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Abstract

For lump lead nitrate (Pb (NO3)2) in pure water, the affiliation and thermodynamic association characteristics were assessed at
298.15, 303.15, 308.15, and 313.15K. based on the lump Pb(NO3)2 molar conductance, Estimates were made for the parameters
of the solvation, such as the activity coefficient, enthalpy of association, free energy of association, association constant and
entropy of association. From the interaction of bulk Pb(NO3)2 with Orange G. There were two stoichiometric complexes
produced. 1:1 and 1:2 In the case of 1:1 (Pb(NO3)2/ Orange G) compared to 1:2 (Orange G in pure water as solvent), the
complex Kfand AGf are higher, indicating simpler complex formation. Temperature increase resulted in a drop in the formation
constants. The complexation's negative AGf values demonstrate that the process of complex synthesis was spontaneous and that
the temperature improved the spontaneity. Finally , Orange G and its lead complex with the crystalline structure for the human
prostate specific antibody (PSA) in a Fab sandwich have been subjected to molecular docking with a high affinity. Utilizing
Docking Server software, Gaussian 09, DS Biovia Material Studio 2017, Material Studio 07.0, and molecular modelling and
computational computations were completed

Keywords: Orange G, Lead nitrate salt, Conductometry, Association and Thermodynamic parameters, Molecular docking, Human prostate
specific antigen (PSA).

plant's machinery, especially in the boilers, cooling
1. Introduction towers, and heat exchangers. There are numerous
methods for treating water, and each one has a unique
purpose. Demineralization, or the elimination of all or
almost all contaminants, is frequently the intended
outcome. In some instances, the intention is to
eliminate only a certain contaminant, such as hardness
ions (calcium and magnesium). Since conductivity
measures the entire ion concentration [8 , 9]. analyzing
complexation  processes in  various  solvent
formulations and interpreting them in terms of the
solute being solvated preferentially by a component of
the solvent [10-12]. In this work, Calculations of
conductivity were done utilizing lump Pb(NOs); in
H20 in the lack and in the presence of Orange G. lead
compounds have received a lot of attention lately
because they perform a big part in a lot of biochemical
processes and are used in so many various industries
including industrial and medicinal chemistry [13-16].

An electrolyte solution's conductivity is an
indication of how well it conducts electricity. Siemens
per meter (S/m) is the Sl unit for conductivity [1,2].
The number of ions in a solution may be quickly,
cheaply, and accurately determined using conductivity
measurements in various industrial and environmental
applications [3-5]. For instance, one common
technique for monitoring changes in the effectiveness
of water purification systems over time is the
measurement of product conductivity. One of the
most precise physical methods for evaluating the
electrolyte of solutions is conductance measurement
[6,7]. Measurements of conductivity are commonly
utilized in industry. Water treatment is one of the most
crucial applications since untreated water from a lake,
river, or a pipe is usually ineffective for industrial
usage. If the contaminants in the water are not
removed, they will cause corrosion and scale in the
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Antibiotics, often known as antibacterials, are
antimicrobial drugs that are used to treat and prevent
bacterial infections. These compounds may kill or
inhibit bacteria. Only a few antibiotics have
antiprotozoal activity [17]. The characteristic azo dye
Orange G (OG), found in textile greywater, has been
the subject of 75 in-depth studies. The Papanicolaou
stain colours keratin using Orange G. It plays a
significant role in the pollen staining Alexander test as
well. In the trichrome methods, it is typically used with
some other yellow dye to stain erythrocytes.
[18,19,20].

Using Docking Server, allows docking calculations to
be carried out on the Orange G protein model [21].
Rotatable bonds; were defined, merging the non-polar
hydrogen atoms and adding Gasteiger partial charges
to the atoms of the ligand, by using the AutoDock tools
also; Additional information was provided regarding
the solvation parameters, Kollman unity atom type
charges, and necessary hydrogen atoms. [22].

2. Experimental work
2.1. Materials and Solvents
Pure lead nitrate salt [Pb(NO3):] supplied
Sigma, Orange G (OG) from Ranken Lab, isolated
potassium chloride salt (KCI) from Sigma-Aldrich,
and improved water generated with a specified
conductivity of 4.1 puS cm™' were the compounds
employed in the current study.

Orange G (OG)
(disodium;7-hydroxy-8-
phenyldiazenylnaphthalene-1,3-disulfonate

C16H10N2Na207S2
452.38 g/mol

Formula
Mol. wt.
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2.2. Conductance measurements

The conductance of a lead nitrate solution,
pb(NO3), (103 M), was measured while a titration cell
containing the solution was thermostated at a specified
temperature. A precaliberated micropipette was used
to quantify the conductivity of the mixture after each
transfer of the Orange G ligand (10 M) to the titration
cell. Up until the overall ligand concentration was
around four times greater than the total concentration
of metal ions, the ligand solution was added
continuously. After each addition, the solution's
conductivity was assessed. Applying computer fitting
to the molar conductance mole ratio data, We studied
the molar conductance of the complex ML as well as
the complex formation constant Kf.Temperatures
(298.15, 303.15, and 308.15) are employed. After
each addition, the solution's conductance was gauged.
Through computer fitting to the molar conductance
mole ratio data, the complex formation constant Kf
and the molar conductance of the complex ML were
assessed. (298.15, 303.15, 308.15, and 313.15) K are
the used temperatures. An ultra-thermostat of the
Kottermann 4130 type was used to maintain the
temperature constant at the proper value with 0.004 °C
of variance in order to obtain the specific conductivity
Ks with a cell constant of 1.04 cm* and (0.1 S cm™) of
a variance. Solutions containing potassium chloride
were employed to calibrate the cell.

2.3. Molecular Docking

It was decided to use the Molecular Operating
Environment (MOE) to illustrate why certain
chemicals have antiviral activity. The structural model
was constructed using the MOE BUILDER module,
and in a two-step procedure, optimization
conformational evaluations of the produced molecules
were performed. First, the semiempirical PM3
Hamiltonian with Restricted Hartree-Fock (RHF) and
an RMS gradient of 0.05 Kcal/mol was used to
optimize the geometry of these compounds. This was
done using the integrated MOPAC 7.0 energy
minimization tool. The generated model was then
applied to the MOE's "Systematic Conformational
Search.".

Orange G and its lead complex with the
crystal structure of the human prostate specific antigen
(PSA) in Fab sandwich had been subjected to
molecular docking with a high affinity. Utilizing
molecular modelling and computational computations
were completed.

3. Results and Discussion
3.1. Estimation of thermodynamic parameters
using conductometric measurements.
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The quantity and kind of donor atoms, as well
as the size and number of chelate rings generated
during complexation, and other variables all affect
how stable a transition metal complex is with a
polydentate chelate ligand [23-24].

In many dye compounds used in histology,
Orange G is a synthetic azo dye. The most common
formis as a disodium salt. It resembles orange crystals
or powder in appearance. Despite having two
ionizable groups, it only exhibits vivid orange in
neutral and acidic pH ranges or red in pH ranges above
9[25-27].

3.1.1. estimation of association constants and
thermodynamic parameters for lead nitrate
[pb(NO3)2] with pure water [H20] in absence
of ligand [Orange G, OG].

Experimental measurements were made to
determine the specific conductance values (Ks) of
various concentrations of pb(NOs); in H2O in the
lacking of OG at various temperatures (298.15,
303.15, 308.15, and 313.15)K. The values of molar
conductance (Am) Were computed [28-29]. Utilizing
formula (1):

A = (Ks _Ksolv)Kcell =<1000
m
C (1)
where Kee is the cell constant, C is the molar
concentration of the pb(NOs3). solution, and Ks and

Ksolv are the specific conductance of the solution and
the pure water solution, alternately.

For pb(NOs), with H,O in the absence of OG at
various temperatures, the limiting molar conductance
(Ao) at infinite dilutions were calculated by extending
the relation among Am agonist Cn'? to zero
concentration as shown in Fig.2.
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Fig.2: The relationship among molar conductance (Anm) and (Cn*)
of pb(NO;), in H,0 at various temperatures.
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Fuoss-Shedlovsky was used to assess the
experimental conductance measurement data [30-31].
Extrapolation methods that are used after equation (2—
12): -

1 1 Ka ’
= + CAYy:S:
ASw A, (A2 (Cavise) o
where, Szy = 1+ Z+ 222+ Z3/8 + ...... etc. and
S(AC)"?
Z= A2 ©)

The Onsager slope (S) was computed from the
equation (4) by using the value of (Ao):
S = aAo+b 4)
a=82x10%/(cT)*? (5)
b = 82.4/m((T)¥? (6)
where (g) denotes the solvent's dielectric constant, (1)
its viscosity, and (T) its temperature.
Equation (7) was employed to determine the amounts
of the degree of dissociation (o):
(&)=AS@/ Mo O
Equation (8) was used to estimate the average activity
coefficients (ys).
log y+ = - A(aC)Y? / [1+B r°(aC)*?)] (8)
where, (z~ z*) are the charges of ions in solutions A, B
are the Debye-Hiickel constant.
A =1.824 X 10° (eT)3? ; B=50.29 X 108 (T)
Y2 and (r°) is the solvated radius.

where,

Formula (9) gives the association constant (KA):

a1 sl
CMn+'7/Mn+'CX,'7/X

Equation (10) can be used to quickly determine the
amounts of the dissociation constant (KD) utilizing
the relationship constant values (KA)

KD = 1/KA (10)

The quantities of the triple ion association
constant (Ks) were computed [32-33].by utilizing the
formula (12):

AC? A 25C A

—_ o 12
o Ay ()T KK A

A

Ka . 9)

[0]

(11)

The Walden assumption (A¢= 3Lo) Was used by Fuoss
[34] to construct equation (11).

At different temperatures (298.15, 303.15,
308.15, and 313.15)K, the quantities of the free energy
of association (AGA) of pb(NOs); in H,O were
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computed [35-36]. from the quantities of the

association constant (KA) applying equation (12).
AGa = - 2.303 RT log Ka (12)

where, R is the gas constant (8.314 J.mol™! degree™!)

and T is the absolute temperature. The computed

quantities of Sg), ¥, , Ka Ko, &, Ksno Ao’ Am,
C, S, Z, and Gibbs free energies for the solutions of
pb(NO3), in H,O at various temperatures (298.15,

303.15, 308.15 and 313.15)K were obtained and listed
in Table.1.

Table (1): various solvation parameters: Ka, Ko and Ks of
lump pb(NOs3)2 in solvent H20 in lack of orang
G.

10
2
Temp 10
Ol 10] A
eraturnoAASZS(ya 5 (g
€. @|m 0 2| . KalK Ks
K) [P b A
oIS
e)
0.8|32|37]140.0[1.00.8[0.8] 20| 4.0.8| .-
2931 907.0/6.1(7.0[ 11 |11 |69 79 |5.9|85|99 15’
35|6|4|s|s|o|ofolefo]
2031 |07|33[37|15|00|1.0j08l0.9(15 6. 0.6

97(7.116.1{7.8[12|12(63]07|0.1]|66| 24
S({7|3(|5]|5(|6|4]|7[0]2]0

3

308.1 0.7(36)37(16]0.0{1.0]0.8/0.9(36.|27 O.lé
5' 1913.0(7.6]3.8/13|13|60(74)08(.7 |52 lé
590045953128

3131 0.6]37|38(17]0.0/1.0{0.8({0.9]10.197/0.0 6
5' 53(2.0(0.1]0.4)14]14(61|92]127].3|86 Oé

213801545126

*Ag in (S cmZmol?), Ay in (S cm?mol™?) and AGa in (kJ mol™).

The enthalpy (HA) for pb(NOg3), in H,O at
various temperature was obtained utilizing Van't Hoff
equation (13) [37-38].

logK =—

AH (1
2303R T

j + constant
(13)

where T is the absolute temperature and R is the gas

constant (8.314 J.mole* degree™).

The slope of each line, which equals (-AHA/2.303R),
can be computed by sketching the relation among log
KA and 1/T as illustrated in Fig. 3.
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Fig.3: The relationship among Log Ka versus 1/T by kelven
for lump pb(NOs)2 in pure water solvent in lack of ligand
giving clear difference between them and straight line.

The entropy (ASa) for pb(NOs), was determined using
the formula (14):

AGa = AHa — TASA (14)
where (S) represents the system's entropy. In Table 2,
the computed values of (AHA) and (ASA) for
pb(NOs), were shown.

Table (2): Entropy change (ASa) and enthalpy change
(AHa) of pb(NO3)2 in H20 at various temperatures.

Temperature Enthalpy Entropy change AS, (J
(K) change AH, molK?)
(kJ mol™)
298.15 -0.4965
303.15
308.15 -161.266 -0.4985
813.15 -0.4935
-0.4878

It was observed that, the association
constants for pb(NOs); in H.O decrease by increasing
temperatures. Also, the free energies of association
decrease in negativity indicating less solvation. This
was supported an increase in exothermic enthalpies
and little difference the case of entropies for lead
nitrate salt.

3.1.2. Calculation of association constants and
thermodynamic parameters for lead
nitrate [pb(NO3)2] with pure water
[H20] in presence of ligand [Orange G,
0G].

Experimental measurements were made to
determine the specific conductance values (Ks) of

various concentrations of pb(NOs), in H,O in the
presence of OG at different temperatures (298.15,
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303.15, 308.15, and 313.15)K. Equation(1) was used
to get the values of the molar conductance (Am) .

The limiting molar conductances (A o) for
pb(NQO3), in H,O in the presence of OG were
computed by plotting the connections among An and
Cm? to zero concentration, as clearly illustrated in
Fig. 4.
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Fig.4: The relationship among molar conductance (Am) and

(Cm*) of pb(NO3)2 in H20 inthe  existence of OG
at various temperatures.

In order to interpret the experimental conductance
data, Fuoss-Shedlovsky extrapolation methods, which
are based on equation (2-12).

The computed parameters of 1o Ao’ A, C, 7/ -

Ka, Ko, S, Z, Sz), Kz and Gibbs free energies for the
solutions of pb(NOs3)2 in H20O in the presence of OG
at various temperatures (298.15, 303.15, 308.15 and
313.15)K were computed and shown in Table .3.

Table (3): Various solvation parameters: Ka, Ko and Ks for
lump pb(NOs3)z in solvent H20 in the presence of
OG at varying temperatures.

10?
Tempe 10(10
rature. 770 Am| Ao S Z S(Z) 7/ a K 3 5 A
(K) (po + A Kp|Ks Ga
ise)

0.8]735] 150 (406{0.0{1.0]0.9]0.4|2501|0.0|1.0 2-5
903].5016.50|.87]018]018]|69895.59 |39 74 lOé

298.15

0.71650] 127 (364] 0.0 1.0]0.9]0.5|2220|0.0]0.9 2_5
975|.4919.72].69]019(019]68 (09 0.27 | 45] 82 223

303.15

0.7616]112|337[ 0.0/ 1.0]0.9]0.5]1734]5.7|0.8 2_5
195].77(0.44].71(021]021| 66|51 ]5.69 | 65|11 Olé

308.15

0.6[587]110|344[0.0|1.0]0.9/0.5]1924]5.1]0.8 2_5
532|.8913.53].34]021|021] 66 (33| 3.04 | 96 | 80 6Bé

Ao in (S cm?mol™?), Apin (S cm?mol™?) and AGa in (kJ mol™).

313.15

The enthalpy (AHa) of pb(NOs)z in H20 in the
presence of OG at various temperatures were
determined using a Van't Hoff formula (13).
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The slope of each line equals (-AHA/2.303R)
when the relationship between log KA and 1/T is
drawn and calculating AHA is possible.as illustrated in
Fig. 5. The entropy (ASa) for pb(NOs), was calculated
by using equation (14). The computed parameters of
(AHa) and (ASa) for pb(NOs), were presented in
Table.4.
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Fig.5: The relationship among Log Ka versus 1/T by
kelven for lump pb(NOs). with OG in H20.

Table (4): Entropy change (ASa) and enthalpy change
(AHA) of pb(NO3)2 involving OG in H20 at various
temperatures.

Temperature. Enthalpy Entropy change ASA (J

(K) change molK™)

AH (KJ

mol™)
298.15 0.0300
303.15
308.15 0.0299
313.15 -16.162 0.0287

0.0304

It was observed that, the association

thermodynamic parameters for solvation are greater
for pb(NOs), with OG than that of pb(NOs), alone
favoring more ion-solvent interaction. More Gibbs
free energies values were observed and increased by
increasing temperatures indicating mors spontaneous
reaction between pb(NOs); with OG in pure
water.Also, enthalpies and entropies for pp(NO3), with
OG in pure water indicating more aggregation of lead
ions with OG in solutions.

3.1.3. Determination of the thermodynamic
parameters and formation constants for lead
nitrate [pb(NO3)2] with pure water [H.O] in
presence of ligand [Orange G, OG].

Experimental measurements of the specific
conductance values (Ks) of various concentrations for
pb(NOs), in H.O were made when the orange G are
together at various temperatures (298.15, 303.15,
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308.15, and 313.15)K. Equation (1) was used to
calculate the molar conductance (Am) values .

By plotting the relationship between the molar
conductance (A m) for pp(NOs); in the existence of OG
at varying temperatures and the molar ratio of metal to
ligand [M]/[L] concentrations, various lines with
breaks were discovered, showing the development of
1:2 and 1:1 (M:L) stoichiometric complexes in Fig. 6.

—=-298.15K
—e—303.15K|

Table 5 shows the calculated AGf values for
the pb(NO3), stoichiometric complexes as well as the
actual values (Kf).

Table (5): formation thermodynamic parameters for
complex formation for 1:2 and 1:1 (M/L) of pb(NOs3)2
with OG in H20 at different temperatures.
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Fig.6: The relation between the molar conductance Am
against [M]/[L] of pb(NOs)2 involving OG in H20
at different temperatures.

The formation constants (Kr) for pb(NOs),
complexes were computed for each type of complexes
(2:2) and (1:1) (M:L) by utilising a formula. (15) [39-
42].:

[ML] AM— Aobs
= = 1
F7IMIL] ™ (Aobs— Amp[L] (15)
(Am-Aobs )
[L] = [L]t— [M]
(Aobs - AmL)

where [L] is the concentration of the ligand, OG, and
[A w] is the limiting molar conductance of pb(NO3)2
alone, [obs] is the molar conductance of the solution
during titration, [Amd] is the molar conductance of the
complex, and [Aqps] is the molar conductance of the
system as a whole.

Equation (16) was used to determine the Gibbs
free energy of production for each molar ratio complex
(AGH).

AGr = - 2.303 RT log Ks (16)

Egypt. J. Chem. 66, No. 8 (2023)

Complexit Temperatu
y re log K AGs
proportion (K)
(M:L)
-12.50
298.15 219 3.87
(1:2) 303.15 411 '
) 308.15 -24.29
412
313.15 2203
3.82 )
4,184 -23.88
298.15 3.967 -23.03
(L:1) 303.15
) 308.15 3.916 -23.11
31315 4.075 -24.43

Different lines were generated by scheming the
relationship of log Kf against 1/T, demonstrating the
production of the molar ratio combinations 1:2 and 1:1
(M:L) Fig7.
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Fig.7: A different version of log Kr against I/T (K'%) for (a)
(1:2) complex (b) (1:1) complex of pb(NO3)2 with OG in
H20.
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For each type of complex, Hf may be determined
from the relationship among log Kf and 1/T using the
slope of each line, which equals (-AHf /2.303R).
Equation (17) was used to determine the entropy (ASf)
for pb(NOs3) stoichiometric complexes of the classes
(1:2) and (1:1) (M:L).

AGs = AHs — TASt a7

The computed parameters of (AHf) and (ASf) of
pb(NO3), molar ratio complexes were displayed in
Table.6.

Table (6): Entropy change (ASf) and enthalpy change (AHy)
of formation of pb(NOs)2 involving OG complexes in H20
at multiple temperatures.

[M:L] AH; AS¢ (I molt K1)
comple (kJ
x | moll) [298.15 | 30315 | 30815 | 313.15
K K K K
@2 | 21| 06303 | 06663 | 06568 | 06419
(1) | o5 | 00332 | 00298 | 00296 | 00334

It was found that the development of from
both molar ratio combinations in the solutions was
indicated by inflections at (1:1) M/L and (1:2) M/L
proportions. The interactions of pb(NO3), and OG in
pure water at various temperatures resulted in the
formation of several kinds of stoichiometric
complexes. Complexes with a 1:1 ratio have better
complex formation properties than those with a 1:2
ratio, indicating that they are more advantageous.

Additionally, as temperatures rose due to an increase
in kinetic energy, the complex formation parameters
(Kf, AGf) increased as well.

3.2. Molecular docking

Multiple possible adduct structures produced
by molecular docking were scored and categorized
using the software's scoring function. It is possible to
infer the binding energy, free energy, and stability of
Orange G and its lead complex using the knowledge
obtained through the docking method [43—46].

In order to examine the binding interactions
and conformation structure that contribute to the
relationship among proteins and compounds,
molecular docking has been applied to Orange G and
its lead complex with the crystal structure of human
prostate specific antigen (PSA) in Fab sandwich with
a high affinity and a PCa selective antibody (3QUM).
Fig.8 (a,b).

From the docking we predict that strong
interactions between the inhibitor (Orange G Lead
complex) and the active site coupled to chain (p) of
(3QUM)and its energy content (-6.4417 kcal mol™?)
compared with (Orange G) whose energy value (-
5.8964 kcal molt), Table.7 (a, b).

The prostate cancer protein PC3 (PDB =
3QUM) interacted via amino acid
pocket molecules with Orange G through O15 by
accepting H atoms with ARG amino acid receptors,
Table. 8 (a). While interacted with Orange G Lead
complex via O 34, O 36, and O 38 by accepting H
atoms with GLY 19 and LYS 154 amino acid
receptors, Table. 8(b). In vitro inhibitory activities are
shown by greater engagement among substances and
receptors.

Fig.8(a): 2D and 3d diagram exhibit the interaction among Orange G and active sites of 3QUM protein.

Egypt. J. Chem. 66, No. 8 (2023)
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Fig.8(b): Diagrams in two-dimensional and three-dimensional exhibit the Communication among Orange G lead complex and
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Table.7 (a): The ideal configurations of Orange G within the protein's active region

Molecule mseq S rmsd_refne E_conf E_place E_scorel E_refne E_score2
1 -5.8964 1.4755 -85.1062 -37.2946 -10.8325 -35.5977 -5.8964
1 -5.8298 1.6586 -89.0871 -57.6456 -11.5905 -35.1803 -5.8298
.
‘m("""' oﬁi\«u\* 1 -5.1721 2.0747 -91.2260 -41.0650 -10.5607 -26.8877 -5.1721
/%
20 ,7 1 -5.1050 2.2596 -89.0788 -52.0922 -10.3782 -26.8580 -5.1050
\C’ ".5»,1\' 1 -5.1042 2.7472 -86.3499 -28.3195 -11.3068 -34.3243 -5.1042
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Table.7(b): The Orange G lead complex in its greatest potential conformations inside the protein's active region.

Molecule mseq S rmsd_refne E_conf E_place E_scorel E_refne E_score2
1 -6.4417 24213 19.3752 -31.1989 -9.7684 -34.7274 -6.4417
/ - 1 -6.0692 2.0984 31.9305 -76.7421 -9.8671 -25.4621 -6.0692
1 -5.8262 1.2956 6.4925 -52.2826 -9.8281 -29.6559 -5.8262
- 1 -5.7993 2.0573 9.9972 -41.8141 -12.4307 -28.9489 -5.7993

O
—_ f}'r‘": . 1 -5.7858 1.9588 9.0578 -58.4622 -10.7249 -30.2520 -5.7858

Table.8 (a): Orange G Connection with the 3QUM Protein

Ligand Receptor Communication Distance E (kcal/mol)
015 NE ARG 36 (P) H- acceptor 3.10 -4.1
015 NH2 ARG 36 (P) H- acceptor 2.83 -6.7
6-ring CBARG36 (P) Pi-H 4.03 -0.7

Table.8 (b): Orange G lead complex Connection with the 3QUM Protein

Ligand Receptor Communication Distance E (kcal/mol)
034 N GLY 19 (P) H- acceptor 3.13 -2.0
036 N GLY 19 (P) H- acceptor 3.29 -2.1

038 N LYS 154 (P) H- acceptor 3.34 -1.5
038 CE LYS 154 (P) H- acceptor 3.16 -2.1

4. Conclusion

1. Complex thermodynamic parameters for bulk 4. Finally , Orange G and its lead complex with the
associations for Pb(NOs), in presence of Orange crystalline structure for the human prostate-
G were also determined by the conductance specific antibody (PSA) in a Fab sandwich have
measurements method in a water solvent. been subjected to molecular docking with a high

2. From the conductometric data was observed affinity. Utilizing Docking Server software,
that two stoichiometric complexes were molecular  modelling and  computational
obtained 1:1 and 1:2 (Pb(NOs),/ Orange G ) computations were completed.
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