rates for the 297.15K redox region.

(-)|pa |pc Da D. I'a I. (')Qﬁ (+)QC
oo Bpa | Epe | AEp 105 | x10¢ | x107 | x10%2 | K| x10%0 | x10° | x10° | x10%

0.1 | 0.3863 | 0.9291 | 0.5428 | 1.195 | 1.875 | 122.1 | 3.007 | 0.350 | 5.543 | 0.8700 | 6.119 | 0.9603

0.05 | 0.4738 | 0.9067 | 0.4329 | 0.331 | 1.094 | 18.80 | 2.046 | 0.028 | 3.076 | 1.015 | 3.395 | 1.120

0.02 | 0.5040 | 0.8838 | 0.3798 | 0.0809 | 0.682 | 2.805 | 1.992 | 0.008 | 1.879 | 1.583 | 2.074 | 1.747

0.01 | 0.5039 | 0.8756 | 0.3717 | 0.0400 | 0.414 | 1.368 | 1.469 | 0.004 | 1.856 | 1.923 | 2.048 | 2.123

Nature of the complexation involving NCS and FA electrochemically.

Through using given equations [43-48], the stability constants (BMX) for CoSO4 complexes at each
addition are computed:

AE° = (E°c - E°m) =2.303 (RT/nF) * (log Pux + j log Cx) (7)

E* = (Epa + Epc)/2 (8)

AG = (-2.303 RT log Bux ) 9)

Where; R was a gas constant (8.314 J.mol*.degree), T was the absolute temperature, j was the
coordination number of the stoichiometric complex, and Cx was the amount of FA in the solution. Where E *"M
was the formal peak potential of metal EC was the formal peak potential of the metal complex following each
addition of FA, and at last adding in the missing of FA. Epa and Epc were the anodic and cathodic peak
potentials, respectively, and the stability constant (BMX).was used to calculate the Gibbs free energy of contact
(G) for NCS with FA.

Fig. 9 depicts the relationship between the Gibbs free energy and stability constant of CoSO4
complexes with FA.

The enthalpy (H) of contact for NCS with FA was estimated utilizing Van't Hoff formula (10).

PADiat(T)  4H I:TT- )
BMK at (T  z.203 "T.-T,

log (10)

where T, and Ty are both 292.15 K and 297.15 K, respectively, and pMX was the stability constant at various
temperatures.
Additionally, using Eq., the entropy (S) for the synthesized complex among NCS and FA at the two various
temperatures was being estimated (11)

(45 = i“f“ ) (11)

The obtained values of Bmx, AG, AH, and AS of the synthesized complex were shown in Table.5.
It was observed positive entropy values, negative free energies indicating spontaneous reactions and
positive enthalpies due to reactions are endothermic. By raising FA, the Gibbs free energies increased, indicates

a greater contact.
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Fig.(9): The relationship among both Gibbs free energy and Stability constant values for the prepared Complex
at (a) 292.15K (b) 297.15K.

Table.5: stability constant Bux, enthalpy AH ,Gibbs free energy AG and The entropy of connection AS for the
synthesized complexes at 292.15 and 297.15K.

Conc | Conc , .

ofM] | of [L] i log Bj Gibbs free energy AH (KJ/mol) entropy
x10% | x10* 292.15K 297.15 292.15K 297.15

9.041 | 1.370 | 0.0152 0.2310 0.4979 -1.2921 -2.8327 716.58 2.457
8.919 | 2.703 | 0.0303 0.1429 0.4001 -0.7994 -2.2763 930.64 3.188
8.800 | 4.000 | 0.0455 0.3776 0.4407 -2.1120 -2.5076 388.07 1.336
8.684 | 5.263 | 0.0606 0.5187 0.4813 -2.9017 -2.7385 296.07 1.023
8.571 | 6.494 | 0.0758 0.9448 0.6206 -5.2849 -3.5312 218.39 0.766
8.354 | 8.861 | 0.1061 1.3928 0.5484 -7.7909 -3.1200 130.89 0.475
8.250 | 10.00 | 0.1212 1.6407 1.0297 -9.1779 -5.8586 208.64 0.746
8.148 | 11.11 | 0.1364 1.7029 2.2960 -9.5258 -13.0631 448.22 1.567
8.049 | 12.20 | 0.1515 1.8177 2.2964 -10.1677 | -13.0653 419.99 1.472
7.952 | 13.25 | 0.1667 1.9089 2.2582 -10.6778 | -12.8482 393.28 1.383
7.857 | 14.29 | 0.1818 2.1147 2.2959 -11.8291 | -13.0626 360.93 1.276

V —-CONCLUION
The redox behavior of nano cobalt salt (NCS) in absence and existence of the fuchsin acid (FA) was
studies at both various temperatures by new stuffed nano composite glassy carbon electrode. The solvation
cyclic voltammetry data was obtained and their values were compared. The different thermodynamic parameter,
stability constant, Gibbs free energies of solvation, entropies and enthalpies of solvation indicate the
complexation of cobalt ions and fuchsin acid (FA). At last, through using Molecular Operating Environment
(MOE) and human Myosin 9b RhoGAP domain crystalline phase at 2.2 Angstrom, a molecular modelling study

was conducted to explain the studied anticancer activity of FA (5C5S).
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