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Abstract The electrochemical behavior of manganese ion was studied in the absence
and presence of favipiravir drug at 305.15 K by cyclic voltammetry technique using
glassy carbon electrode (GCE) as working electrode with surface area equal 0.0314
cm?, Pt wire with diameter 0.5 mm as an auxiliary electrode and Ag/AgCl as a
reference electrode in 0.1 M KCI (30 ml) as supporting electrolyte to balance the
charge transfer. Also, to control the speed at which a potential is scanned, different
scan rates (0.01, 0.02, and 0.1) V.s™ were carried out. A high current is observed when
scan rates are faster because the diffusion layer size decreases.

keywords: Favipiravir, Cyclic voltammetry, Stability constant.

1.Introduction

Metal ions are essential components for
biochemical reactions in the human body [1].
Mn has an important role in the regulation of
the functions of the immune system, energy of
cells, sugar of the blood, blood coagulation,
digestion, reproduction, growth of bone, and
resistance to reactive oxygen species (ROS) [2].
Thus, it is important to take Mn in our daily
food [3,4].

Mn(I1) has a half-filled 3d® shell that makes
it spherically polarizable, without crystal-field
stabilization energy [5]. science 1966, Mn is
used in combination with vitamin Bl for the
effective treatment of psoriasis [6]. Recently, It
was found that Mn-porphyrin complexes are
potent antioxidants against superoxides (O3)
[7].

In this article, we study the redox behavior
of Mn(I/(1V) system also, the formation of
the complex between Mn and favipiravir drug
(antiviral agent) electrochemically using cyclic
voltammetry technique by calculating the
stability constant of complex formation in
solution and Gibbs free energy change.

1.Experimental
2.1. Chemicals and reagents

The chemicals used such as MnCl,.4H,0
and KCI were provided by Sigma Aldrich and
absolute ethanol from Merck. The ligand (L) is
a Favipiravir drug that is employed as an

antiviral agent against the influenza virus [8,9]
and has recently, been used as a drug for
coronavirus disease [10].

2.2. Equipment

The DY 2000 Potentiostat Multichannel
apparatus was used to measure the
voltammograms. connected with a cell that has
3 types of electrodes (Ag/AgCl) electrode act as
a reference electrode, (GCE) as a working
electrode, and (Pt) wire used as an auxiliary
electrode. N, gas was passed before each run to
remove oxygen gas.

2.Result and discussion
3.1. Cyclic voltammetry equation

The kinetic, solvation and thermodynamic
parameters for each voltammogram were
estimated as follows:

i. The diffusion coefficient is estimated
using the Randles-Sevick equation (1) which
indicates the relation between the peak current
I, in Ampere and the square root of the scan
rate [11-14].

ip=0.4463nFAC[ “21" (1)

Where, (n) is the number of electrons
transferred in the redox process, (F) is the
Faraday constant which equals 96485.33
Columbus.mol™, (A) is the surface area of the
working electrode in cm?, and (C) is the bulk
concentration of the analyte in mol.cm™, (D) is
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the diffusion coefficient of the oxidized analyte
in cm?.s™, (v) is the scan rate in v.s, and (R) is
the gas constant which equals 8.314 J.mol™. K™
and (T) is the absolute temperature in K.

ii.  The potential difference between the
anodic and the cathodic potentials was
estimated by equation (2) [15, 16].

AE,= Epq - Epe  (2)

The heterogeneous rate constant (Ks) was
calculated by applying equation (3) [17-19].
Where, (a) is the charge transfer coefficient
(Assuming that its value is equal to 0.5) and
n, is the number of electrons transfer in the
rate-determining step. an, quantity can be
calculated by equation (4) [15].

Ks=2.18[D. an, F v/ RT]¥** exp

2nF AE
[——21 (3)
ang = 1.857 RT/(Eyc —Ep/2) F  (4)
ii. the surface coverage I (surface

concentration of the electroactive species in
mol.cm®) can be calculated by equation (5)
[11].

=i, 4RT/IN*FPAv (5

The quantity of charge consumed during the
redox process (Q) can be calculated by
equation (6) [16].

Q=nFAT (6)

vi. The stability constants (Pmx) for the
interaction between the metal ion and ligand to
form a complex are calculated by applying
equation (7) [20, 21].

AE°=E’c-E°» =2.303 (RT/nF) *[log
BMX +j log C,] (7)

Where (E°wm) is the formal peak potential of
the last addition of metal before adding the
ligand, (E°c) is the formal peak potential at
each addition of ligand, (j) is the coordination
number of the stoichiometric complex and (Cy)
is the concentration of ligand in the solution.

vii. The formal potential (E°) is calculated
by equation (8) [22].

E*=(Epa t+ Epc) 12 (8)

viii. The Gibbs free energy (AG) for the

interaction between the metal ion and the ligand

AG =-2303 RT log Bux  (9)

3.2. The electrochemical behavior of
manganese ion in absence of favipiravir
ligand at 305.15K

The redox behavior of manganese chloride
solution 0.05 M was studied in 0.1 M KCI (30
ml) as a supporting electrolyte at 305.15 K
using the CV technique within the potential
window range from 1.4 V to -0.5 v for the
reduction process and the opposite scale for the
oxidation process at GCE. As shown in Fig. 1.
The resulting voltammogram had three anodic
peaks, the first anodic peak Al appear at
0.239V due to the oxidation of Mn (1l) to Mn
(1), the second anodic peak A2 may be due to
the hydrolyses of Mn (Ill) to form the
intermediate MNOOH and the third anodic peak
A3 appear at 0.967 V due to the oxidation of
MnOOH to MnO,. And two cathodic peaks, the
first cathodic peak C1 appear at 0.789 V due to
the reduction of MnO, to MnOOH and the
second cathodic peak C2 appear at 0.007 V due
to the reduction of Mn (IlI) to Mn (lI)
according to the following equation [1, 23, 24].

Mn*? 2 Mn*3 + e~
Mn*3 + 2H,0 - MnOOH+3H*
MnOOH 2 MnO,+ H* + e~

—— 30 mI KCI (0.1 M)
—— 0.6 Ml MnCl,(9.80x10* M)

<
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=

5

S 4 C—\/
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: D.C'Polenlial ((;ESN) Vs (Ag/lAEOgCI) 175
Fig. 1. cyclic voltammogram of 0.1 M KCI and
/9.80 x10™*/M manganese chloride

3.3.Effect of different concentrations of
manganese at 305.15 K and scan rate 0.1
V.st

The manganese chloride solution is added
gradually until reach the final concentration
[9.80 x10™* M] as shown in Error! Reference
source not found.. We observed that by
increasing the concentration of manganese ions,

is calculated from the stability constant using the intensities of peak current (ip,,ip.)
equation (9) [21]. arre
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gradually increase.
and Q) also increased for the first and

Moreover, (I ¢, Qs T 2

kecund redox peaks as presented in Tables 1&
2, this proved that at higher concentrations,
there are a large number of -electroactive
species and the charge transfer process is
diffusion controlled. Also, the peak current
ratio (ipa‘ipc) does not equal unity which
indicates that the svstem is quasi-reversible [1].

[——30 mi o (0.8
M) e 0.2 i B33 1 07 B
04 ml MO ESE1 07 M |
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Fig, 2. Effect of different concentrations of
manganese chloride at 305.1> K and scan rate
0.1Vsl

3.3, Effect of different scam rates at last
addition of manganese chloride in absence of

favipiravir igand.

A series of cyclic voltammograms of
[9.80x10-*] M manganese chloride was studied
in 30 ml EC1 [0.1] M as supporting electrolvte
at several scan rates (0.1, 0.02 and 0.01) V.5'!
and 305.15 K as shown in Fig. 3 . We observed
that the redox peaks currents ( ip, and ip,)
decrease by decreasing of scan rate but
different solvation parameters such as (I ., Q..
I' ; and Q,) increase by decreasing of scan rate
as shown in Tables 3& 4. From The Randles-
Sevick equation (1) the linear relation between
the square root of scan rate (v!?) with peak
current ( ip, and ip,) as shown in Figs. 4& 5,
confirm that the charge transfer process of the
redox species (Mn™2/Mn™) is diffusion-
controlled [13].
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Fig. 3. Effect of different scan rates of _
[9.80x10* ] M manganese freeat 305.15

oirern o €1 i

1 an 2
SOET of momn rne

Fig, 4. The relation between (ipa and ipc) vs
(v!?) of manganese alone for first redox peaks
(Mn** 2 Mn®*h).
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Fig, 5. The relation between (ipa and ipc) vs
(v'?) of manganese alone for second redox
peaks (Mn** 2 Mn®%).

3.3. Effect of different concentrations of
favipiravir drug on the -electrochemical
behavior of manganese

The electrochemical behavior of manganese
[9.80x10*] M was studied during the addition
of favipiravir drug 0.01 M gradually in 30 ml
ECl 0.1M as supporting electrolyte until
reached [22.7x10*] M with 1M: 3L molar ratio
at 305.15 K with potential window range from
14 Vto-0.5V and scan rate 0.1V 5! as shown
in Fig. 6.

At low concentrations of favipiravir drug,
there is no influence but by increasing the
concentration of favipiravir gradually, the
potentials shift to new walues followed by
decreasing in both (ip, and ip,) and solvation
parameters such as (I .. Q.. I' o and Q.) also
decrease due to the lowering of charge transfer
velocity suggesting the complexation between
manganese ions and favipiravir ligand as
noticed in Tables 5& 6.

NH,
F N
\( \IKQ
H
N/ O/

6-fluoro-3-hydroxypyrazine-2-carboxamide

Molecular Weight: 157.1
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Fig. 6. Effect of different concentrations of
favipiravir ligand (L) on the redox behavior of
manganese at 305.15 K and scan rate 0.1V _s"!

1.6. Effect of different scan rates in the
presence of (Mn®*-favipiravir) with molar
ratio (1M:1L)

The effect of different scan rates (0.1, 0.02
and 0.01) V.s! was studied for 1M:1L molar
ratio as shown in Fig. 7. It is observed that by
decreasing of the scan rate, the value of redox
peaks currents ( ip,and ip,) and the
heterogeneous rate constant (Ks) decrease, but
the solvation parameters like (T ., Q. I 2 and
{(-) Q a) increase as shown in Tables 7& 8. The
linear relation between the ( ip, and ip_) and
(v1?) confirmed that the reaction follows a
diffusion controlled as shown in Figs. 8 &9 for
the first and second redox peaks.

Fig. 7. Effect of different scan rates for IM:1L
molar ratio of (Wn-favipiravir) complex.

(-

= _

Fig. 8. The relation between (ipa and ipc) vs
(v!'?) of 1M:1L molar ratio of (Mn-favipiravir)

complex for first redox peak.

T L]

L T aal sasam o,

Fig 9. The relation between (ipa and ipc) vs
(v!'?) of 1M:1L molar ratio of (Mn-favipiravir)

complex for second redox peak.

3.7. Study of the stability constant and Gibbs
free energy change for (Mn-favipiravir)

complex

When metal complexes are formed in an
aqueous media, the stability constant is
calculated to determine how strongly ligands
and metal interact to form complexes [25].

CV technique was used to calculate The
overall stability constants by finding the peak
potential  shift with increasing ligand
concentration [19].

We observed that values of stabilitv constant
(Log Bj) increase by increasing the coordination
number (j) ratio, indicating the strength of the
interaction between manganese and favipiravir
drug toward the formation of the complex.
Also, the Gibbs free energy change (AG)
increases and has a negative value indicating
that the reaction between manganese and
favipiravir is a spontaneous process for the first
and second redox peaks as shown in Tables 9&

10.

Also, the effect of different scan rates was
studied on the stabilitv constant and Gibbs free
energy change. Itis observed that by decreasing
the scan rate, the stabilitv constant (Log (i) and

Conclusion

The kinetic and solvation parameters of the
interaction between manganese ion and
favipiravir drug were calculated at 305.15K
through the cyclic voltammetry technique also,
the stabilitv constant (fj) and Gibbs free energv
change tﬂG) were evaluated, it is observed that
values of stability constant increase bv
increasing the coordination number (j) ratio,
indicating the strength of the interaction
between manganese and favipiravir ligand
toward the formation of the complex. Also, the
Gibbs free energy change increased and have a
negative wvalue indicating that the reaction
between manganese and favipiravir is a
spontaneous process for the first and second
redox peaks.
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Table 1: Results of different concentrations of manganese on the kinetic and solvation parameters

for first redox peaks (Mn** 2 Mn**) at 305.15K and scan rate 0.1V s

KA
=] i i L= = - " i i i = =
TIEN - AAEAR R A R R A
] - - 1 1 - 1 [ ] Cl . ’
iz ¢ | ¢ C| YR Ye | # 5| ws |as| |1 E|ES 49 |8z | s
331 | 0908 | 0789 [ 0.11% [ 1.06 | 0331 | 2.001 | 08485 | 0.834 | 147823 | 3169 | 0751 | 654 | 184 | 0338 | 349 | 112
6,58 | 0945 | 0813 [ 0132 [ 2.5% | 0855 | 3011 | 0.879 | 0891 | 22034 | 243 0618 | 578 | 297 | 0800 | 854 | 1.71
080 | 0967 | 0789 | 0178 [ 440 | 137 [ 3203 | 0878 | 0876 | 289894 | 283 [ 056l | 920 | 477 145 | 13218 443

Table 2: Results of different concentrations of manganese on the kinetic a.nd solvation parameters
for second redox peaks (Mn** 2 Mn*™) at 305.15K and scan rate 0.1V s
: B dm| 2m| 2% «E ST % - = E? e epum EE’ Yo E; .2
T I - EW | EE| % i S e Fen | CEE | SelEA| o
PE| RF|OEF) RF| PRl gE)| 5| wis| i3] Frea|E5|39[E3| %
131 OIFT [ 0035 [ 0218 | Q45T [O0ET 334 [ 0Ide | Q03 | 174 024 (20310738 0478 [ 0IH [ 139 | 0451
6.58 0.9 00z | 0283 LI [O4Ie[ 279 TOIS73 ] 0083 | 448 03T [TII] T40 ) T445 JO4E 402 | 122
9.50 W23y | 00Uy | 0232 223 US| 238 | WL | U0z ] VA% LI L9 L33 | 30019 [ORL3 ) 779 ] 136
Table 3: Results of different scan rates on the kinetic and solvation parameters of 9.80x10*M
MnCl; at 305.15K for first redox peaks (Mn** Mn®).
- - . g .9 H - =
Slsm| sm| su| (E| (5| #| z2m| 5| 85|87 spem| B4 zo| E5| €
Slee| ee| em| PR| fw S I I IR ) 2LSa| g2 So| 54| =
o N I e T A2 A A AR B IS L s B B S
0.1 [0%7T] 0789 [ 0175 | 440 1.37 II0 [T OETE [ 0578 I90 [ I83 | 036l [ 920 ] 477 143 338 [ 483
003 [ OSD| 0700 | U4 | L33 U474 325 | U4y | Uslv | I8D | Les | 0539 | 300 | 8213 149 IR
001 | RS 0TI ] Uled | 007 | Ulee 28 | UV [ USIY] B9 [ Lle | 0233 | LOD | 923 L350 2647 31"
Table 4: Results of different scan rates on the kinetic and solvation parameters of 9.80 x10*M
MnCl; at 305.15K for second redox peaks(Mn®* Mn®*)
"
gl e~| = aP| , | wun|En| o
ge i8] im| iE| fu| 35| S| £m| F|RL|Rai| FEET| L] B5| Pi| -n
S I B B - S N w|as|as| Fr¥el g3| 19| B3| =
n ; n i R ok ™
0.1 [ 0239 [ 0007 [ 0232 [ 225 [0870 [ 238 [ 0133 [ 0052 [ 755 [ I3 [ 108 | 135 [ 3019 [ 0505 [ 7799 [ 236
0.02 | 0203 | 0047 | 0.136 | 1.0% | 0627 | 164 | 0125 | 0095 | 788 | 195 | 1017 [ 439 | 8299 | 231 | 1396 | 413
0.01 | 0152 -187 | 0314 | 0407 [ 0239 | 188 | U005 | -0.126 | 247 | U835 | 1336 | 9.06 | 10891 | 330 | 1782 540
Table 5: The kinetic and solvation parameters using dlfferent concentrations of favipiravir licand
(L) for first redox peaks at 303,15 K and scan rate 0.1V s,
L= = “ H o [ a2 a¥ 3 5 ET | n~|E '-] H
CSle e | se| i GE| | T|im| FREL|RA| FEP-o0|fR|35|En|30
ST Tl R I I S O £ I B B Il I B Y S I A
9.65 | 161 | T.04 | U8S4 [ U156 [ 590 [ 26 | 139 | 0962 [ 0931 [ 535 [ 80 | U725 | Z6% | 148 [ 445 [ 105 [ 6.0
9.49 | 306 | TOT | U897 [ O1I% [ 509 [ 413 | 176 | 0955 | 095 | 429 | 272 | U021 | 197 | T4% [ 434 | 180 | 546
935 | 467 | 105 | U836 | U194 | 505 | 357 | 146 | 0933 | 0026 | 436 | 2104 | U898 | 32T | 12X [ 300 | L9 | 341
8.93 | 597 [ 106 | U839 | 0221 [ 428 [ 347 [ 127 [094% [ 090 [ 330 [ ZI7 [ 0708 [ 431 [ 120 [ 365 [ 149 [4.30
8.20 | 164 | 107 | OBIT | 0259 | 338 | 34T | 0991 | 09405 | 0913 | T45 | 249 | 0479 | 545 | LIE | 339 | 117 [ 338
758 | 227 | L1 | U824 | 0276 | 300 | 3.05 | U983 | 0967 | 08K [ 125 | I35 | 0B [ 814 [ L0f [ 321 [ 104 [ 113
Table 6: The kinetic and solvation parameters using different concentrations of favipiravir ligand
for second redox peaks at 305.15 K and scan rate 0.1V.§"!
— _— -t Ho - = = E ™ Mo E I s
g = :: . = [ [1'! n = o - - !
BleY se | ar |am R 30| F| T | E | RL|ED| 5 |E7|ca 5T |t Be
Ee|ig| &< = ] = g & E‘,_r. ey E B 1o g s ﬁ"? E= ﬁ""
s s = u B S ek Bk
9.65 | 161 | 0466 | -0.005 | 0471 | 542 | 138 | 424 | 02305 | 0.045 | 454 | 233 | 0977 | 186 | 444 | 135 | 1881370
949 | 3.16 | 0453 | 0002 | 0481 532 [ 100 | 531 [ 02425 | 004 | 452 | 160 | 138 | 187 [ 348 | 105 | 1847 [5.60
935 | 467 | 0501 | 0001 | 0502 517 [ 0043 | 548 | 025 [ 0042 [43095 | 146 | 114 [ 205 [ 327 [ 0982 (1794 [ 5.4
8.93 | 593 | 0497 | 0009 | 0488 | 485 | 0439 | 1058 | 0253 | 0034 | 425 | 0379 | 195 | 1.20 | 1.59 | 0482 | 1685 | 5.10
8.20 | 164 | 0.584 | -0002 [ 0.386 | 345 | 0.353 | 9.77 | 0291 | 0027 | 255 | 0267 | 2.0 | 260 | 1.22 | 0.371 [ 11.97 | 3.63
758 | 07| 0628 | 0003 [ 0635 | 337 | 0109 | 3677 | 03155 | 0015 | 384 | 003 | 4067 [ 179 [ 038 | 0115 [ 1169 | 354
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Table 7: results of different scan rates on the kinetic and solvation parameters of IM;IL (Mn-
favipiravir) complex for first redox peaks at 305.13K.

o)
. = - - = =1 ) B~ BT m
el gp| eF|ek|EL| 3| TlEm| F| RL|RE| BlET|EiBS|ii|te
S T B Ed 1 I -0 N L B B A I S R T
01 | 108 | 0839 | 0221 | 438 | 347 | 133 09495 0908 | 3305 | 3172 | 0708 | 431 | 120 | 363 | 149 | 430
0.02 | 0989 | 0855 | 0134 | 2.00 | 169 [ 118 [ 0022 [ 0911 | 35095 | 2575 | 0.872 | 1.02 [ 203 [889] 347 [ 103
001 | 0956 | 0839 | 0117 | 136 | 119 | 114 [08975] 0901 | 3313 | 3551 | 0.788 | 0380 413 [133] 470 | 143
Table 8: Results of different scan rates on the kinetic and solvation parameters of IM;11 (Mn-
favipiravir) complex for second redox peaks at 305.13K.
. = . E - E =] 24 < ES L
Folag|an| k(e tF | F |m | § |RE|50 | ¢ (BT |22 |9 |Bs 50
T Cad = = = 5 =1 i :E:‘ - I:.l\- Iﬂ_ 5 m— ¥ o =0 g 5 i g 5 *:: "
o = h h I \?: I
0.1 | 0497 | 0.005 | 0485 | 485 | 0459 | 1038 | 0253 | 0034 4249 [ 0379 | 185 | 1.0 | 0139 | 0482 [ 168
0.02 | 0375 [ 0022 | 0353 [ 233 | 0423 | 530 | 0.1985 | 0.088 | 45.81 | 1.61 | 0.74 | 0.188 | 0733 | 227 404 | 122
0.01 | 0339 [ 0009 | 033 [ 122 [ 0417 | 203 | 0174 | 0104 2698 | 3.4 [ 0514 | 0024 | 145 | 439 (425 | 12
Table 9: Stability constant (Log fj) and Gibbs free energv change (AG) of (Mn-favipiravir)
complex for first peak.
D <1072 | L]x107= | E°yvolt | Ecvelt | AEvelt | JLAD Log fj AG (KJ/mol)
9.65 161 0878 0862 0024 0.17 202 118
9.49 3.16 0878 09333 00753 033 241 -141
9.35 467 0.878 0933 0075 0.3 290 -16.97
8.931 293 0.278 00405 00715 1 4123 2471
8.20 164 0.278 09403 00625 2 6.60 -3%6
758 227 0878 0062 0.084 3 932 -34.44
[Table 10: Stability constant (Log fj) and Gibbs free energy change (AG) of (Mn-favipiravir)
- complex for the second peak
P x10-fmel [ L] x10- =t E®y volt E'c volt AE volt J(L/M) Log Bj AG (KJ/mel)
0.65 161 0.123 02303 01073 0.17 241 -14.07
0.49 316 0.123 02413 01193 033 3.14 -1833
035 467 0.123 023 0.127 0.3 376 1108
8.03 203 0.123 0233 0.13 1 5.106 -30.36
§8.20 164 0.123 0291 0162 2 234 4876
7.58 227 0.123 03133 0.1923 3 11.11 -64.91
Table 11: Effect of different scan rates on stability constant and Gibbs free energy change of (Mn-
favipiravir) complex at (1:1) molar ratio for the first peak
vyl [M] x10-4 mel L] x10™mol | E*yvolt| Ecvolt AE(v) | JILM) | Log fj | AGET/mol)
0.1 £.03 203 0278 00493 00713 1 423 2471
0.02 £03 203 0.8423 0922 0.0735 1 426 2491
0.01 £.03 203 0.797 08975 0.1003 1 471 2751
Table 12: Effect of different scan rates on stability constant and Gibbs free energy change of (Mn-
favipiravir) complex at (1:1) molar ratio for the second peak.
vl P x10~20 | [L]x10729 | E%y vl E"c volt AE(v) | J(L/M) | Logfj AG(KI/mal)
0.1 g03 203 0.123 0233 0.13 1 4 263 24807
0.02 g03 203 0.125 0.1983 0.0735 1 5.199 -30.339
0.01 g03 203 0.003 0174 0179 1 6.003 33.087
Mans J ChemVol. (57) 2022 41
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