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This work is devoted to the experimental determination of the electrostatic properties of the molecular 4-methyl-7-
(salicylidene amino) coumarin (C17H{3NCj3) using high resolution x-ray diffraction data. The experimental results are
compared with those obtained theoretically from calculation type ab initio. The experimental investigation is carried out
using the molecular electron charge density distribution based on the multipolar model of Hansen and Coppens. However
the theoretical calculations are conducted by using the molecular orbital B3LYP method and the Hartree—Fock (HF) ap-
proximation with the basis set 6-31G (d,p) implemented in the Gaussian program. In addition to the structural analysis,
the thermal agitation is also analyzed in terms of rigid blocks to ensure a better precision of the results. Subsequently, the
electrostatic atomic and molecular properties such as the net charges, the molecular dipolar moment to highlight the nature
of charge transfer existing within the molecule studied are derived. Moreover, the obtained electrostatic potential enables
the localization of the electropositive and the electronegative parts of the investigated molecule. The present work reports
in detail the obtained electrostatic properties of this biologically important molecule.
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1. Introduction

The coumarin derivatives have been largely investigated
by many researchers for their various biological properties. ']
It has been shown that the biological activity is directly related
to the configuration and the charge density distribution around
the asymmetric sites of the concerned molecules./>!

In this context, the present work focuses on the study of
the molecular electrostatic potential and provides some other
electrostatics properties such as the net atomic charges and the
molecular dipole moment. Both experimental and theoretical
investigations are presented here.

The experimental investigation is based on the x-ray ex-
periment crystal data published previously by Aazam et al.!
In a first stage, in order to improve the accuracy of the crys-
tallographic parameters, structural analysis and thermal mo-
tion analysis are performed using the multipolar charge den-
sity model of Hansen and Coppens!®! and the rigid-body bond
test method respectively.!”l In the second stage, the obtained
crystallographic multipolar parameters are used to describe the
electron density distribution in the crystal.[®] The electrostatic
potential around the molecule is also calculated so as to de-
scribe the nature of inter- and intra-molecular charge transfers
in this compound.

The theoretical investigation consists of an ab ini-
tio molecular orbital calculation with using the Becke-
Lee—Yang—Part’s three-parameter hybrid functional (B3LYP)
method and Hartree—Fock (HF) approximation with the basis
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set 6-31G(d,p) implemented in the Gaussian 03 package.!”)
The theoretical and experimental results are compared with
each other and found to be in very good agreement.

2. Crystallographic investigation
2.1. Crystal structure refinement

The crystallographic investigation described in the work
of Aazam et al. is based on spherical atom refinement."!
In order to improve the accuracy of the results and to deter-
mine the molecular charge density distribution, the Hansen-
Coppens multipole formalism implemented in the Mopro least
squares program for multipole refinement investigations!'! is
used. The multipolar model used describes the crystal elec-
tron density as a superposition of non-spherical pseudo-atoms
modeled using a multipole expansion as:

patom('r') = Pc("') +ka/3pv(k/?“)
Imax +1

+ Z Z k”Rl(k”r)leYlm<:)a (1)

=0 m=—1

where p. and py are spherically averaged Hartree—Fock core
and valence density respectively, with p, being normalized to
one electron; Ylm; are the spherical harmonic angular func-
tions that are modulated by the Slater-type radial functions; N;
is a normalization factor. The values for parameters n = n;
and & are chosen according to the rules suggested by Coppens
(1997).531 In practice, the expansion and contraction of the va-
lence shell depend on two charge density variables, i.e., the
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population parameter and a kappa parameter; they are added to
the conventional parameters of structure analysis.®! The pop-
ulation parameters P, and P,,, are floated along with k" and k"
during the refinement, the summation over m in Eq. (1) in-
cludes +/, so that for each one, 2/ + 1 functions are included.
The aspheric charge density is described at the octupole level
(I = 3) for the atoms C, N, and O and at the dipole levels (I = 1
or 2) for hydrogen atoms not involved and involved in strong H
bonds, respectively. Charge densities of all hydrogen are con-
sidered to have cylindrical symmetry along the corresponding
hydrogen—heavy atom bond.

The least-square method is used to refine the crystal struc-
ture against F> using atomic anisotropic thermal parameters
for all non-hydrogen atoms. The H atoms are located from a
difference Fourier map and included in the refinement with the
isotropic temperature factor of the carrier atom. After the ther-
mal motion analysis in terms of the rigid body bond test, the
anisotropic temperature factors for the hydrogen atoms are in-
troduced. The accuracies of results are significantly improved:
the final refinement R factor decreases to 0.4%. The crystallo-

graphic details are given in Table 1.

Table 1. Crystal data and structure refinement details.

Compound empirical formula

4-methyl-7-(salicylideneamino) coumarin C;7H;3NO3

Temperature/K 173(2)

Crystal system, space group monoclinic, P21/¢

Unit cell dimension

alA 8.7209(3)
bIA 9.9919(3)
c/A 15.3906 (4)
BI(®) 97.853(2)
Wavelength/A 0.71073

Z, calculated density/g‘cm’3 4,1.396
Reflections collected/unique 2600/2213

Least-square multipole refinement factors: N is the number of refined parameters. The atomic scattering factors come from the

international tables for x-ray crystallography.

N  R=ZX|Fo|—|Fc|/Z|Fo|

WR = [£(|Fo| — |Fcl)?/Ew|Fol]'/*

Spherical model ! 195 3.7%

Multipolar model 276 0.4%

9.9%
1.9%

The general feature of the structure consists of a methyl
substituted coumarin group connected to a 2-hydroxyphenyl
ring via an azomethine linkage as shown in Fig. 1. The
coumarin and benzene ring planes form a dihedral angle of
24.0° indicating an absence of the coupling as reported in the
earlier work of Aazam et al.!

The exploration of the molecular environment within the
unit cell gives rise to two types of interactions: the first one
concerns a strong O; ...Hj ...N; intramolecular hydrogen
bond and the second one involves a weak intermolecular hy-
drogen bond responsible for the crystal package determined
by the sites C7 ...C7 ...C3. Table 1 gives the description of
the hydrogen bonds spotted in the crystal structure.

K (®)

Fig. 1. (color online) Chemical structures of the title compound: (a) the
dihedral angle within the molecule. (b) View of the hydrogen bonding.

Table 2. Hydrogen bonds and their properties in 4-methyl-7-(salicylideneamino)coumarin crystal.

D-H---A D-H/A D-A/A H-A/A D-H.--A/A Properties
01-H; N; (i) 0.934 2.603 1.763 148.00 strong
C4-Hy4 Oy (i) 0.958 3.380 2.643 134.06 weak
C4-Hy C, (iii) 0.958 3.337 2.633 130.62 weak
C7-H;C; (iv) 0.954 3.273 2438 145.96 weak

C13-Hps Cs (iv) 0.954 3.556 2.624 165.44 weak
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Equivalent positions:

@ x, v, z,

(i) —x+2,+y—1/2, —z+1/2+1,
(i) x, —y—1/2,+z+1/2,

(v) —x+1,+y—1/2, —z+1/2.

2.2. Thermal motion analysis

The thermal 4-methyl-7-
(salicylideneamino) coumarin is performed using the
THMAI11 program.!”! The rigid-body motion is described by
three tensors, T for the translation, L for the liberation, and S

motion analysis  of

when taking into account the correlation between translation
and liberation. These tensors are obtained by a least-square
fit refinement by using the observed atomic thermal motion
parameters obtained from the x-ray refinement reported in
Table 4. In the rigid body bond model, the bonded pairs of
the non-H atoms are assumed to have differences between the
mean-square displacement amplitudes (MSDAs) along the in-
teratomic directions A < 10.10~* A2.B8! For all pairs of atoms
in the molecule, the MSDAs Aap in the AB direction are
calculated and reported in Table 3.

Table 3. Atomic displacement parameters in units of A2.

Un Ux Uss Ui Uiz u23
0 0.0323 0.0331 0.0320 -0.0070 -0.0099 0.0040 OBSERVED
0.0357 0.0357 0.0297 -0.0067 -0.0091 0.0076 CALCULATED
Cy 0.0376 0.0256 0.0232 -0.0011 -0.0089 0.0015 OBSERVED
0.0361 0.0290 0.0254 -0.0015 -0.0070 0.0014 CALCULATED
Cs 0.0589 0.0383 0.0301 -0.0048 -0.0182 0.0055 OBSERVED
0.0588 0.0375 0.0308 -0.0045 -0.0157 0.0067 CALCULATED
Ny 0.0324 0.0261 0.0234 -0.0023 -0.0024 0.0025 OBSERVED
0.0262 0.0257 0.0222 -0.0021 -0.0023 -0.0007 CALCULATED
C 0.0242 0.0246 0.0218 0.0007 0.0020 -0.0009 OBSERVED
0.0258 0.0247 0.0241 0.0004 0.0009 -0.0006 CALCULATED
C, 0.0231 0.0273 0.0252 -0.0003 0.0021 -0.0006 OBSERVED
0.0282 0.0293 0.0253 -0.0004 —-0.0006 0.0030 CALCULATED
Cs 0.0290 0.0333 0.0283 0.0042 -0.0015 0.0050 OBSERVED
0.0292 0.0315 0.0281 0.0016 0.0019 0.0055 CALCULATED
Cy 0.0361 0.0260 0.0356 0.0042 0.0064 0.0071 OBSERVED
0.0285 0.0270 0.0288 0.0042 0.0071 0.0027 CALCULATED
Cs 0.0313 0.0258 0.0367 -0.0029 0.0054 -0.0015 OBSERVED
0.0320 0.0246 0.0321 0.0004 0.0031 0.0010 CALCULATED
Cq 0.0265 0.0297 0.0262 -0.0010 -0.0005 -0.0031 OBSERVED
0.0303 0.0245 0.0302 -0.0014 -0.0005 0.0003 CALCULATED
Cy 0.0274 0.0276 0.0205 0.0003 -0.0023 0.0004 OBSERVED
0.0249 0.0242 0.0231 -0.0007 -0.0010 -0.0014 CALCULATED
Cg 0.0273 0.0265 0.0238 -0.0014 -0.0009 0.0029 OBSERVED
0.0256 0.0250 0.0220 -0.0021 -0.0022 -0.0012 CALCULATED
Cy 0.0412 0.0337 0.0231 -0.0089 -0.0069 0.0010 OBSERVED
0.0369 0.0270 0.0243 -0.0068 -0.0055 -0.0003 CALCULATED
Cio 0.0373 0.0275 0.0265 -0.0083 -0.0031 -0.0018 OBSERVED
0.0375 0.0264 0.0257 -0.0064 -0.0037 -0.0003 CALCULATED
Cpy 0.0244 0.0246 0.0242 -0.0007 0.0021 -0.0003 OBSERVED
0.0262 0.0252 0.0244 —-0.0009 0.0001 -0.0003 CALCULATED
Cp2 0.0242 0.0266 0.0199 0.0012 -0.0016 -0.0006 OBSERVED
0.0254 0.0255 0.0232 0.0000 -0.0019 -0.0004 CALCULATED
Ci3 0.0281 0.0228 0.0249 -0.0013 -0.0018 -0.0012 OBSERVED
0.0255 0.0248 0.0224 -0.0007 -0.0025 -0.0013 CALCULATED
Cyy 0.0243 0.0280 0.0015 0.0042 0.0015 0.0243 OBSERVED
0.0259 0.0268 0.0008 0.0026 0.0011 0.0259 CALCULATED
Cis 0.0265 0.0296 0.0008 -0.0003 0.0054 0.0265 OBSERVED
0.0284 0.0272 0.0032 0.0013 0.0029 0.0284 CALCULATED
Cie 0.0294 0.0265 0.0018 -0.0040 0.0048 0.0294 OBSERVED
0.0313 0.0272 -0.0001 -0.0065 0.0036 0.0313 CALCULATED
Cy7 0.0253 0.0314 -0.0032 0.0025 0.0014 0.0253 OBSERVED
0.0262 0.0314 -0.0034 0.0028 0.0016 0.0262 CALCULATED
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Fig. 2. (color online) MoPro diagram: thermal ellipsoids are shown for
the 50% probability level.

In the general treatment of the molecular thermal motion
in terms of rigid-body (T'LS)) the calculated anisotropic ther-

mal parameters are given in the Trueblood notation such as:!!!]

Uy = Ty + Grgr Lk + Hyx . SKL+ D* Q2

ninj»

2

where G, and D are geometrical parameters. The last term on
the right-hand side of Eq. (2) is related to any additional intra-
libration (£2) around a chosen axis. The rigid-body fit suggests
one independent liberation axis around the bond C(8)-N(1).
The thermal motion of the H atoms takes into account two
contributions. The first one is due to the rigid molecular mo-

tion and the second one comes from the C—H vibrations. 113

The T, L, and S tensors obtained from the least-square fit-
ting are given in Table 5. The C-H bond frequencies of the
molecule are cited from Baert et al.’s work.!'*! The results of
the thermal motion parameters of the H atoms are summarized
in Table 6. Using the MoPro viewer diagram,[!>! the ellip-
soids of the different atoms representing their thermal motion
described above are shown in Fig. 2.
Table 4. Matrix for differences in MSDA (mean square displacements

of atoms): values listed are 10* MSDAs for column atom minus that for
row atom.

Ci7 Cig Ci5 Cia Ci3 Ci2 Cpy Cip Gy C3 C7 G Cs Cq C3 G

0O, 9

Cio -2

Table 5. Rigid body vibration parameters of the T', L, and .S tensors.

T L/A?

S/rad-A

0.02425 —0.00103 —0.00185
0.02446 —0.00149
0.02188

0.00005 0.00007 —0.00035
0.00324 —0.00217

0.00035 —0.00007 0.00013
0.00007 —0.00051 0.00050

0.00157 0.00009 0.00037 0.00015

Table 6. Thermal vibration parameters for the H atoms calculated from the T"L S group tensors plus the internal C—H bond vibration.

Atom Uy Uxn Us3 Uiz U3 U
H; 0.0316 0.0328 0.0274 -0.0057 -0.0044 0.0050
Hj; 0.0332 0.0384 0.0331 0.0006 0.0019 0.0114
Hy 0.0325 0.0283 0.0315 0.0066 0.0142 0.0046
Hs 0.0391 0.0256 0.0395 -0.0026 0.0056 0.0027
Hg 0.0339 0.0267 0.0366 -0.0057 -0.0017 0.0025
Hy 0.0256 0.0249 0.0268 -0.0023 0.0000 -0.0003
Hy 0.0472 0.0302 0.0265 -0.0119 -0.0073 0.0012
Hjo 0.0496 0.0282 0.0290 -0.0114 -0.0032 0.0005
His 0.0304 0.0256 0.0235 -0.0022 -0.0020 -0.0012
His 0.0288 0.0298 0.0292 0.0053 0.0070 0.0047

Hi7A 0.0382 0.0301 0.0379 -0.0074 0.0015 0.0057

H7B 0.0563 0.0253 0.0311 —-0.0050 0.0092 —-0.0002

H{;C 0.0397 0.0263 0.0330 0.0000 0.0115 0.0026

3. Theoretical ab initio investigation

In order to investigate the theoretical calculations of
the molecular structure parameter the ab initio methods are
adopted. These calculations are performed with the density
functional theory (DFT) at B3LYP (Becke’s three-parameter

hybrid functional using the correlation functional of Lee,
Yang, and Parr, which includes both local and non-local terms
in the correlation functional) method at the 6-31G* level using
the Gaussian 03 computational chemistry program package. "’
The parameters of the optimized structure (bond lengths and
bond angles) are listed in Tables 7 and 8 respectively. It has
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been observed that all the calculated parameters are in accor-
dance with the x-ray results. In spite of the differences, the

Table 7. Bond lengths of 4-methyl-7-(salicylideneamino) coumarin in
units of A.

Atom 1 Atom 2 Distance

X-ray DFT HF
0O Cy 1.349 1.361 1.354
Cs Cie 1.212 1.229 1.207
Cy Cs 1.394 1.403 1.390
Cy Cs 1.395 1.409 1.395
Co Cio 1.376 1.386 1.376
Cig Cis 1.348 1.364 1.342
N Cy 1.288 1.307 1.275
Cy Cy 1.413 1.427 1.401
Cy Cia 1.450 1.456 1.463
Cig Ci7 1.495 1.507 1.503
Cy Ce 1.403 1.414 1.400
Cs Cy 1.379 1.391 1.379
Cs Ce 1.379 1.388 1.377
Cg Co 1.399 1.413 1.399
Cio Cn 1.399 1.413 1.400
Cip Ci3 1.384 1.393 1.382
Cy Cie 1.380 1.428 1.378
Cy Cy 1.448 1.442 1.455
Cg Ci3 1.390 1.402 1.386
Cis Cis 1.441 1.449 1.453

Table 8. Bond angles of 4-methyl-7-(salicylideneamino) coumarin in
units of (°).

Atom 1 Atom 2 Atom 3 Distance
X-ray DFT HF
Cie Cy Cpa 121.50 122.10 123.80
Cg Ny Cy 120.89 123.04 123.12
Cy C3 Cy 120.33 119.95 120.04
Cs Cy Cs 120.92 120.99 120.78
C Ce Cs 121.38 121.05 121.40
C Cy Ny 121.43 121.84 123.35
Cio Cy Csg 120.57 120.47 120.35
Ciy Cio Cy 121.29 121.18 121.05
Cg Cis Ciz 118.77 119.36 119.03
Cie Cis Cis 123.06 123.59 122.76
Cy C Ce 118.72 118.78 118.59
Cy C Cy 121.50 120.84 122.35
Ce Cy Cy 119.78 120.36 119.04
0 C, Cy 118.76 121.24 122.44
(o) Cy C3 119.55 118.91 117.43
Cy Cs Ce 119.11 119.36 119.04
Ny Cg Ci3 123.68 123.21 122.88
Co Csg Ci3 119.52 119.39 119.59
Cg Cy Cio 120.57 120.47 120.35
Cy Cie Cs 116.40 117.44 118.64
Cy Cy C3 119.55 119.59 120.11
Cy Cs Ce 119.11 119.08 119.04
Ny Cg Co 116.76 116.76 117.49
Cio Ciy Ci2 116.87 116.88 117.32
Cio Ciy Cis 124.43 124.40 124.60
Ciz Cii Cig 118.70 118.70 118.06
C, Ci2 Cii 121.23 121.27 120.52
Cy Cia Ci3 115.79 115.73 116.85
Cyy Cp2 Ci3 122.98 122.98 122.62
Ciy Cis Cis 118.32 118.31 119.27
Ciy Ciy Cyi7 120.46 120.45 119.62
Cis Ciy Cyi7 121.22 120.85 121.09
Cig Cis Cis 123.07 123.10 122.76
C, Cie Cis 117.19 117.16 115.57
Cj Cis Cys 126.41 126.45 125.77

determined geometric parameters represent a good approxima-
tion which enables the calculation of other parameters, such as
the vibrational wave numbers. It should be noted that some of
the optimized bond lengths and bond angles have slightly dif-
ferent values from the corresponding experimental ones due to
the fact that the theoretical calculations consider only isolated
molecules in the gaseous phase while the experimental results
refer to molecules in a crystal environment.

4. Results and discussion
4.1. Electron density maps

The non-spherical atom model used in multipole refine-
ment gives structure factor phases closer to the true phases for
crystals than the spherical model does. This enables the map-
ping of the electron density distribution by using difference
Fourier synthesis to observe the experimental charge density
deformation of the molecule.

Figure 3 shows the electron charge density distributions in
two different planes of the molecule: the first plane (a) formed
by the electro-acceptor group (2-hydroxyphenyl), and the sec-
ond plane (b) containing the electro-donor group (coumarin).
In these figures, one can observe the absence of the density
on the atomic sites and the appearance of all the bond density
peaks as expected in the literature. These maps show a first
confirmation concerning the high quality of the data sets and
the efficiency of the used model of Hansen and Coppens. [°!

Fig. 3. (color online) Deformation density maps with a contour interval of
0.05 eA~3, positive density in blue, and negative density in red: (a) plane of
the 2phenol amino, (b) the coumarin plane, (c) in the plane of intramolecu-
lar hydrogen bond Nj...Hj... Oy, and (d) in the plane of the intermolecular
hydrogen bond C5...H7...0s.

4.2. Electrostatic molecular properties

The knowledge of the analytical function of the electron
density distribution produced by high resolution x-ray experi-
ment, could give rise to some important molecular electrostatic
properties such as the atomic net charges, the molecular dipole
moment, and the electrostatic potential around the molecule.
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4.3. Net atomic charges

The partial charges on the different atoms are estimated
by using the valence population coefficients p!, according to
the following equation g; = n; — pi where n; is the total num-
ber of electrons of atom i. The population coefficients are pre-
sented in Table 9. The refined atomic charges have the signs
generally determined by the chemical knowledge: H atoms
are positively charged, whereas O and N atoms are negatively
charged. In Table 8 the theoretical net charges are also re-
ported. It can be observed that experimental and theoretical
results are in agreement.

Table 9. Net charges (g) in the different atoms of the title compound.

Atoms Pv gx—ray 4ab initio
(o)} 6.25076 -0.25076 -0.69457
C, 6.23176 -0. 23176 -0.50534
Cs 6.13276 -0. 13276 -0.53473
Ny 5.12076 -0. 12076 -0.52180
Cy 3.93076 0.06924 -0.18991
C, 4. 01576 -0. 01576 0.36941
C3 4.01676 -0. 01676 -0.28583
Cy 4.05200 -0.05200 0.20081
Cs 4.05200 -0.05200 -0.27506
Ce 4.05200 -0.05200 -0.19055
Cy 4.13276 -0. 13276 0.11570
Cg 3.97976 0.02024 0.15663
Co 4.05200 -0.05200 —0.23848
Cio 4.05200 -0.05200 -0.20225
Ciy 3.93076 0.06924 -0.13470
Ci2 3.93176 0.06824 0.34866
Ci3 4.05200 -0.05200 -0.28748
Ciy 4.03376 -0. 03376 0.05188
Cis 4.05200 —-0.05200 —0.34395
Cie 4.10776 -0. 10776 0.72211
Cyi7y 4.00476 -0. 00476 -0.72367
H; 0.80676 0.19324 0.52040
Hj 0.91276 0.08724 0.26146
Hy 0.91276 0.08724 0. 24945
Hs 0.91276 0.08724 0.24893
Hg 0.91276 0.08724 0.24409
Hy 0.85176 0.14824 0.21558
Hog 0.91276 0.08724 0.26002
Ho 0.91276 0.08724 0.25161
His 0.91276 0.08724 0.26638
H;s 0.91276 0.08724 0.26658

Hy7a 0.95376 0.04624 0.26077

Hy7b 0.95376 0.04624 0.26049

Hj7c 0.95376 0.04624 0.25897

4.4. Molecular dipole moment

On the basis of the population coefficients of the mul-
tipolar density model, the molecule dipole moment could be
predicted by using the following equation:

4n+3 . .
w=Y qri+y, Y (Paii + pyij + pik) (3)
7 T ki

where r; is the atomic position, n the number of electrons
in the molecule, and Pi are the dipolar electron populations.

Dipole moment orientation in the molecule is shown in Fig. 4.
There is no paradox between the resulting molecular dipole
moment direction and the evaluation of the positive sign of the
net charges on the H atoms and the negative sign of the net
charges on O, and N atoms. The net charges on the different
atoms and the molecular dipole moment are also estimated by
ab initio (B3LYP/6-31G*) calculations. In this procedure the
treatment is restricted to the valence—shell electrons. The re-
sults of these calculations are presented in Table 10. From the
results, it is shown that the values obtained with x-ray diffrac-
tion and the values obtained by theoretical DFT calculations
are in agreement. The analysis of the obtained dipole moments
shows that the size and direction of the dipole moment vector
depend mainly on the position of the substituent, furthermore
the orientation of the dipole moment vector is oriented toward
2-hydroxyphenyl.

Fig. 4. (color online) Orientation of the molecular dipole moment of the
title compound; the origin is at the center of mass of the molecule; fexp:
molecular dipole moment from the multipolar model; ti.: molecular
dipole moment from the ab initio calculation.

Table 10. Components of the dipolar moment: x-ray experiment and
theoretical ab initio calculations.

M Hy He u Debye
Experimental -0.2171 -0.4577 5.9437 5.9652
. (6-31G*B3LYP) -1.002 -3.1921 1.4912 3.6629
Theoretical
(HF) -1.3088 -3.5770 2.6871 4.6613

4.5. Electrostatic potential

As is well known, the electrostatic potential plays a very
essential role in the study of the intermolecular interactions
of molecular systems. From the obtained continuous charge
distribution at a point defined by 7/, the potential is given by

o= [ ’|"r°‘j15f) dr “)
in which Py, represents both the nuclear and the electronic
charge. The integration goes over the molecular volume, and
r represents the atomic position relative to a common origin.
Figure 5 presents the electrostatic potential distribution
around the molecule obtained from the experimental x-ray
diffraction data (Fig. 5(a)) and the ab initio theoretical calcu-
lations. The obtained electrostatic potential as shown in Fig. 5
is composed of the positive electrostatic potential around the
2-hydroxyphenyl groups and the negative electrostatic poten-
tial around the coumar in the groups region. This figure also
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confirms the nature of the intramolecular charge transfer as de-
termined by the orientation of the molecular dipole moment.

Fig. 5. (color online) Electrostatic potential maps around the molecule.
Panel (a) shows the ab initio molecular orbital calculations of the elec-
trostatic potential distribution, and panel (b) displays the electrostatic
potential distribution predicted from the experimental x-ray diffraction
data.

5. Conclusions

In this work, an accurate charge density function is deter-
mined in a high resolution crystallographic experiment. This
function enables the derivation of some electrostatic molecu-
lar proprieties such as the dipole moment and the electrostatic
potential on the basis of the multipolar charge density distri-
bution model of Hansen and Coppens as is the case in many
previous studies.!1617]

The structure refinements are achieved by using the mul-
tipolar model. All non-hydrogen atoms are refined anisotrop-
ically and are subjected to local symmetry constraints. The H
atom anisotropic parameters are obtained from thermal motion
analysis based on the rigid body bond test. The final reliability
factor R is found to decrease until 0.4%. This very low value
testifies about the quality of the used experimental data and
the efficiency of the multipolar model to describe the electron
density distribution in crystals.

Using the MoPro package, a variety of dynamic density
deformation maps can be drawn in which the accumulation
of the electron charge density along the chemical bonding is
shown clearly. It is found that the electron density distribution
is almost centered in the middle of the chemical bonds and the
oxygen free electron pairs are perfectly localized.

The ab initio theoretical structure investigation using the

Gaussian 03 package leads to an optimized molecule with
bond lengths and bond angles closer to the x-ray experimental
results. No significant structural changes are observed com-
pared with the previous results. In general the theoretical elec-
trostatic properties are in good consistence with those derived
from the experiment.

Finally, the obtained results indicate the direction of
charge transfer within the molecule. The deformation of the
electrostatic potential of the title compound shows that the
electronegative potential is located on the side of the coumarin
group whereas the electropositive potential is on the side of 2-
hydroxyphenyl. For a more comprehensive study of the effect
of electron charge transfer in this important biological com-
pound, it is recommended to complete the study by perform-
ing a vibrational analysis using FT-Raman and FTIR spectro-
scopic techniques.
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