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Abstract
The theortical calculations for pyrocatechol with and without  intramolecular hydrogen bonding (I, II and

III) were performed by quantum chemical methods. The optimized structures of the compounds(I,II and III)
were obtained by using the Density functional theory (DFT /Slater) level of theory using the basis set 6-
311G(d,p). Study Showed that the value of total energy for form (II) is less than compounds (I and III),
which strongly indicates the stability of form(II). Also  the dipole moment of form (II) is high compare with
the forms (I and III). The calculation also shows a decrease in the length of hydrogen bond in form (II)
compare with that of form (III). The thermodynamic  calculation were carried out  for (I,II andIII)and
showed that favorable state is form (II)( more stable).
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Introducation
Catechol is the active center for natural phenolic

antioxidants(1,2). Phenolic antioxidants have been
extensively used in chemical industry, food industry,

and pharmaceutical industry(3-5). Therefore, the
study of intramolcular hydrogen bonding in
catechole(Pyrocatechol) is very important because,
as known to all, the  boiling and melting points
,vapour pressure, solubility, density , viscosity, heat
conductivity, heat expansion, dielectric constant,
dipole moment, electro conductivity, ionization,
another optical properties, spectra, acid-base,
tautomeric and biological activity of chemical
compound contributed essentially to helix and to
double-helix stability depends on the presence of
intramolecular hydrogen bond (IHB). For the
directive synthesis of compounds, the quantam
chemical evaluation of the IHB effect on the
electronic structure of molecules is of great

interest(6-11). Theoretical foundations for modern
chemistry have been well developed through  70
years ago and in principle it  become possible to be
used for the predication of the interaction of atoms
in molecule. Theoretical calculation methods are
helpful tools for elucidating structure and behavior
of molecules , atoms and electrons. One of the
software packge for computational chemistry is
PCGAMESS, it is a powerful computational
package , and it offers many types of molecular and

quantum mechanical calculations(11-14).In this
work we attempt to study the  intramolecular
hydrogen bonding, electronic properties, and
relative stabilities in pyrocatechol by performing
Density functional theory (DFT /Slater) level of
theory using the basis set 6-311G(d,p)

. .
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Computational method
A full quantum mechanical geometry

optimization was performed by PCGAMESS
computational program.The calculations was done at
the (DFT /Slater) level of theory use the basis set 6-

311G(d,p) by using facio as interface (15)

Three types of with and without  intramolecular
hydrogen bonding, species were optimized by the
(DFT /Slater) method. All calculations were
performed on the Pentium (R)4/IPM-PC- CPU
3.00GHz, 2.00GB

Results and Discussion
The geometry optimized structures with and

without intramolecular hydrogen bonding of
pyrocatechol( I, II and III ) are visualized in ;Figs I,
II and III and the selected structural data are

summarized in Table 2.

I pyrocatechol without IHB II pyrocatechol with IHB

III Predication of pyrocatechol with IHB
Figure  1. DFT-calculated optimized structures of the  possible intramolecular hydrogen bonding and without

intramolecular hydrogen bonding for the pyrocatechol in gas phase
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It can be seen from Table 1 that, the total energy
of the pyrocatechol with and without intramolecular
hydrogen bonding have almost similar energies and
thus comparable stabilities, while the form III has
much more energy and accordingly less stability in
comparison with the other Forms. This may be
rationalized on the basis that the form III has a steric
hindrance through the C—O—H------O–C and C—
O----H—O—C system and this is responsible for the
increase energy and less stability comparison with
the forms I and II. The calculated energies show also
that within the form II most stable structure more
than form III, and I because have intramoleuclare
hydrogen bonding by one side and with less a steric
hindrance. So that  the form  III have more energy
and less stability. On the other hand the form II has
less energy and more stability. In addition the form
II is more stable because of the  OH group which
causes intermolecular hydrogen bonding have trans
configuration ( the value of the  dihedral angle 12-8-

7-11 = 180) while the form I and III, have Cis
configuration( the value of the  dihedral angle 12-8-
7-11 = -0.057, 0.000 sequence).
As well as the form III have high  energy potential
compare with form II ( Trans configuration )
because of electronic repulsion between H11, H12,
in addition the less intermolecular distance between
H11-H12 is ( 1.63 A). While in the form II the
intermolecular distance between H11-H12 is ( 2.78
A) which causes  decrease the energy potential. On
other hand the form I have high energy potential
compare with the forms II and III, because of  the
intermolecular distance between hydrogen atoms
H11-H12 is large ( 4.66 A) which causes decrease
electrostatic intermolecular( van der waals) forces ,

so the form I have high energy potential(16-18).

Table 1 Energy (Kcal/mol) of the Pyrocatechol without IHB and with IHB

Dipole moment (debye)*Total Potential Energy in
a.u

*Total Energy
In a.u

Compound

0.814715-751.5300-375.8123I without IHB

2.868571-751.6562-375.8187II  with IHB

1.553794-751.5794-375.8063III with IHB

: Minus sign denotes lower energy (stabilization )for the total energies calculated.٭

From Table 2, we can see the important optimized
bond lengths and bond angles which participate in
forming IHB in the forms II and III. The bond length
H(11)-O(8) in form II found 1.6370(A) shorter than
bond length H(13)-O(8)and H(14)-O(7)in form III.
Also the bond angle O(7)-H(11)-O(8) in form II
largest than bond angle O(7)-H(13)-O(8)and O(8)-
H(14)-O(7)in form III, The changes of the bond
lengths and bond angles in the forms II and III
indicate the presence electric static which
participates in forming the IHB. As a result, a
shortening of [H(11)-O(8)=1.6370] distances in
form II compared with the form III [H(13)-O(8)=
2.3716, H(14)-O(7)= 2.3717], this showed a strong
to be discordant in form III which causes more
energy and less stability .On the other hand  this
behavior reflects the strong electrostatic attraction
and the sterices effects its very important chemical
bonding. So that the form  III have more energy and
less stability compared with the form II less energy

and more stability, this indicate the shorter O…..H

in form II  contact is in agreement with the large

stability(19-21). The energy of the hydrogen
bonding  has been calculated according to the

equation as shown below(22-23)

EH-bond = Ewith-HB— Ewithout-HB

The value of the energy of hydrogen bonding in

form (II) was -52.5847 KJ.mol-1(more stable ),
while in the form (III) the energy of hydrogen

bonding was 15.9226 KJ.mole-1, probably the most
studied hydrogen bond is that in water dimmer,

found to be -23 ± 3 KJ. mol-1 experimentally(24).
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Table 2 Selected structural parameters of the optimized compounds, bond distance(A°)  X1—H- - - - X2 and
bond angles(° ) X1—H-----X2.

In the Table 3; excitation energy of the pyrocatechol
without IHB and with IHB calculated, it can be seen
that the form I has need less energy to electronic

excitation because of have high HOMO energy(-

3.793 eV) compare with less of the HOMO energy
to the forms II and III ( -3.842 ev, -4.014 ev

sequence),(20-25)

Table  3 Excitation Energy of the Pyrocatechol without IHB and with IHB

On the basis of vibrational analysis and statistical
thermodynamic, the standard thermodynamic
functions, H, G, Cp, S at constant temperature
298.15 k, were obtained and listed in Table 4, it can
be observed that the composition  the form II have
more spontaneity compare with forms I, III, because
of the form II have less  free energy ( G), on the
other hand the form II showed increase value of
entropy(S) and decrease value of enthalpies(H)
compare with the form III. Also increase entropy(S)

to form II lead to more spontaneity compare with
form I, in spite of have high enthalpies(H) value
compare with form I , this is obvious in the total free
energy ( G) are less in form II compare with the
form I, and this lead to increase entropy toward to
favorable state ( more stable) , this in agreement and

with thermodynamic laws(22-26).

Table 4 Thermodynamic Properties with and without  intramolecular hydrogen bonding of pyrocatechol at
temperature 298.15 k

Conclusion
The quantum chemical calculations can be

successfully used for the prediction of
intramolecular hydrogen bonding, electronic

properties, and relative stabilities in pyrcatechol.

.

Bond
angles(°)

Bond angles(° )Bond
Length(A°)

BondBasis setCompound

--------------------------------6-311G(d,p)I without
IHB

122.5O(7)-H(11)-O(8)1.83H(11)-O(8)6-311G(d,p)II  with IHB

109.6
109.7

O(7)-H(11)-O(8)
O(8)-H(12)-O(7)

2.38
2.38

H(11)-O(8)
H(12)-O(7)

6-311G(d,p)III with IHB

Enrgy
Kcal/mol

λmax
nm

OSC. STRCompound

104.76082720.0416075I without IHB

106.81972670.0409871II  with IHB

107.01422670.0341864III with IHB

S
cal/mol. K

Cp
cal/mol. K

G
Kcal/mol

H
Kcal/mol

Compound

80.56729.77544.83468.855I without IHB

82.13929.66344.71169.200II  with IHB

75.81924.22452.66175.266III with IHB
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المستخلص:
ة والال یب حث دراسة نظرة للخصائص والصفات التر ولكتم في هدا ال ات ایرو ة لل بوجـود التاصـر الهیـدروجیني الضـمني )I,II,III(ترون

ـــاء الكـــم.هعـــدم وجـــودو  م طرقـــةانجـــزتبواســـطة  ة  للتراكیـــب  ةوعنـــد المســـتوDFT/Slaterالموائمـــة الهندســـ -6المجموعـــة الاساســـ
311G(d,p)

ـة للاظهـرت. ـة للقـلأIIجزئـة الدراسـة أن الطاقـة الكل ـة للجزئـة IIIوIتینجـزئمـن الطاقـة الكل ـد الاسـتقرارة العال ـدلك اظهـرت IIوهـدا یؤ
ة لعزم ثنائي القطب الدراس مة العال ات I,IIIالجزئات مقارنة مع IIللجزئةة الق مـا بینـت الحسـا ـة و النظرـة تنـاقص طـول الاصـرة الهیدروجین

ة في الجزئة IIفي الجزئة ـة للجزئـات و.IIIمقارنة مع طول الاصرة الهیدروجین ووجـد ان الحالـة I,II,IIIتم حسـاب الخـواص الثرموداینم
ون فیها  ل Sالمفضلة  التي  ملكه الش ن هو ما  م .IIاعلى ما 


