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Abstract:- 
Theoretical calculation method that implemented into(Gaussian 03) have been used to  

investigate the structural properties (lengths and angles bond) and geometrical properties, 

thermodynamic functions, some  physical  properties, for  A crylamide derivatives. 

The results investigation Heat formation(ΔHf 
0
 (in kJ/mole) by using (semi-empirical 

method PM3 model in MOPAC) for these molecules and the results showed that the compound  

(R-PH-O-CH3)has less value  which means high stability than the other’s.  

Calculation  results  have shown  that the compound (R – pyridine) is less activity because it 

has the high Energy gap and shown that this compound has high value in (  , IP , ƞ) . 

The results have shown that the compound (R–PH-O–CH3) has highest  value of 

thermodynamic functions (E
0
 , H

0
 , G

0
 , A

0  
,CV , CP ,S

0
). 

This difference  in results come according to the difference of substituted groups. 
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 -الخـلاصـة:
( تاسرخذاو غشيقح انحساب انراو ٔفق َظشيح دانح انكثافح  Gaussian  03ذعًُد ْزِ انذساسح اعرًاد تشَايج كأط )     

(DFT  عُذ انشكم انُٓذسي انًرٕاصٌ , انذٔال) (, ٔرنك نغشض حساب الأتعاد انُٓذسيح )أغٕال ٔ صٔايا انراصش

Gانثشيٕديُاييكيح )
0
,H

0
,A

0
,E

0
S (( ,حساب انسعح انحشاسيح الاَرشٔتي  

0
 , Cp ,CV ٔكزنك  تعط انخصائص انفيضيائيح,)  

 نًشرقاخ الأكشيم أيايذ.

 ΔHf)نحساب حشاسج انركٕيٍ نهًشكثاخ  PM3 لاسرخذاو انطشيقح انشثّ ذجشيثيح  MOPACذى اعرًاد تشَايج          
0
 in 

kJ/mole)  ٔقذ أظٓشخ انُرائج انحساب أٌ انًشكة) (R-PH-O-CH3 اكثش اسرقشاسا نكَّٕ يًرهك اقم قيًح في حشاسج

 انركٕيٍ.

. ٔكزنك تيُد ΔEقيًح   اعهٗاقم انًشكثاخ فعانيح نكَّٕ يًرهك  (R – pyridine)حيث أظٓشخ َرائج انحساب أٌ انًشكة      

 . (IP , ƞ ,  )انحساتاخ إٌ ْزا انًشكة  يًرهك أعهٗ يقذاس في 

E)يًرهك أعهٗ قيًح نهذٔال     (R–PH-O–CH3)كًا ذى حساب انذٔال انثشيٕديُاييكيح حيث ذثيٍ أٌ انًشكة        
0
 , H

0
 , 

G
0
 , A

0  
,CV , CP ,S

0
ٔأٌ ْزا انرغايش تانُرائج يعضٖ تصٕسج عايح نرأثيش اخرلاف انًجًٕعح انًعٕظح عهٗ انًشكثاخ (

 انًذسٔسح في ْزا انثحث
 

Introduction. 
The recent wide importance of 2‐propenoylamides [1,2], 2‐propenoates [3‐6], besides, the 

interesting biological and pharmacological activities of many heterocyclic systems, like, 

benzoxazoles [7], pyrimidines [8], pyridopyrimidines [9] and pyrazoles encourage the authors to 

gather these moieties hoping to produce a valuable new compounds of expected antibacterial and 

antifungal activity [10]. 

In this work,    investigated  theoretically  using  the  Density  Functional Theory (DFT) 

calculation [9] at the B3LYP/6-311G(p,d) level of theory to get the optimised geometry . DFT 

calculations were carried out with Becke’s three-parameter hybrid model using the Lee–Yang–Parr 

correlation functional (B3LYP) method. Molecular geometries were fully optimized by Berny’s 

optimisation algorithm using redundant internal coordinates. All optimized structures were 

confirmed to be minimum energy conformations [11]. Harmonic vibrational wave numbers were 
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calculated using analytic second derivatives to confirm the convergence to minima in the potential 

surface. At the optimized structure of the examined species, proving that a true minimum on the 

potential surface was found. The optimum geometry was determined by minimizing the energy with 

respect to all geometrical parameters without imposing molecular symmetry constraints [12, 13]. 

 

Cl

Cl

C

O

N
H

H

N

(E)

CH3

2-Cyano-3-(2,4-dichloro-phenyl)-N-p-tolyl-acrylamide  

Cl

Cl

C

H

N

N
H

Cl
(E)

N-(4-Chloro-phenyl)-2-cyano-3-(2,4-dichloro-phenyl)-acrylamide  
R-N-PH-CH3 R-N-PH-Cl 

Cl

Cl

C

O
H

N

N
H

OCH3(E)

(E)-2-cyano-3-(2,4-dichlorophenyl)-N-(4-methoxyphenyl)acrylamide  

Cl

Cl

C

O
H

N

N
H

N
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Results  and  Discussion. 
Geometrical  parameter. 
       In this research calculated the geometry (bond lengths  and bond  angels ) of the five  molecules 

of Some  Acryl amide  derivatives.  

According to the results calculated  and recorded  in the  (table 1and fig. 1) . Show  that the bond 

(C16-N15)  in the compound (R-N-Pyridine) has less value  compared to other compounds studies  

when in each compound (R-N-PH-CH3), (R-N-PH-OCH3) it may be due to the Ion pair in nitrogen 

atom and electron with drawing of substituted groups of the other compound. 

The bond (C12-N15)  for carbonyl group the result showed  the compound R-N-PH-Cl has high value 

compare to other compounds studies it may be due to high electro – with drawing electron of 

substituted group. 

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 1and fig. 1). That  the  angles 

C17C16C21 in compound R-N-PH-Cl has high value may be to the electro – with drawing electron of 

substituted group. The angle C12N15C21 the  results showed that  in compound R-N-PH-CH3 has 

high value . 
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R-N-PHCH3 R-N-PH-Cl 

 

 

R-N-PH-OCH3 R-N-Pyridine 
 

Fig.(1): The geometry  Optimized  of  the  derivatives for  Acryl amide  Derivatives. 

 
Table 1 :  Geometric  parameters  (bond lengths  in Angstrom length angles in degree)  of  Acryl 

amide  derivatives Calculated by DFT B3LYP/6-311G(p,d). 
 

R-N-PH-CH3 R-N-PH-Cl R-N-PH-OCH3 R-N-Pyridine 
Para.Geo. Bond 

length 

and 

Angle 

Para.Geo. Bond 

length 

and 

Angle 

Para.Geo. Bond 

length 

and 

Angle 

Para.Geo. Bond 

length 

and 

Angle 

R(1-2)          1.393            R(1-2)          1.393           R(1-2)          1.393           R(1-2)          1.510           

R(1-6)          1.393           R(1-6)          1.393           R(1-6)          1.393           R(1-4)          1.252           

R(7-10)         1.363           R(7-10)         1.363           R(7-10)         1.363           R(6-11)         1.342           

R(7-26)         1.082           R(7-26)         1.082           R(7-27)         1.082           R(6-24)         1.089           

R(10-11)        1.431           R(10-11)        1.431           R(10-11)        1.431           R(7-8)          1.406           

R(10-12)        1.513           R(10-12)        1.511           R(10-12)        1.512           R(8-9)          1.398           

R(11-15)        1.174           R(11-14)        1.174           R(11-14)        1.174           R(8-25)         1.079           

R(12-13)        1.253           R(12-13)        1.252           R(12-13)        1.254           R(9-10)         1.397           

R(12-14)        1.372           R(12-15)        1.375           R(12-15)        1.371           R(9-26)         1.084           

R(14-16)        1.422           R(15-16)        1.419           R(15-16)        1.422           R(10-11)        1.353           

R(14-27)        1.009           R(15-27)        1.009           R(15-28)        1.009           R(10-27)        1.084           

R(16-17)        1.405           R(16-17)        1.408           R(16-17)        1.410           R(12-13)        1.417           

R(16-21)        1.407           R(16-21)        1.407           R(16-21)        1.403           R(12-17)        1.417           

R(17-18)        1.395           R(17-18)        1.395           R(17-18)        1.389           R(13-14)        1.390           

R(17-28)        1.088           R(17-28)        1.087           R(17-29)        1.087           R(14-15)        1.393           

R(18-19)        1.404           R(18-19)        1.393           R(18-19)        1.404           R(14-28)        1.081           

R(18-29)        1.086           R(18-29)        1.083           R(18-30)        1.083           R(15-16)        1.393           
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A(1-6-25)       120.6           A(3-4-7)        119.9           A(1-6-5)        119.1           A(2-3-12)       131.9           

A(3-2-23)       120.7           A(5-4-7)        124.3           A(1-6-26)       120.6           A(2-3-22)       116.3           

A(2-3-4)        123.3           A(4-5-6)        122.1           A(3-2-24)       120.7           A(2-20-21)      179.0           

A(3-4-5)        115.8           A(4-5-24)       119.7           A(2-3-4)        123.3           A(12-3-22)      111.8           

A(11-10-12)     112.0           A(13-12-15)     123.4           A(7-10-12)      124.5           A(7-8-25)       120.1           

A(10-11-15)     178.9           A(12-15-16)     127.9           A(11-10-12)     112.0           A(9-8-25)       121.9           

A(10-12-13)     118.6           A(12-15-27)     118.2           A(10-11-14)     178.9           A(8-9-10)       120.0           

A(10-12-14)     117.8           A(16-15-27)     113.9           A(10-12-13)     118.6           A(8-9-26)       119.9           

A(13-12-14)     123.6           A(15-16-17)     116.7           A(10-12-15)     117.9           A(10-9-26)      120.1           

A(12-14-16)     128.1           A(15-16-21)     123.7           A(13-12-15)     123.5           A(9-10-11)      122.1           

A(12-14-27)     118.2           A(17-16-21)     119.5           A(12-15-16)     128.0           A(9-10-27)      121.6           

A(16-14-27)     113.6           A(16-17-18)     120.8           A(12-15-28)     118.3           A(11-10-27)     116.3           

A(14-16-17)     116.8           A(16-17-28)     120.0           A(16-15-28)     113.7           A(13-12-17)     115.9           

A(14-16-21)     123.9           A(16-21-20)     119.6           A(15-16-17)     116.8           A(12-13-14)     123.2           

A(17-16-21)     119.3           A(16-21-31)     119.8           A(15-16-21)     124.0           A(12-17-16)     122.1           

A(16-17-18)     120.5           A(18-17-28)     119.2           A(17-16-21)     119.2           A(12-17-30)     119.7           
 

Physical properties. 
       Depending on the Ab initio of the DFT calculation model is calculate some physical  properties  

for Acryl amide molecules; Dipole moments (μ in Debye), energies (eV)of the high Occupied 

Molecular Orbital (EHOMO) and the Lower Unoccupied  Molecular Orbital (ELUMO)  and according 

Koopmans theorem (the negative EHOMO is equal to the ionization potential) the calculation has 

been ionization energies(e V).Also calculated the energy difference (ΔE,e V),And finally calculated 

(Molecular Hardness)Hardness(η) = ½(   HOMO -   LUMO) , (Electron Affinity) EA = -  LUMO 

according Koopmans  theorem for N system of electrons[14-17]. 

     The results shown that compound (R – pyridine)is less activity because it has the higher value 

of ΔE  ,   , IP and ƞ. This means that  this compound  has more ability to lose electrons and be 

easier ionization compared to other compounds.  

The MOPAC computational packages (semi-empirical method , PM3 model) employed to compute 

physical properties; heats of formation (ΔHf, kJ.mol
-1

)[18,19]. the results showed (Table 2) for the 

compound (R-PH-O-CH3 ) has less value  which means high stability than the other’s. 
 

Table 2: Energetic properties of Acryl amide ΔHf ( kJ.mol
-1

 ),  μ (in Debye) ,orbital energies 

(EHOMO, ELUOM, ΔE in eV) , IP(in eV) , EA (in eV) , and  ɳ(in eV) for Acryl amide  derivatives 

Calculated by DFT method. 
 

Comp R-N-PH-CH3 R-N-PH-Cl R-PH-O-CH3 R-pyridine 

   
  199.4221 201.8126 75.2634 281.5493 

  5.1785 5.5388 3.8906 3.2100 

      -6.1128 -6.5011 -5.7715 -6.7419 

      -3.0572 -3.241 -3.03790 -3.2419 

   3.0555 3.2569 2.7336 3.4999 

IP 6.1128 6.5011 5.7715 6.7419 

   3.0572 3.2414 3.0379 3.2419 

Ƞ 1.5277 1.6298 1.3668 1.7499 

 

 

 

 



Journal of Kerbala University , Vol. 14 No.2 Scientific . 2016 
 

220 

 

Thermodynamics functions 
       The fundamental vibration frequencies for five compound of Acryl amide  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. 

Thermodynamics functions standard and heat capacity for the studied molecules listed  Table: 3 

Showed the  calculation  results  show  that  each of the thermodynamic functions  (E
0
 , H

0
 , G

0
 , A

0  

,CV , CP ,S
0
). 

R-PH-O-CH3 > R-N-PH-CH3> R-N-PH-Cl >  R-pyridine 
 

 

Table 3: standard thermodynamics functions for Acryl amide  molecules calculated by DFT model 

at 298.15oK of. 

Cv 

KJ/mol.deg 

Cp 

KJ/mol.deg 

A
0
 

KJ/mol 

S 

KJ/mol.deg 

G
0
 

KJ/mol 

H
0
 

KJ/mol 

E
0
     

KJ/Mol 

Comp. 

0.2928 0.3011 341.9985 0.6188 526.4937 710.9889 708.5101 R-N-PH-CH3 

0.2925 0.3008 244.4743 0.6334 428.9695 613.4647 610.9895 R-N-PH-Cl 

0.3153 0.3236 359.0072 0.6511 543.5024 727.9976 725.5181 R-PH-O-CH3 

0.2719 0.2802 234.9924 0.5905 419.4876 603.9828 601.504 R-pyridine 
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