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Abstract The electrode potential of 2-(4,5-dihydroxy-2-
methylphenyl)-2-phenyl-2H-indene-1,3-dione (DMPID) in
acetonitrile has been calculated. The calculations were
performed using ab initio molecular orbital calculations
(HF), and density functional theory (DFT) with the inclusion
of entropic and thermochemical corrections to yield free
energies of redox reactions. The electrode potential of
DMPID was also obtained experimentally with the aid of
an electrochemical technique (cyclic voltammetry). The
values for geometric parameters and the vibrational frequen-
cies of DMPID and 2-(6-methyl-3,4-dioxocyclohexa-1,5-
dienyl)-2-phenyl-2H-indene-1,3-dione (MDPID) were also
computed using the same levels with the basis set of 6-31G
(d). The calculated IR spectrum of DMPID used for the
assignment of IR frequencies was observed in the experi-
mental FT-IR spectrum and the calculated IR and FT-IR
observed spectra of DMPID were compared with correlation
factor of 0.996. It should be mentioned that the present work
is the first research on coagulant derivative molecules in
which the electrode potential of a molecule is calculated.
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Introduction

The search for novel anticoagulant agents has emerged as one
of the most active areas of current investigation in drug
discovery [1]. This is due to the large number of patients
afflicted each year with thrombotic diseases [2]. Anticoagulant
compounds break the vitamin K cycle by blocking the
enzyme vitamin K 2,3-epoxide reductase (KO reductase) [3—
5], even though other data suggest that they also inhibit
another enzyme (vitamin K reductase) involved in the cycle
[6-8]. Much of the recent efforts to find improved anti-
coagulants have been focused on the identification of
compounds which, unlike warfarin, derive anticoagulant
activity through direct and selective inhibition of coagulation
enzymes [9]. Anticoagulant drugs fall into one of three
categories: inhibitors of clotting factor synthesis, inhibitors of
thrombin, and antiplatelet drugs [10]. In general, 1,3-indan-
dione derivatives demonstrate anticoagulant properties. The
synthesis and pharmacological properties of some chemicals
of this category have been reported previousely [11-13].

In addition, ortho- and para- dihydroxybenzenes that
form a large group of compounds of natural or synthetic
origin have antioxidant activities and are able to prevent
auto-oxidation via inhibition of radical formation. These
compounds also exhibit a wide variety of physiological and
pharmacological properties [14, 15]. For these reasons,
knowledge of the redox properties of these compounds is
important for having a better understanding of their
behavior in biological environments.

Electro-oxidation of dihydroxybenzenes is well docu-
mented. This process involves the transfer of two electrons
and two protons to provide the associated quinone and the
mechanism of this process was previously reported [16, 17].
In the case of the studied molecule that has anticoagulant and
antioxidant properties, this process is described by Eq. (1).
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The accurate theoretical calculation of the electrode
potentials plays an important role in understanding the
nature of the electron-transfer reactions and the determina-
tion of molecular behaviors [18]. The ability to accurately
calculate redox potentials is advantageous in different areas,
particularly where the experimental measurements are
difficult to achieve due to complex chemical equilibriums,
and where the design of molecules with particular redox
properties is of interest [19, 20]. It should be mentioned that
the effects of electron-donating, electron-withdrawing and
fused ring substituents on electrode potentials are important
and should not be neglected. These effects have been
investigated in previous papers [21-27].

In the present work, the standard electrode potential of
DMPID was also calculated using the optimized structure at
the same levels. The electrode potentials of DMPID were
calculated in acetonitrile using PCM. Calculations have been
carried out at different levels of theory. The role of frequency
calculations and the relaxation part of solvation energy [28]
in the improvement of the results were also investigated.
The frequency studies were done on DMPID and MDPID
molecules. According to our literature surveys, this is the
first research concerning the studied molecule as a
coagulant derivative molecule, which can also be extended
to another biologically important molecules from this kind.

Calculation and experimental details
Calculations

Gas-phase molecular geometries of all species were optimized
at two different levels of electronic structure theory, namely ab
initio Hartree—Fock (HF) and DFT-B3LYP using 6-31G(d)
basis sets. Full geometry optimizations and frequency
calculations were performed and each species was found to
be in a minimum by having no negative eigenvalues in the
frequency calculations. The 6-31G(d) basis set includes
polarization [29, 30] functions on all heavy atoms. The
calculations give internal energies at 0 K. In order to obtain
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gas phase free energies at 298.15 K, it is necessary to
calculate the zero-point energies and thermal corrections
together with entropies to convert the internal energies to
Gibbs energies [22, 31]. These corrections were carried out
using frequency calculations.

The next crucial step for redox potential calculations is
the computation of solvation free energies. In the present
study, we used the polarized continuum model (PCM)
developed by Tomasi and co-workers to calculate the
solvation free energies in acetonitrile [32—34]. The central
idea in PCM model is the construction of a solvent-
inaccessible cavity in which the solute molecule resides
[34]. Gaussian 98 has been employed for all calculations
[35]. The results of PCM for the calculation of electrode
potentials of DMPID in acetonitrile were investigated.

The two-electron reduction potential of MDPID in aceto-
nitrile solution was examined using 1,4-dihydroxyanthraqui-
none (AQH,) as a reference compound [28-30]. Thus,
MDPID can be converted to its reduced form (DMPID)
according to the following isodesmic redox reaction:

MDPID(sol) + AQHZ(SOI) - DMPID(SO]) + AQ(sol) (2)

Then, the formal electrode potential of MDPID, E*’, can
be computed as:

AGy = —2F (E"/ - EXQ> (3)

where AGy, is the free energy change for reaction (2), EXQ
is the experimental formal reduction potential for, 1,4-
dihydroxyanthraquinone(AQ), and F is the Faraday constant.
The change of Gibbs free energy for reaction (2) can be
computed using the thermodynamic cycle shown in Fig. 1,
which is used for the case of transferring all species involved
in reaction from the gas phase into the solution phase [36].
Using this cycle, AGy,; was computed through the following
expression:

AGyr = AGgas + AGsol (4)
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Fig. 1 The thermodynamic AG(g)
cycle proposed to convert the MDPIDg + AQH;(g ) E— DMPID) + AQg
standard Gibbs energy of iso-
desmic redox reaction in gas
phase to the standard Gibbs
energy of the reaction in AG(SOW’ MDPID) AG(soIv, AQHy) AG(solv,DMPID) AG(solv AQ)
solution ’

G'(tot)

—
MDPID o1y + AQH 501 — DMPID o1y + AQson)

where AGy, is the standard Gibbs energy of reaction (2) in
gas phase and AG, is the net solvation energy in reaction
(2) which is defined as follows:

AGgor = AG 40 501 + AGprpip sot — AGMDPID s01
— AGuo; sl (5)

The gas phase contribution to the Gibbs energy can be
determined using ab initio calculations. Different solvation
algorithms have been recently introduced for the calculation
of solvation energies [37-39]. These methods are different
in many ways, one of which is the modeling of the cavity
created in the solvent in which the solute molecules are
located. In PCM models, the solvation energy is partitioned
into four components including the electrostatic interaction
(AGgjee), cavity term (AGe,,), dispersion (AGyg;) and
repulsion energies (AGp), the last three of which represent
non-electrostatic interactions between the solute and the
solvent.
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Fig. 2 Cyclic voltammograms of DMPID at a glassy carbon electrode
S=mn mmz) in 0.05 M LiClO4-AN; Scan rates (inner to outer): 25,
80, 150 and 250 mV.s '; Inset: Cyclic voltammogram of DMPID in
25 mVs™'

Measurments and reagents

The employed electrochemical equipment is described in the
former paper [16] including a three-electrode cell; a glassy-
carbon electrode as the working electrode (S = > mm?), a
platinum wire as the counter electrode and the homemade
Agl0.01 M AgNOs couple in the electrolyte solution as a
reference electrode. All potentials are reported with respect
to this reference. The cyclic voltammograms obtained in an

a qw

Fig. 3 Optimized structures of (a) DMPID and (b) MDPID
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Table 1 The bond lengths and bond angles for both DMPID and MDPID optimized at B3LYP/6-31G(d) and HF/6-31G(d)

DMPID MDPID
B3LYP HF B3LYP HF
Bond length (A) Bond length (A)
C1C7 1.488 1.488 ci1c7 1.486 1.486
C2C8 1.488 1.488 C2C8 1.486 1.486
C7014 1.215 1.189 C7014 1.214 1.189
C7C15 1.560 1.548 C7C15 1.562 1.546
C8013 1.215 1.189 C8013 1.214 1.189
C8C15 1.560 1.548 C8C15 1.562 1.546
CI15C16 1.552 1.552 C15C16 1.552 1.551
C15C38 1.535 1.538 C15C40 1.532 1.535
C27C28 1.399 1.382 C27C28 1.544 1.530
C27C36 1.389 1.379 C27034 1.220 1.189
C27041 1.365 1.351 C27C38 1.470 1.478
C28C34 1.389 1.379 C28033 1.221 1.190
C28039 1.377 1.360 C28C36 1.464 1.470
C29C33 1.513 1.515 C29C35 1.508 1.510
C33C34 1.401 1.390 C35C36 1.356 1.333
C33C38 1.414 1.402 C35C40 1.496 1.508
C36C38 1.401 1.391 C38C40 1.354 1.331
Bond angles(®) Bond angles(®)
C2CIC6 121.222 121.380 C2C1C6 121.243 121.395
C2C1C7 110.015 109.973 ca2cic7 110.065 109.935
C6C1C7 128.739 128.620 CoCl1C7 128.664 128.636
C1C2C3 121.222 121.380 c1cacs3 121.243 121.396
CI1C2C8 110.016 109.975 C1C2C8 110.065 109.935
C3C2C8 128.737 128.618 C3C2C8 128.663 128.635
C2C3C4 117.785 117.584 C2C3C4 117.724 117.531
C3C4C5 120.991 121.033 C3C4Cs 121.031 121.070
C4C5C6 120.991 121.033 C4Cs5C6 121.031 121.070
C1C6CS5 117.785 117.585 C1C6CS5 117.724 117.531
CIC7014 125.519 125.517 C1C7014 126.196 126.273
CIC7CI15 108.085 107.980 CIC7C15 107.798 107.699
C15C7014 126.397 126.502 C15C7014 126.007 126.023
C2C8013 125.517 125.515 C2C8013 126.195 126.272
C2C8C15 108.084 107.978 C2C8Cl15 107.798 107.700
C15C8013 126.399 126.506 C15C8013 126.007 126.023
C7CI15C8 101.415 101.362 C7C15C8 101.416 101.432
C7CI15C16 106.958 107.015 C7C15Cl16 106.967 107.140
C7C15014 113.659 113.480 C7C15C40 113.761 113.499
C8CI15C16 106.942 106.985 C8CI15C16 106.948 107.136
C8C15C38 113.673 113.504 C8C15C40 113.776 113.504
C16C15C38 113.255 113.537 C16C15C40 113.049 113.228
C15C16C17 120.715 120.801 C15C16C17 120.640 120.701
CI15C16C18 120.702 120.773 C15C16C18 120.619 120.704
C17C16C18 118.542 118.388 C17C16C18 118.705 118.564
C16C17C19 120.630 120.725 C16C17C19 120.528 120.624
C16C18C21 120.630 120.726 Cl6C18C21 120.528 120.624
C17C19C23 120.423 120.424 C17C19C23 120.404 120.391
C18C21C23 120.423 120.423 C18C21C23 120.403 120.391
C19C23C21 119.345 119.305 C19C23C21 119.426 119.397
C28C27C36 119.097 119.135 C28C27034 120.750 120.901
C28C27041 120.923 121.376 C28C27C38 116.930 117.000
C36C27041 119.980 119.489 C38C27034 122.320 122.099
C27C28C34 119.630 119.507 C27C28033 120.704 120.726
C27C28039 115.660 116.485 C27C28C36 116.107 116.031
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Table 1 (continued)

DMPID MDPID
B3LYP HF B3LYP HF
C34C28039 124.710 124.008 C36C28033 123.189 123.243
C29C33C34 117.754 117.395 C29C35C36 118.379 118.146
C29C33C28 123.750 124.075 C29C35C40 121.250 121.303
C34C33C38 118.497 118.530 C36C35C40 120.371 120.550
(C28C34C33 121.915 122.051 C28C36C35 123.551 123.492
C27C36C38 121.917 122.119 C27C38C40 123.236 123.179
C27C36C38 121.917 122.119 C27C38C40 123.236 123.179
C15C38C33 121.505 121.778 C15C40C35 120.316 120.305
C15C36C36 119.551 119.564 C15C40C38 119.879 119.948
C33C38C36 118.944 118.658 C35C40C38 119.805 119.748
C28C39C40 109.699 111.403 Dihedral angles(®)
C27C41C42 107.364 109.545 034C27C38C40 179.991 —179.992
Dihedral angles(°) 034C27C28C36 180.000 179.990
C28C27041C42 —0.0155 —0.009 033C28C36C35 —179.995 —179.990
C3627041C42 179.984 179.991 033C28C27C38 179.993 179.993
C27C28039C40 179.9362 179.982 C29C35C40C38 179.981 —179.989
C34C28039C40 —0.065 —0.013 C29C35C36C28 —179.989 179.986
(C29C33C34C28 —179.998 —179.995 C29C35C40C15 —0.004 0.018
C29C33C38C15 0.0096 0.012 033C28C27034 0.000 —0.009
C29C33C38C36 179.9952 179.986

acetonitrile (AN) solution, contained 0.05 M of LiClOy4 as a
supporting electrolyte.

Furthermore, the studied derivative of 1,3-dione
(DMPID), was synthesized through electro-organic reac-
tions of 4-methylcatechol and 2-phenyl-1,3-indandione [16]
LiClO4, AgNOj; and HPLC-grade acetonitrile (Fluka) were
used as received. The formal potentials (E°") were calcu-
lated as the average of the anodic and cathodic peak
potentials of the cyclic voltammogram ((Ep, + Ep)/2) at
25 mV.s~' (Fig. 2, inset). All experiments were carried out
at 25+1 °C temperature.

Results and discussion
Geometry

Optimization of the geometry is the most important step in
the calculation of the standard electrode potentials. The
optimized geometries and numeration of atoms in DMPID
and MDPID are shown in Fig. 3. The bond lengths and bond
angles for both DMPID and MDPID which were optimized
at B3LYP/6-31G(d) and HF/6-31G(d) levels, are listed in
Table 1. It can be seen from this table that the bond lengths
and bond angles of the same molecule at B3LYP/6-31G(d)
levels are in good agreement with those at HF/6-31G(d)
level. Significant structural changes were caused by the
oxidation of DMPID, like C-O and neighbor bond length

changes and also redistribution of atomic charges. As it is
seen in Table 1 and Fig. 3a,b, the lengths of C27—-041 and
C28-039 bonds whose counterparts are C27-034 and
C28-033 in the Ox form of DMPID, became shorter in
both methods which is due to the formation of double
bonding instead of single. Furthermore, the lengths of
neighbor C-C bonds have also changed. The reason is that
the aromatic bondings in the benzene ring have changed in
to single and double bondings, i.e, C27—C28 have increased
from 1.399 (B3LYP) and 1.382 A(HF) to 1.544 and 1.530
A, respectively. Additionlay, atomic charges of 041 and
039 have shifted toward more positive values, from —0.597
and —0.570 to —0.413 and —0.420 in the Ox form,
respectively. Furthermore, atomic charges of C27 and C28
have changed from 0.303 and 0.305 to 0.374 and 0.379,
respectively. C36 and C38 atomic charges values have also
shifted from —0.173 and —0.161 to —0.215 and —0.187,
respectively. In addition, as it is evident from Table 1, the
angles around the C(15) atom are close to tetrahedral, as for
a quaternary carbon. The mulliken atomic population for
DMPID and MDPID were calculated using B3LYP and HF
methods, i.e., carbon and oxygen mulliken atomic popula-
tion using B3LYP method for DMPID structure is dis-
played in Fig. 4. According to DMPID atomic charges, the
high negative charges are related to the oxygen atoms. The
highest negative charges are located on the 039 and O41
atoms which is due to the electron donating character of the
methyl group.
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Fig. 4 Carbon and oxygen
atomic charges for
DMPID

Vibration

Since MDPID, as an intermediate in an electrode process, is
unstable, only an experimental spectrum of DMPID is shown
in Fig. 5a. The calculations showed systematic errors
between predicted and observed band positions. Scaling of
the force constants according to methods reported by
Schaefer and co-workers [40] and Pulay et al. [41] is a very
useful way to account for systematic errors such as the
neglect of anharmonic effects, basis set defects and election
correlation. In many cases, the typical range for the scaling
factors is from 0.8953 to 0.9986, and the scaling factors for
B3LYP/6-31G(d) and HF/6-31G(d) methods were 0.8954
and 0.9614 [42]. These factors were used for predicting the
vibrational spectrum of DMPID. The calculated and exper-
imental frequencies are also summarized in Fig. 5.

Figure 5b reflects that the general appearance of the
calculated spectrum is in agreement with the experimental
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. IR spectrum scaled by 0.9614

350 . .
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Frequency (cm™)
Fig. 5 a) Experimental IR spectrum of DMPID. b) Calculated IR
spectrum of DMPID
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one. The good overall agreement with experimental data for
DMPID, confirms the reliability of the presented band
assignment. It is concluded that the predicted spectrum for
DMPID investigated here should be reliable. Because of
deviations existence in the infrared intensities of the
experimental data, some peaks could not be observed in
the experiment, while they could be found in the calculated
spectrum. It should be mentioned that only the peaks which
are present in both calculated and experimental spectrum
are important. Thus, we simply discussed these peaks and
also some stronger peaks in the calculated spectrum.

The strongest peak in the calculated spectrum of DMPID
appears at 1712 cm ' (DFT method) or 1725 cm ™' (HF
method), which represents the stretching of —-C=0 bond,
while the strongest experimental bond is located at
1699cm ', The other band which is related to —C=0
appears at 1742 cm ' in the experimental spectrum, and at
1755, 1769 cm ' in DFT and HF methods respectively.
Two modes associated mainly with the -OH stretching of
DMPID, are assigned to bands located at 3369 cm™' and
3501 cm ' (DFT method) or 3383 cm ' and 3512 cm™
(HF method) in the calculated spectrum, and their experi-
mental frequencies appeared at 3368 and 3491 cm .
Modes calculated at 3375 cm ' and 3552 cm ' (DFT
method) and 3398 cm ' and 3763 ¢cm ' (HF method)
represent the C-H stretching vibrations of aromatic and
CH3 groups. Bands of -C-O- for DMPID in the calculated
spectrum are located at 1357 cm ™', 1294 cm ™', 1256 cm™ !
and 1145 cm ' (DFT method) or 1357 cm ', 1295 cm !,
1260 cm ' and 1144 cm ' (HF method), while their
experimental frequencies appeared at 1362 cm ',
1290 cm ', 1256 cm 'and 1150 cm ™', respectively. Two
predicted bands of C-C streching in DMPID ring are
located at 1592 c¢cm ', 1500 cm ' (DFT method) or
1616 cm ', and 1517 cm™ ' (HF method), and are allowed
in the IR spectrum at 1606 cm ', 1516 cm™ ', respectively.
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Table 2 The Gibbs free energy of the studied molecule for both reduced (red.) and oxidized (ox.) forms in gas phase and solution phase, along
with the change of Gibbs free energy of reaction (1), AG, in both gas and solution phases

Mol.? AG gas)’ AGol)” AG;(kJ mol ™"

Red. Ox. Red. Ox. Gas Solution
1¢ ~1148.618201 —1147.392588 —1148.640320 ~1147.419770 —3.418401 50.703651
2° —839.064148 —837.839837 -839.103262 —837.863400 0 0
14 ~1141.605811 ~1141.604940 ~1140.433984 -1140.442113 -5.551014 53.443885
24 -834.125106 —832.955394 —834.168179 —832.984996 0 0

21: Red. = AQH,, Ox. = AQ, 2: Red. = DMPID, Ox. = MDPID

® These energies are in atomic units, Hartree (1 Hartree=2625.49975 kJ mol ")
“ These energies have been calculated at B3LYP level using 6-31G(d) basis set.
9 These energies have been calculated at HF level using 6-31G(d) basis set.

One band is related to the in-plane C-H bending of benzene
rings in MDPID, which is located at 1335 cm ' (DFT
method) or 1325 c¢m ' (HF method) in the calculated
spectrum and 1331 cm ™' in the experimental spectrum for
MDPID. In conclusion the calculated IR spectrum of
DMPID used for the assignment of IR frequencies was
observed in the experimental FT-IR spectrum and correla-
tions between theoretical and experimental vibrational
frequencies of the DMPID molecule were 0.996.

The calculated frequencies for DMPID indicate that the
optimized geometry using B3LYP/6-31G(d) method is
more reliable than that optimized using HF/6-31G(d)
method.

Electochemical behavior and calculation of electrode
potential

Here we wish to present the calculated electrode potential
of DMPID (Fig. 3a). Table 2 shows the calculated Gibbs
energies of the molecules in both reduced and oxidized
forms in gas phase using ab initio molecular orbital
calculations (HF) and density functional theory (DFT).
The basis set of 6-31G(d) was chosen considering the size
of the studied molecules. Two effects are important in
electrode potential calculation a) structural re-accommoda-

Table 3 Electrode potential of the studied molecule in acetonitrile,
compared with the experimental values

Mol®  Exp.(E”s(V)® E*(V)* AEY E” (V) AE
1 0.599 0.599 0.000  0.599 0.000
2 0.336 0.354 0.018  0.351 0.015

* 1: Red. = AQH,, Ox. = AQ, 2: Red. = DMPID, Ox. = MDPID

° Experimental values.

¢ Electrode potential calculated by Eq. (3) as explained in the text in
B3LYP.

9 Difference between experimental and theoretical.

¢ Electrode potential calculated by Eq. (3) as explained in the text in HF
Differences (in V) between experimental and calculated values are
shown

tion b) solvation effects [43]. Solvation energies were
computed in order to convert gas-phase energies to energies
in solution phase. The solute—solvent interactions, AGg,
which are calculated using PCM models of solvation, are
shown in Table 2. The solvation energies in Table 2 were
obtained by optimizing the geometry of the molecules in
the presence of a solvent and were also computed at the
same level of theory using the basis set of 6-31G(d). This
quantity was added to AGy,, to give the change of Gibbs
energy of each component in solution phase, AGg,
according to Eq. (3).

Electrode potential of DMPID was obtained using the
total Gibbs energies and the experimental value of the
electrode potential of the reference molecule, AQ, in
acetonitrile (Eq. (3)). Table 3 presents the electrode
potentials of the studied molecule, together with the
corresponding Gibbs energies of the redox reaction in
acetonitrile at B3LYP/6-31 G(d) and HF/6-31 G(d) levels.
From this table it can be concluded that the electrode
potentials of the molecule at B3LYP/6-31G(d), and HF/6-
31G(d) levels are in a good agreement with that obtained
through experiments. The calculated electrode potential
obtained by HF is in good agreement with the experimental
value, whereas the electrode potential calculated by B3LYP
method shows deviations [44]. The highest occupied
molecular orbital (HOMO), the lowest unoccupied molec-
ular orbital (LUMO), and the energy gap of HOMO and
LUMO for DMPID and MDPID calculated at B3LYP/6-
31G(d,p) and HF/6-31G(d) levels, are shown in Table 4.
The energy of LUMO and HOMO and their energy gap

Table 4 Calculated amounts of HOMO and LUMO

Mol. Enomo (€V) ELumo(eV) Erumo-Enomo
(eV)
HF B3LYP HF B3LYP HF B3LYP

DMPID
MDPID

-6.85
—6.44

-7.87
—6.11

—0.54
—4.15

—0.76 6.32 7.11
—4.95 2.29 1.15
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reflect the chemical activity of the molecule. LUMO as an
electron acceptor represents the ability to obtain an
electron, while HOMO as an electron donor represents the
ability to donate an electron. The smaller the energy gap of
LUMO and HOMO, the easier it is for HOMO electrons to
be excited; the higher the energies of HOMO, the easier it is
for HOMO to donate electrons; the lower the energies of
LUMO, the easier it is for LUMO to accept electrons. The
results in Table 4 show that, the energy of LUMO in
MDPID is lower than that of DMPID, and the energy gap
of MDPID is smaller than that of DMPID. Therefore, the
transfer of electrons from HOMO to LUMO in MDPID is
relatively easier than that in DMPID, and LUMO in
MDPID accepts electrons more easily with the decrease of
the energies of LUMO.

Conclusions

The vibrational frequencies for DMPID and MDPID and
standard electrode potential for half reaction of DMPID and
MDPID were predicted using B3LYP/6-31G(d) and HF/6-
31G(d) methods. The predicted standard electrode potential
for half reaction of DMPID and MDPID was in agreement
with the data from the experiments. (The errors may be due
to considering the gases as ideal). The average discrepancy
between the theory and experimental values is only 0.015 V
for HF calculations; while it is 0.018 V for B3LYP. The
results in this paper indicate that the HF/6-31G(d) method
is superior to B3LYP/6-31G(d) method in predicting the
standard electrode potentials for half reaction of DMPID
and MDPID. The accuracy of PCM results with HF gas-
phase calculations is the reason for the lower discrepancy.
However, this theoretical method is very useful for
predicting unknown standard electrode potentials of any
biochemical compound. In addition, in the present work, ab
initio molecular orbital calculations (HF) and density
functional theory (DFT) have been employed in order to
calculate charges of the atoms, Gibbs free energies and
electrode potentials. Optimization of the molecules geo-
mertry in the presence of a solvent, by means of PCM
model of solvation at the same level of theory, was found to
require a considerable amount of time for computations,
especially in the case of very large molecules. Therefore,
further refinements of the theory should be carried out,
mainly in this regard. Consideration of bulk solvent effects
is important to fully describe the experimental variations in
electrode potential. Widely used PCM models reliably
estimate the bulk solvent effects for the molecules.
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