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Abstract. Intermolecular potential energy surface for an interaction of
drug with Na has been examined using HF level of theory with 6-31G*
basis set. The name of drug is meso-tetrakis (p-sulphonatophenyl)
porphyrin (here after abbreviated to TSPP). The numbers of Na* have
a significant effect on the calculated potential energy curve (including
position, depth, and width of the potential well). Counterpoise (CP)
correction has been used to show the extent of the basis set superposi-
tion error (BSSE) on the potential energy curves obtained for TSPP-
Na. The second virial coefficients are calculated by these data.
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Resumen. Se examina la superficie de energia potencial intermole-
cular para una interacciéon de un farmaco con Na usando el nivel de
teoria HF con el conjunto de base 6-31G*. El nombre del farmaco es
meso-tetrakis (p-fenilsulfonato) porfirina (subsecuentemente abrevia-
do como TSPP). El niimero de Na* tiene un efecto significativo en
la curva de energia potencial calculada (incluyendo posicion, pro-
fundidad, y ancho del pozo de potencial). Se utiliz6 la correccion de
counterpoise (CP) para mostrar el tamafio del error de superposicion
de base (BSSE) en las curvas de energia potencial obtenidas para el
TSPP-Na. Los segundos coeficientes viriales se calcularon a partir de
estos datos.

Palabras clave: Farmaco, coeficiente virial, superficie de energia
potencial.

Introduction

A way to obtain an intermolecular potential is made available
by quantum chemistry. Using quantum chemical methods, de-
tailed information about the interaction energy over a wide area
of the potential surface can be derived.

A number of package codes, such as MOLPRO [1], CO-
LUMBUS [2-4] are available. Unfortunately, these powerful
tools do not currently solve all of the problems [5].

However, apart from the simplest systems, one has to use
some level of approximation in quantum chemical calcula-
tions.

In quantum chemistry, the computation of the energy and
wavefunction of an average-size molecule is a formidable task
that is alleviated by the Born-Oppenheimer (BO) approxima-
tion, named after Max Born and J. Robert Oppenheimer. For
instance the benzene molecule consists of 12 nuclei and 42
electrons. The time independent Schrédinger equation, which
must be solved to obtain the energy and molecular wavefunc-
tion of this molecule, is a partial differential eigenvalue equa-
tion in 162 variables —the spatial coordinates of the electrons
and the nuclei. The BO approximation makes it possible to
compute the wavefunction in two less complicated consecutive
steps. This approximation was proposed in 1927, in the early
period of quantum mechanics, by Born and Oppenheimer and
is still indispensable in quantum chemistry.

Potential energy surfaces may be determined by ab initio
electronic structure calculations. If one makes the Born-Oppen-

heimer approximation, the molecular wave function is written
as:

v = (1, R) yy(R) (1)

Where v, is the electronic wave function, which depends
on the electron coordinates r and nuclear coordinates R, and v,
is the nuclear wave function.

With the Born-Oppenheimer separation, each electronic
state of the chemical reactive system has a potential energy
surface. Knowledge of the ion-ion interaction potential is a
key ingredient in the analysis of nuclear reactions. By using
the potential between nuclei, we can estimate the cross sections
of different nuclear reactions. The ion-ion interaction potential
related to the Coulomb repulsion force and the nuclear attrac-
tion force has, as a rule, the barrier and the capture potential
well near a touching point. The Coulomb part of the ion-ion
potential is well-known. In contrast, the nuclear part of the
nucleus-nucleus potential is less defined.

This paper reports a study on interaction of TSPP (Scheme
1) with one, two, three and four Na* respectively. Porphyrines
represent an interesting family of compounds used now for the
photodynamic therapy (PDT) of malignant tumors [6]. Por-
phyrines have attracted large attention because of their role
in the human body, ability to accumulate in many kinds of
cancer cells, as well as magnetic and optical properties. These
features make them useful in cancer medicine and photody-
namic therapy [7]. Porphyrins and metalloporphyrins provide a
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Scheme 1. Tetra sodium meso-tetrakis (p-sulphanato phenyl) porphy-
rin (TSPP).

relatively unexplored class of compounds because of their large
size, ease of synthesis, bioactivity, excellent thermal stability
and the diversity of their coordination and catalytic chemistry.
Furthermore, porphyrins provide an extremely versatile plat-
form on which to build desired peripheral functionality with
designed orientations. Functionalization of the porphyrin macro
cycle has always received much attention, and considerable
progress has been made over the past decades [8-11].

Theoretical back ground and computational method

Initially, structure of TSPP was fully optimized with the HF
method and 6-31G* basis set in order to locate the station-
ary points on the potential surface. Our calculations were per-
formed by using the program package Gaussian 98 [2].The
interaction energy for each minimum was calculated by using
the supermolecule method.

In ab initio calculations the basis set superposition error
(BSSE) is of paramount importance. This error can be elimi-
nated to some extent by using the counterpoise method (CP).
In this method both the physicochemical compound A — B and
the A and B components at r = c are calculated by using the
full basis set for the A — B, hence

V= EAB(A - B) - EAB(A + B) + AECP (2)
Where

AEcp = [EA(A + B) — Ex(A - B)] +
[Es(A + B) — Eg(A - B)] )

This study has been carried out just in vacuum because of
limitation in software and computers which we have. We tried
to make constant the angle and position between the average
plan of TSPP and the vector TSPP-Na for 4 sides which Na
approached.

Ab initio calculation of the interaction energy
in the system

Using quantum chemical methods, detailed information about
the interaction energy over a wide area of the potential surface
can be derived. This approach can be used to extract detailed
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information of the potential energy surface, which is sometimes
difficult or practically impossible by other methods. The basis
set superposition error has a significant effect on the calculated
interaction potential and therefore it should be corrected for
[13].

The significant of the BSSE on the intermolecular interac-
tion has been highlighted in a number of papers. The various
points on the ab initio potential energy surface were used to
obtain a fit to the Lennard-Jones and Morse and Morse modi-
fied potential energy function.

Virial Coefficients

The second virial coefficient as a pure two body interaction
property has been calculated to give a first simple test of the
quality of intermolecular interaction potential.

Assuming the known form for U(r), the hard sphere ap-
proximation leads to the following expression for the estima-
tion of second virial coefficient [14, 15]:

B =2nN, J' (1= e VO y,2 4 )
o

where N, is Avogadros number, x is the Boltzmann constant, 7
is the temperature. It was though for many years that the values
for the second virial coefficient do not depend on the shape of
the curve U(r) for the energy interaction but only on the integral
that correspond to the area restricted by this curve.

Results and Discussion

We calculated the intermolecular interaction energies of the
TSPP with one, two, three and four Na* respectively.

The intermolecular potential energy interaction obtained
at HF level of theory with the basis set 6-31G* that plotted in
figure 1 as function of R; the distance between TSPP and Na.
Calculated potential energy curves, including position, depth
and width of potential well were shown in Fig. 1. The calculated
potential energy surface can be compared based on the values
of the position of the minimum point (r.) of the potential curves.
As is evident from this table, these quantities are very sensitive
to the number of metal used in the computations. In ab initio
calculations the basis set superposition error is of paramount
importance. BSSE corrected TSPP-Na intermolecular potential
energy curves corresponding to those calculated, are plotted
against r in figure 1. In this figure the values of U (calculated
by Gaussian) and Uy, (calculated by Morse modified function
are fitted by Excel) are shown.

Most of the popular approximation such as, for instance,
the Lennard-Jones potential and the exp-6 potential and Kihara
potential yielded unsatisfactory results. Finally, we have chosen
the six-parameter generalized Morse modified function [16].

U(r) = De{1 — exp[-B(r — r)]* — 1} )
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Table 1. The values of De, B, re after fitting.

De, B, Re are positive and usually chosen to fit the bond

dissociation energy, the harmonic vibration frequency and the
equilibrium bond length.

W D, p I,
Interaction
INa*" & TSPP 396.63 0.95 2.05
2Na* & TSPP 661.44 -1.06 1.94
3Na* & TSPP 772.40 -1.12 1.96
4Na*" & TSPP 902.79 -1.14 1.97

B = Be + A(I‘ - re) + B(I‘ - re)2 + C(I‘ - re)3 (6)

D., Be, 1. and A, B, C parameters are fitted in the approxi-
mation procedure. The results of search are shown in table 1.

Table 2. r, Ugaussians UMorse fOr first Na & porphyrine interaction.

r(A) Uy U r(A) Uy U r(A) Uy U
(kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol)
0.7 2287.5482 2281.4090 33 —295.1782 —307.5424 6.0 —47.4405 —27.8594
1.5 457.0539 471.7570 3.6 —206.7144 —206.4924 7.0 —18.7844 0.5232
1.9 -207.7790 —198.0840 4.4 —-116.0221 —90.1452 8.0 —7.3498 0.9820
2.3 —386.7621 —403.2033 5.0 —81.6385 -59.2142 9.0 —2.8628 0.2367
Table 3. r, Ugaussians UMorse fOT second Na & porphyrine interaction.
1(A) Uy U 1(A) Unm U 1(A) Unm U
(kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol)
0.7 4314.1224 4308.7336 23 —593.8583 —616.7155 5.0 —49.6983 —36.4868
1.1 717.4139 732.7046 2.7 —457.1438 —461.0516 6.0 —-17.3413 0.2566
1.5 —426.7134 —418.2615 3.1 —328.0764 -315.6525 7.0 —6.0005 0.8926
1.9 —660.2824 —656.0569 4.0 —138.8944 —-126.5186 8.0 —2.0704 0.0000
Table 4. r, Ugaussians UMorse for third Na & porphyrine interaction.
r(A) Uy U r(A) Uy U r(A) Uy U
(kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol)
0.7 6577.9126 6577.9794 2.3 —694.6552 —731.6967 6.0 —-16.7532 0.5695
1.1 1234.2485 1237.854 3.5 -251.0915 —232.8225 8.0 -1.7991 0.0000
1.5 —425.6992 —461.9022 4.0 —149.5865 —-105.1112
1.9 —768.8564 —675.5745 5.0 —50.6696 28.4875
Table 5. r, Ugaussians UMorse fOr fourth Na & porphyrine interaction.
r (A) Uum U r (A) Uum U r (A) Uum U
(kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol)
0.7 8704.7362 8695.8911 24 —765.3076 —845.2531 4.0 —167.9594 —123.5944
0.9 4256.9292 4271.5012 2.6 —663.4195 —652.8084 42 —-135.0255 —94.1098
1.1 1698.1193 1659.6326 2.8 -562.3175 —557.4721 4.4 —108.3454 —41.1908
1.3 282.155 344.1444 3.0 —469.2026 —455.9625 4.6 -86.7175 -20.1862
1.5 —451.5135 —404.0413 32 —387.0986 —358.4645 4.8 —69.3416 -30.5395
1.6 —656.3055 —666.7182 34 -316.7024 —341.9554 6.0 —17.8369 —10.2545
1.8 -862.5213 —891.2254 3.6 —257.4858 —-192.2522 7.0 -5.7022 0.2492
2.0 —901.5854 —940.5145 38 —208.3422 —142.9425 8.0 —-1.8187 0.0000
2.2 —853.5655 —894.9094
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Figure 1. Interaction energy between TSPP and Na* by the modified Morse function (a-1Na®), (b-

2Na*),(c-3Na"),(d-4Na").
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Figure 2. B against T a) for first Na* & porphyrine interaction b) for second Na* & porphyrine inte-
raction ¢) for third Na* & porphyrine interaction d) for forth Na* & porphyrine interaction.

The values of U (calculated by Gaussian program) and
UM (calculated by Morse modified function) and r are shown
in tables 2, 3, 4, 5.

The second virial coefficient as a pure two body interac-
tion property has been calculated to give a first simple test of
the quality of intermolecular interaction potential. The values
of them are listed in tables 6, 7, 8, 9 and calculated results
with using MATLAB and MAPLE software are plotted in
figure 2.

Conclusion

After study of the interaction of drug with Na using Hartree-
Fock method, it has been seen that the numbers of Na* Cations
have a important effect on the theoretical calculated potential
energy curve. Also, Counterpoise (CP) correction has been
calculated to investigate the extent of the basis set superposition
error on the potential energy curves obtained for TSPP-Na and
the second Virial coefficients are calculated by these data.
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Table 9. T & B for fourth Na & porphyrine interaction.

211

T(K) B(cm?/mol) T(K) B(cm?/mol) T(K) B(cm?/mol) T(K) B(cm?/mol)
173.15 —441.5 473.15 -161.6 773.15 -98.9 1073.15 -71.2
223.15 -342.6 523.15 —-146.1 823.15 -92.9 1123.15 —68.1
273.15 -279.9 573.15 -133.4 873.15 -87.6 1173.15 —65.2
323.15 -236.6 623.15 -122.7 923.15 -82.8 1223.15 —62.5
373.15 -204.9 673.15 -113.6 973.15 -78.6 1273.15 —-60.0
423.15 —-180.7 723.15 -105.7 1023.15 —74.7

Table 6. T & B for first Na & porphyrine interaction.

T(K) B(cm?/mol) T(K) B(cm?/mol) T(K) B(cm?/mol) T(K) B(cm?/mol)
173.15 -95.2 373.15 —44.2 573.15 -28.8 773.15 -21.3
223.15 -73.9 423.15 -39.0 623.15 -26.5 873.15 -18.9
273.15 —60.4 473.15 -34.8 673.15 -24.5 973.15 -16.9
323.15 =51.0 523.15 -31.5 723.15 -22.8 1073.15 -15.4

Table 7. T & B for second Na & porphyrine interaction.

T(K) B(cm?/mol) T(K) B(cm?/mol) T(K) B(cm?/mol) T(K) B(cm?/mol)
173.15 -207.1 373.15 -96.1 573.15 —62.6 773.15 —46.4
223.15 -160.7 423.15 —84.7 623.15 -57.5 873.15 —41.1
273.15 -131.3 473.15 -75.8 673.15 -53.3 973.15 -36.8
323.15 -110.9 523.15 —68.5 723.15 —49.6 1073.15 -33.4

Table 8. T & B for third Na & porphyrine interaction.

T(K) B(cm?/mol) T(K) B(cm?/mol) T(K) B(cm?/mol) T(K) B(cm?/mol)
173.15 -337.6 473.15 -123.6 773.15 -75.6 1073.15 —54.6
223.15 -261.9 523.15 -111.7 823.15 -71.0 1123.15 -52.0
273.15 -214.0 573.15 -102.0 873.15 -66.9 1173.15 —49.8
323.15 -180.9 623.15 -93.8 923.15 —63.3 1223.15 —47.8
373.15 -156.6 673.15 -86.8 973.15 —60.1 1273.15 —45.9
423.15 —-138.1 723.15 -80.8 1023.15 =57.1
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