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Abstract

The cyclic voltammetry of potassium chromate, K>CrO4 was studied in 0.1 mol/L HCI at 291.15 and 299.15 K, respectively,
using a glassy carbon electrode. The effects of various scan rates were studied in this medium. Cyclic voltammetry was also
done for potassium chromate in the presence of Orange G dye at 291.15K and Giemsa stain dye at 299.15K, and further scan
rate effects were discussed. The stability constants and Gibbs free energies of complexation resulting from the interaction of
chromate ions with dyes were evaluated and found to be complexation reactions. All the Nicholson parameters for potassium
chromate are increased by increase of orange G or giemsa Stain dyes concentration indicating the possibility for using this
medium as leaching solution. The molecular Gibbs free energies for potassium chromate are increased by increase dyes
concentration till it reached -62.846 K.J using 2 x10° M Orange G dye and -44.951 K.J using 2x10 M Giemsa Stain dye,
The stability constants and Gibbs free energy of complexation of potassium chromate with dyes are decreased by decrease of
the scan rate till they reached to 3.069 and -17.107 K.J using 2 x10-* M Orange G dye and 5.056 and -28.961 K.J using 2x10-*
M Giemsa Stain dye for log stability constant and Gibbs free energy of complexation using scan 0.01 V/Sec scan. Molecular
docking was also performed for studying the binding modes between Orange G or Giemsa Stain dyes and active sites of the
structure of the SARS-CoV-2 N protein (7NOR).

Keywords electron transfer; rate constant; stability constant; Gibbs free energy of complexation; charge transfer coefficient; diffusion
coefficient

and studied with several substances in different

1. Introduction

The cyclic voltammetry technique is almost used to
study the electrochemical properties of the analyte in
solutions [1-3]. Cyclic voltammetry is a method to
study information about the ions by measuring the
current generated versus the applied voltage to the
working electrode. Potential is measured between the
working electrode and the counter electrode [4].
Potassium chromate is an inorganic
substance which is available and commonly used in
chemistry. Many studies are aimed to investigate the
inhibitive characteristics of potassium chromate on
corrosion behaviour as it is so difficult to oxidize [5].
The reduction of potassium chromate was carried out

researches [6].

The objective of this work was investigation
of the reduction process of potassium chromate in
acidic medium cyclic voltammetrically.The potential
reduction of Cr(VI) can be determined from the
cathodic peak value of cyclic voltammetry.The
cathodic peak was a peak which formed during the
reduction of the most negative current. The potential
range was varied so that the Cr(VI) would be reduced
at the electrode surface. The supposed reduction
mechanism of chromate involves the following two
steps [7]:

Rt S
Cr(VI)+ 26 == Cr{IV)+ | <=5 Cx(ll}
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The first step is more rapid than the second one since
no coordination change is involved, but the second
step requires oxygen coordination for changing from
tetrahedral to octahedral and is consequently slower
than the first step. The ion Cr(IV)O4™ is a far superior
electron donor than Cr(VI)O4? [8].
7-Hydroxy-8-(phenylazo)-1,3-naphthalenedisulfonic
acid disodium salt (Orange G dye) and7-
(dimethylamino)-3H-phenothiazin-3-iminiumchloride
(Giemsa Stain dye) [9] (Fig. 1, 2).

Orange G (OG) belongs to the class of azo dyes. It is
a type of monoazo and anionic dye which is
dissolved in water and stable at all pH values [10]. It
is present as a sodium salt in two tautomeric forms in
aqueous solution, while organic solvents favour the
azo form [11]. It has been used for different
applications, such as medication and as a colourant
for cosmetics, before it was subsequently abandoned
[12]. Nowadays, it is used in the textile and printing
industries for dyeing of materials (such as silk and
wool), paper, leather products, etc. Furthermore,
Orange G is likewise used in histology in different
staining formulations and is also essential to
pathologists [13]. The colour of Orange G is due to
the presence of an azo group, while the auxochromes
(—OH, —S0s, etc.) enhance the affinity of the dye
[14]. The azo bonds are being adsorbed onto the
surface of an adsorbent by a covalent bond, that
makes it more resistant to harsh conditions [15].

ONa
0=8=0 N"N@
OH
e
NaO~S

Fig. 1 Structure of Orange G Dye

The stain is usually prepared from commercially
available Giemsa powder. Giemsa Stain is specific to
the phosphate groups of DNA and attaches itself to
where there are big amounts of adenine-thymine
bonding.

Giemsa Stain is performed on paraffin sections. It is
used to stain the blood cells of hematopoietic tissues.
It can also be applied to all tissue sections in which the
presence of microorganisms is suspected. This staining
does not differentiate gram-positive and gram-negative
bacteria [16].
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Fig. 2 Structure of Giemsa Stain (GS) dye.

2. Experimental
2.1. Chemicals

The chemicals used like hydrochloric is provided by
Sigma Aldrich Company. Potassium chromate is also
provided by Sigma Aldrich Company. Orange G and
Giemsa Stain dye are produced by Rankem Company.

2.2. Electrolytes

Cyclic voltammetry measurements were performed
using 0.1 mol/L HCI. HCI solution was prepared by
diluting 37% concentrated acid. The solution of
potassium chromate (K>CrO,) salt was prepared by
appropriate dilution from a
19.479 x 10~ kg in 1 litter (0.1 mol/L). The solution of
Orange G dye was prepared by appropriate dissolving
4.524 x 103 kg in 1 litter (0.01 mol/L) while Giemsa
Stain dye was prepared by dissolving 291.8 x 1073 kg
in 1 litter (0.01 mol/L). potassium chromate Orange G
and Giemsa Stain dyes were dissolved in de-ionized
water.

2.3. Electrodes

The three electrode system was joined to the DY2000
potentiostat. A commercial glassy carbon electrode
was used as the working electrode. The platinum wire
auxiliary electrode was used and an Ag/AgCl
electrode filled with saturated KCI was used as a
saturated reference electrode [17-21]. The cell used is
a four neck vessel with a capacity of 0.1 L.

2.4. Molecular Docking

The Molecular Operating Environment (MOE) was
used as molecular modeling. The molecular modeling
and computational calculations were carried out by
using DS Biovia material studio 2017, software
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material studio 07.0, Gaussian 09 and Docking Server
software.

3. Results and Discussion

3.1. Cyclic voltammetry of Cr(VI)

The cyclic voltammograms for  different
concentrations of Cr(VI)were preceded by 3 x 102 L
of 0.1 mol/L HCI at 291.15K and 299.15K. The
resulting data is shown in Fig. 3 and 4 in the range of
(1.0V to -1.0V) and (0.7V to -0.1V) starting with
1.0V and -1.0V demonstrating the reduction process.
The range of Cr(VI) concentrations used is from
0.332 x 107 to 6.25 x 10° mol/L. The reduction
wave appears at ~ 0.3 V. We noticed a big reduction
wave corresponding to 3 electrons.

The reduction peaks correspond to the following
mechanism of reduction:

i Rapid i Slow
Cr(V]) + 26 =——= Cr(IV) + le =——= Cx(Ill)

—— 0.0ml
—0.1.ml
—— 0.2ml
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Fig. 3 Cyclic voltammetry of the addition of different amounts of
Cr(VI) 0.1 mol/L to 3 x 102 L HC1 0.1 mol/L, Scan rate 0.1 V. S-'at
291.15K using a glassy carbon electrode.

3.1. Estimation of the cyclic voltammetry data

The different equations [16] applied to the reduction
reaction of Cr(VI) are calculated [22-30] such as D¢
which is the cathodic diffusion coefficient [31-33].
The heterogeneous electron rate constant from solution
to working electrode material was evaluated [34-39].
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Fig. 4 Cyclic voltammetry of the addition of different amounts of
Cr(VI)0.1 mol/L to 3 x 102 L HC1 0.1 mol/L, Scan rate 0.1 V. S-'at
299.15K using a glassy carbon electrode.

The above parameters can be evaluated for the
reduction peak at ~ 0.3 V. [30,45], and the resultant
values are presented in (Table 1 - 2).

We noticed the following from (Table 1 - 2):

1 — AEp is a small amount in the range of reversible
processes.

2 — iy values are increased by an increase in Cr (VI)
concentrations.

3 — Increasing Cr (VI) concentrations significantly
increases the catholic D. diffusion coefficients,
indicating a reversible reaction.

4 — Cathodic surface coverage I'c values are increased
by an increase in the concentration of Cr (VI)
favouring more diffusion.

5 — The cathodic quantity of electricity Q. and values
are largely increased by the increase in the chromium
ion concentrations, supporting the diffusion
mechanism of the reaction.

3.2. Effect of scan rate on Cr(VI)

The effect of scan rate on Cr (VI) [6.250 x 10
’mol/L] was investigated in both HCIl media, and the
data found in (Table 3, 4) shows that a decrease in
scan rate resulted in an increase in the different
solvation parameters, indicating a diffusion-
controlled reaction. (Fig. 5, 6) also shows the effect
of scan rate on the reduction reaction of the final
concentration used of Cr(VI) at 291.15K and
299.15K.
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Table 1

shows the thermodynamic and kinetic properties of Cr(VI) at 291.15K and 0.1 V.s'! scan rate in HCl medium.

Epe Tpe x10° D, x10 (+) Q. x10°
3 -1 P P c 10 2 ¢
[M] x103 mol.LL Volt Amp Olnac eml.s! I'ex10' mol.cm C
0.332 0.386 0.123 1.370 0.0324 0.073 0412
0.662 0.386 0.335 0.997 0.083 0.197 1.121
0.990 0.386 0.636 0.953 0.138 0.373 2.119
1316 0.386 1.580 0.891 0.522 0.930 5.285
1.639 0.386 2.936 0.808 1.279 1.727 9.820
1.961 0.386 4.424 0.723 2.268 2.603 14.797
2.280 0.386 5.293 0.696 2.495 3.114 17.707
2.597 0.386 7.699 0.649 4.362 4.529 25.753
2913 0.386 9.157 0.628 5.066 5.387 30.631
3.226 0.386 9.867 0.556 5.419 5.805 33.006
3.846 0.386 11.448 0.550 5.187 6.735 38.293
4.459 0.386 16.027 0.541 7.695 9.429 53.610
5.063 0.386 16.820 0.525 6.770 9.896 56.265
5.660 0.386 18.890 0.521 6.891 11.114 63.190
6.250 0.386 20.519 0.515 6.744 12.072 68.636
Table 2
shows the thermodynamic and kinetic properties of Cr(VI) at 299.15K and 0.1V.s"'scan rate in HCl medium.
[M] x103 E,c Volt Ipe x10° Amp Ep/2 Olpac D, x107 cm?.s! I'ex10' mol.cm (+) Q. x10°C
mol.L! 2
1.316 0.184 0.106 0.241 0.836 0.248 0.638 0.363
1.961 0.258 0.363 0.331 0.664 1.664 2.195 1.248
2.597 0.260 0.509 0.333 0.657 1.887 3.080 1.751
3.226 0.297 0.703 0.370 0.653 2.342 4.250 2.417
3.846 0.303 0.906 0.380 0.622 2.877 5.479 3.115
4.459 0.308 1.084 0.398 0.529 3.598 6.551 3.725
5.063 0.310 1.259 0.402 0.518 3.844 7.613 4.329
6.250 0.311 1.712 0.404 0.516 4.680 10.347 5.883
Table 3 Cyclic voltammetry of Cr(VI) [6.250 x10-*mol/L] at different scan at 291.15K in HCI media
v E,c Ip.cx103 D, x107 5 5 (+) Qx10*
V.s'! Volt Amp e cm?.s’! Te x10°mol.cm C
0.100 0.386 20.519 0.515 6.744 1.207 0686
0.050 0.422 12.971 0.617 4.500 1,526 0.868
0.020 0.465 7.970 1.006 2.603 2.344 1.333
0.010 0.483 5.978 1.234 2.388 3517 2.000
Table 4 Cyclic voltammetry of Cr(VI) [6.250 x10-*mol/L] at different scan at 299.15K in HCI media
5
vV.s! E,.Volt I x10* Amp Olnac D, x107 cm?.s! I'. x10°mol.cm™ ™) QCC x10
1.711 0.516 4.680 1.035 5.883
0.100 0.311
1.144 0.661 3.261 1.383 7.862
0.050 0.341
0.699 0.908 2219 2.113 12.015
0.020 0.406
3.388 19.262
0.010 0.457 0.560 1.447 1.789
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Fig. 5 Cyclic voltammetry of 2 x 10-* L of Cr(VI) 0.1 mol/L + 3 x102 L
HC10.1 mol/L at different scan rates at 291.15 K, using a glassy carbon
electrode.
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Fig. 6 Cyclic voltammetry of 2 x 10 L of Cr(VI) 0.1 mol/L + 3 x102 L
HC10.1 mol/L at different scan rates at 299.15 K, using a glassy carbon
electrode.

3.3. Effect of adding of Orange G or Giemsa Stain dye

Different concentrations of Orange G or Giemsa dye were
added to 6.250 x 10°mol/LCr(VI), within the
(1.0 V to -1.0 V) and (0.7V to -0.1V) potential range in
HCL medium at 291.15K and 299.15K respectively as
shown in (Fig. 7, 8), and the results are shown in (Table 5,
6).

3.4. Effect of adding Orange G or Giemsa dye on ipc for
Cr(VI)

In the presence of HCl media, the linear fit of iy for
Cr(V]) in case of adding Orange G dye was drowned, and
we prove from them that the increase in reduction current
for the Cr(VI) wave by increasing the dye concentration
followed by a decrease in reduction current by increasing
the amount added from dye, which is due to the

Egypt. J. Chem. 66, No. 9 (2023)

complexation behaviour between Cr(VI) and the Orange
G dye. (Fig. 9).

While in case of Addition of Giemsa stain dye, we find a
decrease of reduction current for the Cr(VI) wave by
increasing the Orange G concentration due to the
complexation behavior between Cr(VI) and the Orange G
dye. (Fig. 10).
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Fig. 7 Cyclic voltammetry of 2 x 10 L Cr(VI) 0.1 mol/L +3 x 102 L
HC1 0.1 mol/L in presence of different amounts of Orange G dye 0.01
mol/L, Scan rate 0.1 V. s"'at 291.15 K using a glassy carbon electrode.
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Fig. 8 Cyclic voltammetry of 2 x 103 L Cr(VI) 0.1 mol/L +3 x 102 L
HC1 0.1 mol/L in presence of different amounts of Giemsa dye 0.01
mol/L, Scanrate 0.1 V. s''at 299.15 K using a glassy carbon electrode.
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Fig. 9 Change of iycof Cr(VI) by increasing concentration of Orange G
dye in HCI media.
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Fig. 10 Change of i,cof Cr(VI)by increasing concentration of Giemsa
stain dye in HC] media.

We also noticed the following remarks from
(Table 5, 6):
1 - The Epc shift favoursCr(VI)-Orange G dye and Cr(VI)-
Giemsa Stain dye interaction.
2 - AEpis decreased by an increase in Orange G dye or
Giemsa stain dye concentration, favouring complex
reactions.
3 - ipincreaseed by increasing the dye concentration,
followed by a decrease in its value by increasing the
amount of orange G dye added,while in case of addition
of Giemsa Stain dye ip. decreased in their values,
compared to the absence of the dye, favouring interaction
between the metal ions and the dye.
4 - D¢ increased by increasing the dye concentration,
followed by a decrease in its value by increasing the
amount of Orange G dye.WhileD decreases in their
values, compared to the absence of the Giemsa Stain dye,
favouring complex reactions.
5 - anadecreased by increase of Orange G or Giemsa Stain
dye concentration due to the attraction of dye with Cr(VI).
6 - I increased by increasing the dye concentration,
followed by a decrease in its value by increasing the
amount of Orange G dye,while/; decreased in their
values, compared to the absence of the Giemsa Stain dye,
favouring interaction between the metal ions and the dyes.
7 - Increased of Q. followed by a decrease in its values for
Cr(VI)by increase the amount of Orange G dye, while
increased of Q. values for Cr(VI) by adding Giemsa Stain
dye than Cr(VI) alone.

3.5. Effect of different scan rates on Cr(VI) with Orange
G or Giemsa Stain dye complex

The effects of different scan rates on the interaction of
Cr(VI) with Orange G or Giemsa Stain dye were
investigated, and the results are shown in (Fig. 11, 12).
Most of the data is given in (Table 7, 8). It was noticed
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that the values increased with the decrease in scan rate,
such as /¢ and Q..
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Fig. 11 Cyclic voltammetry of 2 x 10-3 L Orange G dye 0.01 mol/L + 2
x 103 L Cr(VI) 0.1 mol/L +3 x 102 L HC1 0.1 mol/L at 291.15K using
a glassy carbon electrode at different scan rates.
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Fig. 12 Cyclic voltammetry of 2 x 10-* L Giemsa Stain dye 0.01 mol/L
+2x 103 L Cr(VI) 0.1 mol/L + 3 x 102 L HC1 0.1 mol/L at 299.15K
using a glassy carbon electrode at different scan rates.

On drawing the relation between peak currents ip. and
the square root of scan rate (v'"?), straight lines were
obtained as shown in (Fig. 13, 14) at 291.15K and (Fig.
15, 16) at 299.15K. The slopes of the line indicate the
diffusion reaction mechanism in the presence and
absence of dyes.

204 M ipc
Linear fit of iy

T T T T T 1
0.10 0.15 0.20 0.25 0.30 0.35
SQRT of Scan Rate

Fig. 13 Relation (i Vs. v'?) for Cr(VI)at final addition in different scan
rates at 291.15K.
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Table 5
Kinetic and solvation parameters of Cr(VI) in presence of Orange G dye at 291.15 K and 0.1 scan rate in HCl media

[;]dx iof [M] x10° mol.L" \Ef,h Ivzi‘nlpos O Dexl07emis'  Txl0®molem? () Qéx“)"
0.000 6.250 0.386 20.519 0.515 6.744 12.072 6.864
0.312 6.250 0.348 22.251 0.463 8.876 13.091 7.443
0.621 6.250 0.323 22.847 0.434 10.040 13.441 7.642
0.929 6.250 0.301 23.392 0.424 10.849 13.762 7.825
1.235 6.250 0.285 25510 0.405 13.579 15.008 8.533
1.538 6.250 0.266 26.553 0.386 15517 15.622 8.882
1.840 6.250 0.246 27.380 0.362 17.733 16.108 9.159
2.140 6.250 0.232 28.044 0.347 19.528 16.499 9.381
2.439 6.250 0.227 29.172 0.347 21.239 17.162 9.758
2.736 6.250 0.220 27.894 0.347 19.530 16.411 9.331
3.030 6.250 0.207 25319 0.338 16.614 14.896 8.469
4.192 6.250 0.183 21.615 0.306 13.730 12.716 7.230
4.762 6.250 0.172 18.419 0.296 10.430 10.836 6.161
5.325 6.250 0.165 16.743 0.300 8.585 9.850 5.601
5.882 6.250 0.157 13.660 0.303 5.736 8.036 4.569

Table 6
Kinetic and solvation parameters of Cr(VI) in presence of Giemsa Stain dye at 299.15 K and 0.1 scan rate in HCI media
[mﬁg 3 \I,E(';lt '“;’r:g Ep/2 O D x107cm?s!  Tex10 molem?  (+) Q. x105 C
6.211 0.367 1.550 0.424 0.834 2.406 9.371 5.328
6.173 0.380 1.398 0.445 0.743 2223 8.452 4.806
6.135 0.382 1.292 0.447 0.733 1.947 7.808 4.439
6.098 0.383 1.011 0.449 0.723 1.224 6.109 3.473
6.061 0.402 0.948 0.469 0.711 1.109 5.732 3.259
6.024 0.410 0.900 0.4780 0.706 1.019 5.443 3.095
5.988 0.419 0.679 0.488 0.701 0.590 4.104 2.333
5.952 0.444 0.651 0.514 0.691 0.558 3.937 2.238
5917 0.453 0.552 0.524 0.681 0.411 3.334 1.896
5.882 0.460 0.440 0.531 0.673 0.268 2.661 1.513
Table 7
Effect of different scan rates on Cr(VI) with Orange G dye complex at 291.15K in HCI media
v V.St E,. Volt Irc x10° Amp D x107 cm?.s! Olpac T, x10'° mol.cm™ *) Qé x10°
0.100 0.157 13.660 57.357 0.303 8.036 4.569
0.050 0.222 9.338 40.653 0.399 10.987 6.247
0.020 0.268 6.345 36.337 0.516 18.666 10.613
0.010 0.304 4.386 25.519 0.702 25.805 14.672
Table 8
Effect of different scan rates on Cr(VI) with Giemsa Stain dye complex at 299.15K in HCI media
V.VS'l E,. Volt I x10° Amp D x107 cm?.s! Olpac T x10°mol.cm? *) QéX104
0.100 0.460 4.401 0.268 0.673 0.267 0.151
0.050 0.473 3.828 0.424 0.644 0.463 0.263
0.020 0.486 3.313 0.813 0.628 1.001 0.569
0.010 0.493 3.080 1.414 0.624 1.862 1.059

Egypt. J. Chem. 66, No. 9 (2023)
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Fig. 14 Relation (i Vs. v'2) for Cr(VI)at final addition of Orange G
dye at 291.15K.
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Fig. 16 Relation (ip. Vs. v!?) for Cr(VI)at final addition of Giemsa
Stain dye at different scan rates at 299.15K
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Fig. 17 Relation (Ee»/log v Vs v) for Cr(VI)at final addition at
291.15 K.
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Fig. 20 Relation (Epe»/log v Vs v) for Cr(Vl)at final addition of
Giemsa Stain dye at 299.15 K.

3.6. Thermodynamic parameters for interaction of
Cr(VI) with Orange G or Giemsa Stain dye

We used the Langne equation as explained in
previous work [24, 30] to calculate the stability
constant and Gibbs free energies of complexation for
the interaction between Cr(VI) and Orange G and
Giemsa Stain G dyes. The evaluated data was given
in (Table 9, 10) with the effect of the scan rate data
shown also in (Table 11, 12). Very Ilarge
thermodynamic stability constants f and Gibbs free
energy AG of complexation
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Table 9

Stability constant for Cr(VI) in presence of Orange G dye at 291.15 K and scan rate 0. 1 V.s™! in HCl medium

o ol J LoglL] log P (imol (imo)
0.312 -0.038 0.005 -7.507 1.940 10816.833 10.817
0.621 -0.063 0.010 -7.207 3.181 17735.390 17.735
0.929 -0.085 0.015 -7.032 4312 24037.190 24.037
1.235 -0.101 0.020 -6.908 5.093 28391.453 28.391
1.538 -0.120 0.025 -6.813 6.078 33882.490 33.882
1.840 -0.141 0.030 -6.735 7.098 39569.120 39.569
2.141 -0.154 0.035 -6.669 7.776 43349.227 43.349
2.439 -0.159 0.040 -6.613 8.006 44628.794 44.629
2.736 -0.167 0.045 -6.563 8.351 46556.510 46.557
3.030 -0.179 0.050 -6.519 8.972 50016.531 50.017
4.192 -0.203 0.070 -6.378 10.099 56301.531 56.302
4.762 -0.214 0.080 -6.322 10.609 59142.850 59.143
5.325 -0.221 0.090 -6.274 10913 60836.828 60.837
5.882 -0.229 0.100 -6.230 11.273 62845.671 62.846

Table 10
Stability constant for Cr(VI) in presence of Giemsa Stain dye at 299.15 K and scan rate 0. 1 V.s”! in HCl medium
[nlﬂﬂx ng4 AVE j Log [L] Log fj (J/?n(f)l) (KJA/riol)
0.621 0.056 0.010 -4.207 2.884 -16521.845 -16.522
1.235 0.069 0.020 -3.908 3.639 -20845.355 -20.845
1.840 0.070 0.030 -3.735 3.763 -21555.445 -21.555
2.439 0.072 0.040 -3.613 3.899 -22335.498 -22.335
3.030 0.090 0.050 -3.519 4.896 -28043.235 -28.043
3.614 0.099 0.060 -3.442 5.391 -30880.787 -30.881
4.192 0.108 0.07 -3.378 5.921 -33914.218 -33.914
4762 0.133 0.08 -3.322 7.232 -41422.134 -41.422
5.325 0.142 0.09 -3.274 7.756 -44423.955 -44.424
5.882 0.149 0.1 -3.230 8.148 -46669.268 -46.669
Table 11
Stability constant for different scan rates for Cr(VI) with Orange G dye complex at 291.15 K in HC] media
v AE mv Log[L] Log Bj -AG (J/mol) -AG (KJ/mol)
0.100 -0.229 -6.230 -11.273 62845.671 62.846
0.050 -0.214 -6.230 -10.506 58568.696 58.569
0.020 -0.197 -6.230 -9.591 53467.880 53.468
0.010 -0.179 -6.230 -8.676 48366.321 48.366
Table 12
Stability constant for different scan rates for Cr(VI) with Giemsa Stain dye complex at 299.15 K in HCl medium
v AE mv Log[L] Log Bj AG (J/mol) AG (KJ/mol)
0.100 0.149 -3.230 8.148 -46669.268 -46.669
0.050 0.131 -3.230 7.260 -41584.889 -41.585
0.020 0.080 -3.230 4.656 -26667.121 -26.667
0.010 0.036 -3.230 2.449 -14025.911 -14.026
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[25-45] were obtained, indicating a very strong
complexation interaction is happening for the interaction
between Cr(VI) and Orange G Giemsa Stain G dyes,
forming very strong covalent bonds.

3.7. Molecular docking

SARS-CoV-2 (or 2019-nCoV) belongs to lineage B of the
B-coronavirus genus [46]. Coronaviruses are relatively
large enveloped, positive-sense, single-stranded RNA
(~30 kb) viruses. The SARS-CoV-2 genome encodes four
structural proteins and other accessory or non-structural
proteins (including the viral ppla-pplab replicase, the 3C-
like protease (3CLpro), the papain-like protease (PLpro),
and the RNA-dependent RNA-polymerase (RdRp) [47,
48].

A molecular modeling study using the Molecular
Operating Environment (MOE) was performed for
studying the binding modes between Orange G or Giemsa
Stain dyes and active sites of the structure of the SARS-
CoV-2 N protein (7NOR), the active antigen for covid-19
virus (Fig. 21-24). The orange G dye interaction report
data is shown in (Fig. 25), which is copied from the
calculation showing interactions through H-acceptor,
ionic and pi-H between the protein and orange G dye.
While the report data of Giemsa stain dye appeared in
(Fig. 26), the interaction happened through H-acceptor,
pi-H and pi-pi.

Fig. 21 3D of'the binding mode of Orange G with (7NOR) receptor.
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Fig. 23 3D of the binding mode of Giemsa Stain dye with (7NOR)
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Fig. 24 2D of the binding mode of Giemsa Stain dye with (7NOR)
receptor.

7NeR: VIRAL PROTEIN/IMMUNE SYSTEM / 7NeR

Ligand Receptor Interaction Distance E (kcal/mol)
0o 4 NHL ARG 107 (B) H-acceptor  2.81 -8.8
0o 4 NH2 ARG 107 (B) H-acceptor  3.29 -0.6
0 5 N ALA 156 (B) H-acceptor 2.94 -3.4
0 6 OH TYR 109 (B) H-acceptor 2.84 -2.6
0o 9 NH1 ARG 149 (B) H-acceptor 2.93 -5.9
0 3 NH2 ARG 149 (B) Ionic 3.01 -4.4
0 4 NH1 ARG 107 (B) Ionic 2.81 -5.9
0 4 NH2 ARG 107 (B) Ionic 3.29 -2.8
0 5 NH1 ARG 149 (B) Ionic 3.60 -1.5
0 9 NH1 ARG 149 (B) Ionic 2.93 -5.0
0 9 NH2 ARG 149 (B) Ionic 3.95 -0.6
6-ring (B THR 54 (B) pi-H 4.03 -0.6
6-ring N ALA 55 (B) pi-H 4.08 A

Fig. 25 The orange G dye interaction report data with (7NOR) receptor.
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NGR: VIRAL PROTEIN/IMMUNE SYSTEM / 7NOR

Ligand Receptor Interaction Distance E (kcal/mol)
N3 ND2  ASN 75 (B) H-acceptor  3.50 -0.5
6ring N2 AN 77 (B) pi-H L3 -1
6-ring 6-ring TRP 52 (B) pi-pi 3.78 -0.0

Fig. 26 The Giemsa Stain dye interaction report data with
(7NOR) receptor.

4. Conclusions

As seen in (Table 9, 10), the stability constants
and Gibbs free energies of complexation are
increased by the increase in Orange G and Giemsa
Stain dyes. (Table 11, 12) show that the
thermodynamic parameters given are increased by the
decrease in scan rate supporting the diffusion
mechanism reaction.
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