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Abstract:

This study involved the adoption of the program (Gaussian 03) to use the method of calculation
the total (Ab initio of method) according to the Hartree — Fock method (RHF) , for the purpose of
the expense of dimensional geometric ( lengths and angles bond) when the geometry of a
balanced, functions thermodynamic, some physical properties, charges for derivatives ring 4-
(1,3,4-thiadiazol-2-yl)benzene-1,3-diols.

Calculation results have shown  that the compound (R-NHC¢Hs)has highest value of
thermodynamic functions (E° , H’ , G° , A°) but the compound (R-NHC¢H,-Cl) has the highest
value of heat capacity and Entropy (Cy , Cp,S") . The results showed that both nitrogen atoms
(No , Ng ) has the highest negative charge when the compound (R-NH2) , which makes it a strong
legend when Linked to metal and the formation of the complex.

For (R-NH2, R-NHC¢Hs, R-NHC¢H4-Cl , R-NHCH4-F) molecules the calculated some of
physical properties ( dipole moment p in Debye ) , orbital energies (Enomo , ELumo in e V), IP (in
¢ V), (measurement stability A ), hardness nand Electron Affinity E 4 ).Also For these molecules
the calculated (AHf ° (in kJ/mole) by using (semi-empirical method AM1 model in MOPAC
program). Calculation results have shown that the compound (R-NHC¢Hy-F) the lower value of
the heat of formation (the more Stability) as well as has less value of IP that means it’s the highest
active between the compounds. When the compound (R-NH2) has less value of orbital energies
(Enomo » ELumo) and AE that means this compound more active than other compounds ,This
difference in results come according to the difference of substituted groups.
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Introduction.

Heterocyclic moieties can be found in a
large number of compounds which display
biological activity. The biological activity of
the compounds is mainly dependent on their
molecular structures [1].1, 3, 4-thiadiazoles
are very interesting compounds due to their

important applications in many
pharmaceutical, biological and analytical field
(2, 3]

Thiadiazole and its derivatives are used
for biological activities such as antiviral,
antibacterial, antifungal and antitubercular 10.
The antileukemic action and host toxicity of
the  thiadiazoles  were  blocked by
administration of nicotinamide. 1, 3, 4 -
Thiadiazole are diversified biocidal activities
probably by virtue of a toxophoric —-N=C-S-
Grouping. A large number of 4-
thiazolidinones have been reported to be
antifungal, antibacterial and antileukemic
properties. These observations prompted us to
synthesis the title compound with a
presumption that incorporation thiadizole and
thiazolidinones  wound  produce  new
compound with  significant  fungicidal
properties[4].

The term theoretical chemistry may be
defined as the mathematical description
ofChemistry[5 , 6] . The term computational
chemistry is usually wused when a
mathematical methodis sufficiently well
developed that it can be automated for
implementation on a computer[7]. The most
important numerical techniques are ab-initio,
semi-empirical and  molecularmechanics.
Definitions of these terms are helpful in
understanding the wuse ofcomputational
techniques for chemistry. Ab-initio : a group
of methods in which molecular structures can
be calculated wusing nothing but the
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Schrédinger equation, the values of the
fundamental constants and the atomic
numbers of the atoms present. The most
common type of ab-initio calculation is called
Hartree-Fock calculation[8,9,10].

For hydrogen the exact wave function is
known . For helium and lithium , very
accurate wave function have been calculated
by including inter electronic distances in the
variation functions[11,12]. For atoms of
higher atomic number, the best approach to
finding agood wave function lies in first
calculating an approximate wave function
using the Hartree-Fock procedure , which we
shall outline in this research [13]. The
Hartree-Fock method is the basis for the use
of atomic and molecular orbitals in many —
electron systems.

h2 n 5 n ZGZ n-—1 n 62
V- -
w2 Vit T 2

H = -
T i=1 I

The first sum refers to kinetic energy
operators for the n- electrons. The second sum
is the potential energy for the attractions
between the electrons and nucleus of charge
Z¢* for neutral atom, Z =n. The last sum the
potential energy of the nucleus of electronic
repulsions, the restriction j> 1  avoids
counting the same inter electronic repulsions
twice and avoids terms like( e’ /r;; )[14,15,16].
The Hartree-Fock SCF Method. Because of
inter electronic repulsions terms (¢ /rji ) the
Schrodinger equation for an atom is not
separable. The zero th — order wave function
would be a product of n hydrogen like (one
—electron)orbitals:

v =1,(1,0,9)1, (£,0,,9,)..1,(1,,0,.9,)

where the hydrogen like orbitals are

f =R (r)Y."(0,¢)then the

i=1 j=i+1 T}
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Schrédinger equation for Hartree-Fock SCF :

{ " }qa):elq(l)

e

V:potential energy , € is the energy of the
orbital of electron 1.Also this equation used
for molecules which contain many

electrons[17,18,19].
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Results and Discussion.

Geometrical parameter.

In this research  calculated the
molecules geometry such as (bond lengths
and bond angels ) of the four molecules of
derivatives 4-(1,3,4-thiadiazol-2-yl) benzene-
1,3-diol(R-NH2 , R-NHC6H5 , R-NHC6H4-
Cl , R-NHC6H4-F) , using the Ab initio
method of according to the Hartree — Fock
method (RHF). According to the results
calculated and recorded in the (table land
fig. 1) . Show that each the bonds(Cio-
N14)and(C10-N9)in R-NH, has
compared to other compounds

compound
less value
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studies this value may be return to the Ion
pair in nitrogen atom and electron with
drawing of substituted groups of the other
compound .Where the bond (Cjy9-S11)the
compound R-NH; has high value compare
with the other this value this caused by
electron pair on S atom in this bond length
that caused conjugated effect with substituted
groups.

Also the change of the group substituted
had effect on the value of the angles of the
compounds studied in this research , have
shown calculation in the (table land fig.1).
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That the angle (£ C9N14S1s)showed that in
R-NHCgH4-F and R-NHC¢Hy4-Cl larger than
the other compound because the large size of

substituted group in the compounds when the
angle (£C7S11Cy9) the compound R-NH-

of the substituted groups. Also the result
showed that the angle (Z£N¢Ci¢S11) the
compound R-NH-PHF has larger value than
the other’s return to difference in molecular
weight of substituted groups on Cjowith the

PHF has larger value than the other’s because difference  of electro-negative the
of the lon pair on S with the electronagativity substituted groups.
“ » . .
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Fig.(1): The geometric equilibrium for the derivatives of 4 (1,3,4- thiadiazol-2-yl) benzene— 1,

3- diol.

Table ( 1) : Calculated geometric parameters (bond lengths in Angstrom length angles in

degree) of the derivatives 4 (1,3,4- thiadiazol2-yl) benzene— 1, 3- diol.

R-NH2 R-NHC6HA4F R-NHC6H4C1 R-NHC6HS5
Para. Geo | Bond Para. Geo Bond Para. Geo Bond Para. Geo Bond
Length Length and Length Length and
and Angle and Angle Angle
Angle
R(4-7) 1.466 R(4-7) 1.497 R(4-7) 1.497 A(2-1-6) 119.5
R(5-6) 1.374 R(5-6) 1.374 R(5-6) 1.374 A(2-1-13) 117.6
R(9-10) 1.284 R(9-10) 1.315 R(9-10) 1.314 A(1-13-25) 105.4
R(10-11) | 1.803 | R(10-11) 1.739 R(10-11) 1.739 A(3-2-21) 118.8
R(10-14) | 1.346 | R(10-14) 1.404 R(10-14) 1.407 A(2-3-4) 120.1
R(12-18) | 0.946 | R(12-25) 0.985 R(12-25) 0.985 A(2-3-12) 113.5
R(13-19) 0.950 R(13-26) 0.989 R(13-26) 0.989 A(4-3-12) 126.4
R(14-20) | 0.989 | R(14-15) 1.428 R(14-15) 1.423 A(3-4-5) 117.4
R(14-21) | 0.992 | R(14-27) 1.020 R(14-27) 1.020 A(3-4-7) 126.4
A(7-11-10) | 85.6 | A(7-11-10) 87.0 A(7-11-10) 86.9 A(7-11-10) 87.0
A(8-9-10) | 113.8 | A(8-9-10) 111.0 A(8-9-10) 111.0 A(8-9-10) 111.0
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A(9-10-11) | 113.2 | A(9-10-11) 115.2 A(9-10-11) 1152 | A(9-10-11) 115.2
A(9-10-14) | 124.7 | A(9-10-14) 1183 A(9-10-14) 1183 | A(9-10-14) 1183
A(11-10-14) | 122.1 | A(11-10-14) | 126.5 A(11-10-14) | 12655 | A(11-10-14) | 126.5
A(10-14-20) | 1226 | A(10-14-15) | 1323 A(10-14-15) | 1324 | A(10-14-15) | 132.4
A(10-14-21) | 118.1 | A(10-14-27) | 1120 | A(10-14-26) | 112.0 | A(10-14-26) | 112.0

— | A@51427) | 1157 A(15-14-26) | 1157 | A(15-14-26) | 1157
— | A(14-15-16) | 116.6 | A(14-15-16) | 116.6 | A(14-15-16) | 116.6
— | A(14-15-20) | 1245 A(14-15-20) | 1245 | A(14-15-20) | 1245
— | A(9-10-12) 115.2 A(9-10-11) 1152 | A(16-15-20) | 119.0
-~ | A(9-10-14) 118.3 A(9-10-14) 118.3
- | A(16-15-20) | 1188 | A(16-15-20) | 119.0
— | A15-16-17) | 1209 A(15-16-17) | 1205
— | A(15-16-28) | 119.2 A(15-1627) | 119.2
— | A(@15-20-19) | 1203 A(15-20-19) | 119.9
— | A@15-20-31) | 120.9 A(15-20-31) | 120.9
— | A@7-16-28) | 119.9 A(17-1627) | 1203
— | A(16-17-18) | 1198 | A(16-17-18) | 120.5
— | A(16-17-29) | 1206 | A(16-17-28) | 119.4
— | A(1817-29) | 1196 | A(18-17-28) | 120.1
— | A@17-18-19) | 1196 | A(17-18-19) | 119.2

Physical properties.
Depending on the Ab initio method of
calculation Hartree — Fock method (RHF) , is
calculate some physical properties of the
molecules studied in this research; Dipole
moments (n in Debye) , energies (e V) of the
high Occupied Molecular Orbital (Egomo)
and the Lower Unoccupied Molecular Orbital
(Erumo) and according Koopmans theorem
(the negative Egomo is equal to the ionization
potential) the calculation has been ionization
energies (eV) , Also calculated the energy
difference (AE , eV), And finally calculated
{Molecular Hardness)Hardness(n) = '2( F
uomo -E 1imo), (Electron Affinity) EA = -
E11mo according Koopmans  theorem for N
system of electrons.
Shown this results

(table :2) that
compoundR-NH; has high value for each of
(Dipole moments , IP),And less value in
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Enomo(less  the value of a
energy),AndAE(sense of activity of this
compound is high)and( Hardness n_, Electron
Affinity E,) where the compound R-NHPH
has less value in (IP , Erymo)this means that
this compound has more ability to lose
electrons and be easier ionization compared to

other compounds[20-23].

negative

Also ,The MOPAC computational
packages (semi-empirical method , AMI
model) employed to compute physical
properties; heats of formation (AHf, kJ.mol-
1)[24,25]. the results showed (Table:2) for
the compound R-NH-PH-Fhas lower heat of
formation (more stability), Whereas the
compound R-NHC¢Hs) has a higher heat of
formation (less stability), Perhaps due this
result to the effect of the group substitutes for
the stability the compound , as previously
mentioned reason.
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Table 2:Calculated AHf ( kJ.mol ! ), u (in Debye) ,orbital energies (Enomo ErLvows AE in eV),
IP(in eV) , E4 (in €V) , and n(in eV) for the derivatives of 4 (1,3,4- thiadiazoF2-yl) benzene—
1, 3- diol.

Comp. R- NH, R-NH PH R- NHPHF R- NH PHCL
AHf -0.5009 6.8153 -2.0260 5.8275
P 2..5914 1.9902 1.0796 12132
HOMO -8.3053 -5 .8573 -5. 8385 6. 0750
LUMO 2.9231 5.3792 5.3327 5.15606
AE 10.5976 11.2365 11.1712 11.2310
IP 8.3053 6 .0750 5.8385 6 .07498
E, -8. 9231 -5.1561 -5.3327 5. 1561
n -4.1526 -3 0375 -2.9193 -3.0375

E°, H°, S° A° and Go thermodynamic
functions .Thermodynamics functions

Thermodynamics functions
The fundamental vibration frequencies

for the (R-NH2 , R-NHC¢Hs  R-NHC¢Hy4-Cl
, R-NHC¢Hy4-F) molecules along with the
rotational constants, obtained in this study,
where used to calculate the vibration and
rotation contributions to the thermodynamic
functions according to the statistical
thermodynamic equations.

standard and heat capacity for the studied
molecules listed Table: 3 looking at the
calculation results show that each of the
thermodynamic functions (GO, A%, B, HO)
have the same gradient values (different the
group substitutes),
R-NH-PH > R-NH-PH-CI1 > R-NH-PH-F >
R-NH;
While the functions (Cyv , Cp , S°) have the

3N-6 R T X . — same  gradient
U, = eX"——ll X, = 144y values (different
T T  the group
substitutes),
N6y . R-NH-PH-CI1 > R-NH-PH-F > R-NH-PH >R-
0 i -X;
SVib:RZ|:eXi l—ln(l—e ) NH;
i=1 -

1 3
o _gl2 +1n8n2(87r21XIYIZ)2 (KT)2
" 2 oh’

These two contributions along with the others
contributions, for the translation, electronic,
andnuclear motions, where used to calculate
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The deferent thermodynamics functions
values due to deferent substituted groups(X),
viz, the nitrogen atom that has Ion pair and
a high electro-negative in addition to its high
size which makes restricted movement. (X: -
PH-CI1, -PH-F ,-PH , -H>).
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Table 3: The calculated standard thermodynamics functions at 298.150K dahie derivatives of

4- (1,3,4- thiadiazok2-yl) benzene— 1, 3- diol

Comp. R-NH2 | R-NHPH | R-NH- R-NH-PHCL
PHF

E° 107.890 | 173.682 | 108.005 167.241
KJ/mol

s? 0.105211 | 0.1146 | 0.1188 0.1213
KJ/mol..K

Cy 0.0428 0.05311 0.0568 0.0570
KJ/mol..K

H° 108.4824 | 174.2744 | 168.0974 167.8364
KJ/mol

Cp 0.0448 0.0551 0.05817 0.05902
KJ/mol..K

A’ 76.5213 | 139.5027 | 132.5902 131.0739
KJ/mol

G’ 77.1138 | 140.0951 | 132.6826 131.6693
KJ/mol

The Charges

The Calculated for all charges atoms of
the molecules studied according to the
method (RHF),have shown calculation results
of the charges (Table: 4), are each of the (N,
No) has lower value of charge (the highest
density electronic ) in the case of compound (
R-NH;) while it has the highest value of
charge  (less density electronic ) in
compound (R-NH-PH-Cl ) Perhaps the
reason  for this difference in electrical
negative of electron with drawing .This
scientific fact indicates that the compound (
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R-NH>) can be strong legend , when it linked
to metal complex formation , as a result of
higher giving electronic to nitrogen
atoms(Ns, Ng) compared to other compounds
,and on the contrary, the compound (R-NH-
PH-CI).

It also found that the amount of charge of
the atom(C;o) has gradient opposite to the
value of charge ((Ng, No).
R-NH-PH-CI > R-NH-PH- F > R-NH-PH >
R-NH,
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Table:4Calculated charge for the derivativesf 4- (1,3,4- thiadiazok2-yl) benzene— 1, 3- diol.

R-NH2 R-NH-ph R-NH-CL R-NH-PH-F

Atom Charge Atom Charge Atom | Charge | Atom Charge
Cl 3.6031 Cl 3.8397 Cl 3.8384 Cl 8394

C2 4.2171 C2 4.1094 C2 4.1089 C2 4.1092

C3 3.6526 C3 3.8429 C3 3.8472 C3 3.8479

C4 4.0262 C4 4.0526 C4 4.0592 C4 4.0587

Cs5 4.1475 C5 4.0212 Cs5 4.0205 Cs5 4.0211

Co 4.2389 Co 4.1121 Ceo 4.1126 Co 4.1129

C7 4.0788 C7 4.1275 c7 4.1245 c7 4.1269

N8 5.3263 N8 5.1621 N8 5.1606 N8 5.1614

N9 5.3395 N9 5.2456 N9 5.2421 N9 5.2455

C10 3.7285 C10 3.9681 C10 3.9693 C10 3.9681

S11 5.5197 S11 5.4857 S11 5.4862 S11 5.4874

012 6.8041 012 6.3546 012 6.3534 012 6.3543

013 6.7858 013 6.3097 013 6.3089 013 6.3095

NI14 5.9402 N14 5.3367 N 14 5.3355 N 14 5.3368

H 15 0.7460 CI15 3.8839 C15 3.8782 C15 3.8906

H 16 0.7213 Clé6 4.0834 C1lé6 4.0778 C1é6 4.6739

H 17 0.7908 C17 4.0494 C17 4.0407 C17 4.0752

H 18 0.5538 C18 4.0815 C18 3.9904 C18 3.8703

H19 0.5788 C19 4.0482 C19 4.0390 C19 4.0742

H 20 0.6078 C20 4.1408 C20 4.1351 C20 4.1313

H?21 0.5924 H21 0.9175 C21 4.1414 F 21 5.1432

H22 0.9072 H22 0.9162 H22 0.9171

H23 0.9402 H 23 0.9066 H 23 0.9070

H24 0.7576 H 24 0.9441 H24 0.9449

H25 0.7776 H 25 0.7592 H 25 0.7585

H26 0.7802 H 26 0.7765 H 26 0.7773

H27 0.9461 H 27 0.7469 H27 0.7502

H28 0.9346 H 28 0.9367 H 28 0.9408

H29 0.9423 H 29 0.9154 H 29 0.9250
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