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1 Useful Concepts in Molecular 

Modelling /:��� ��ا� �� ا�"+	ه�, ا�"+�'* %$ ا��"!

1.1     Introduction      /  /  /  /  ا�"�'��
 

What is molecular modelling?  

“Molecular” clearly implies some 
connection with molecules. The 
oxford English Dictionary defines 
“model” as ‘a simplified or 
idealized description of a system or 
process, often in mathematical 
terms, devised to facilitate 
calculations and predictions’. 
Molecular modelling would 
therefore appear to be concerned 
with ways to mimic the behavior of 
molecules and molecular systems. 
Today, molecular modelling is 
invariably associated with 
computer modelling, but it is quite 
feasible to perform some simple 
molecular modelling studies using 
mechanical models or pencil, paper 
and hand calculator. Nevertheless, 
computational techniques have 
revolutionized molecular modelling 
to the extent that most calculations 
could not be performed without the 
use of a computer. This is not to 
imply that a more sophisticated 
model is necessarily any better than 
a simple one, but computers have 
certainly extended the range of 
models that can be considered and 
the systems to which they can be 
applied. 

 

 

Fig1: Example of 

Molecular Model 

(Source: 

http://www.giantmolecu

le.com/shop/scripts/prod

View.asp?idproduct=6) 

 

 

Fig2: Example of 

Molecular 

Modelling(Source: 
http://www1.imperial.ac

.uk/medicine/people/r.di

ckinson/) 

 ؟ �	 ه$ ا��"!�� ا��� ���
",JJ#-(./ل   " ا��LJJ*Mح ا�JJ@�� �JJ�)(

��س   .�JJJJJ  ا�/.)-�JJJJJت �JJJJJ� ف�ّJJJJJ)(و
�Model    UJJ:Vأوآ�38JJرد ا�JJـ���ذج

Y8JJJ أو ��JJJ9�� ���JJJXم أو    "� ZJJJ&و
   ,#JJ@�(�ت ا����<LJJا�� �JJ1 ، ,JJ#���
آJJJ#X�اً �8JJJ( �JJJ�\%م ��F8JJJ#" ا�(��#�JJJت  

*JJJF�4 ا���JJJ!0, ".ا����8JJJ#, وا����(�JJJت
أ:J�9, ا�/.)-�J    ا�/.)-#, ���6#% ���ك    

Y ه20JJ ا���JJ!0,  .وا�/.)-#�JJت*�JJ* �JJآ�
   ,#��J0!, ا��������� _��` "=C�.  �J=و�

��JJ ا���=�JJ أن ُ*�/aJJ)� .JJ درا��JJت 
ا����JJذج ا�/.)-#JJ, ا�JJ��� ,<#8JJ�\%ام    
:��ذج �#=�:#=#,  أو ��4 ، ور�, ، و+�,         

,JJJJ(و%( ,JJJJ��? . ،cJJJJذ�  JJJJ�أ?JJJJ%`_ و
ا���J!0,   ا�����J` ,#��Jرة �J1      ا���6#�ت

,JJJJJJ#-(./إا�  �JJJJJJ�,JJJJJJ!در ,JJJJJJ# أن $��
ا�����8JJJت �JJJ=�( M أن ُ*�/JJJ� .JJJ%ون     

ه0JJا �JJ�)( M أن  . إ�JJ�(��ل ا�����JJب
:��JJذج أآJJX� �JJ<*راً ه�JJ��� �JJ�ورة     
  �JJJ=و� ، Y#8JJJ� %JJJ?أي وا �JJJ� "�JJJ1أ
     %JJJJJJ#آV���� �F(%JJJJJ� �*�JJJJJ#أ!JJJJJF.ة ا�=�
  �JJJJ�ذج ا��JJJJا��� �JJJJ�  JJJJأو� ,JJJ���/�
   �JJ=�( �JJ�49 ا��JJوا� �JJF#1 �JJ9ا�� �JJ=�(

�F6#<*. 
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The ‘models’ that most 
chemists first encounter are 
molecular models such as the 
‘stick’ models devised by 
Dreiding or the ‘space filling’ 
models of Corey, Pauling and 
Koltun (commonly referred to 
as CPK models). These models 
enable three-dimensional 
representations of the 
structures of molecules to be 
constructed. An important 
advantage of these models is 
that they are interactive, 
enabling the user to pose ‘what 
if …’ or ‘is it possible to …’ 
questions. These structural 
models continue to play an 
important role both in teaching, 
and in research, but molecular 
modelling is also concerned 
with some more abstract 
models, many of which have a 
distinguished history. An 
obvious example is quantum 
mechanics, the foundations of 
which were laid many years 
before the first computers were 
constructed. 
There is a lot of confusion over 
the meaning of the terms 
‘theoretical chemistry’, 
‘computational chemistry’ and 
‘molecular modelling’. Indeed, 
many practitioners use all three 
labels to describe aspects of 
their research, as the occasion 
demands! 

 
 

 

 

 

 

Fig3: space filling model of 

formic acid 
�space-filling’ a‘:��ذج ��� 

c#� ا��3ر

(Source: 

http://www.answers.com/topic/

molecular-graphics) 

 
 

 
Fig4: Stick model 

(Created with Ball View) 

‘Stick’    :��ذج

 
 

 
Fig5: ‘Ball and Stick’ model of 

proline molecule (Source:  
http://commons.wikimedia.org/w

iki/File:L-proline-zwitterion-

from-xtal-3D-balls-B.png) 

 �JJJJ1 �##f�JJJJ#�#=ا� ,JJJJ#&�JJJJدف $��
    "JJJJX� ,JJJJ#-(./ذج ا��JJJJا��� ,JJJJ(ا%ا�

ا��� ا����Stick "    �JF":��ذج ا� ـ
Dreiding   ذج�J�: أو "space 

filling  " �F����ا��� اCorey 

 ، Pauling  و ، Koltun 
 ). JJJJ)*ُCPK�ف ��JJJJدةً ����JJJJذج (

   �JJ`H` �(�LJJ* ذج�JJ20 ا���JJه ;#JJ�*
 ,JJJا�/.)-#�JJJت ا���JJJ ا�JJJ)�iد ���آ#

�JJJ�*ُ . 20JJJF� ,JJJ�Fا�� �JJJ(ا��.ا �JJJ�و
  �JJJ�� ، ,JJJ#���3* �JJJF:أ �JJJذج ه�JJJا���
)�8JJJ��� ;#JJJ�\%م 1�JJJ&, ا���8JJJؤل   

��J ا���=�J   'أو  ' ...��ذا �� ' "Jه... '
ه20JJJ ا����JJJذج ا�JJJ* M ,JJJ#�=#F.ال  ..

  �JJJJJJ1 اء�JJJJJJ� �JJJJJJ�*�(lJJJJJJ دورا ه�
 و�=�JJ .ا��JJ%ر)n ، أو �JJ1 ا���JJث

   �ً�JJJJ(أ �JJJJ�)*ُ ,JJJJ#-(./ا� ,JJJJ!0ا���
 :9�JJJ(, أآJJJX�oJJJ#�� ، أن   ����JJJذج

��JXل   .ا�(%)% ��U(%� �F *�ر)q ��رز  
   oJJ#�� ، 4JJ=ا� �J=#:�=#� �JJه ;J@وا
    "JJJJ� _)JJJJ@و �JJJJ�ا� nJJJJ�iأن ا
���JJJJJات �%)JJJJJ%ة JJJJJr#%ت أ!JJJJJF.ة 

 .ا�=�#�*� اiو��

��JJJ اGر��JJJك ?�JJJل      �JJJ#Xآ %JJJ!�(
 ,JJJJJJJ#���ت ا����<LJJJJJJJا�� �JJJJJJJ�)� :

  ,JJJ(�9ء ا���JJJ#�#=ا�“theoretical 

chemistry”  ، ,JJJJJJJ#*��ا��(��
 JJJJJJJ#f�#� “computational,ا�=#

chemistry”  ,JJ#-(./ا� ,JJ!0وا��� 
“molecular modeling”  .  �JJ1

 s)JJJJJJJJJJJ8�\%م ا�JJJJJJJJJJJ(  JJJJJJJJJJJا��ا�
   ZJJJJJ&�� ,JJJJJ`HXت ا����<LJJJJJا��
   ��%JJ* �JJ� l8JJ�� 4F`�JJأ�� lJJ:ا�!

 .ا���!,
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‘Theoretical chemistry’ is often considered 
synonymous with quantum mechanics, 
whereas computational chemistry encompasses 
not only quantum mechanics but also 
molecular mechanics, minimization, 
simulations, conformational analysis and other 
computer-based methods for understanding 
and predicting the behavior of molecular 
systems. Most molecular modelling studies 
involve three stages. In the first stage a model is 
selected to describe the intra- and inter- 
molecular interactions in the system. The two 
most common models that are used in 
molecular modelling are quantum mechanics 
and molecular mechanics. These models enable 
the energy of any arrangement of the atoms 
and molecules in the system to be calculated, 
and allow the modeler to determine how the 
energy of the system varies as the positions of 
the atoms and molecules change. The second 
stage of a molecular modelling study is the 
calculation itself, such as an energy 
minimization, a molecular dynamics or Monte 
Carlo simulation, or a conformational search. 
Finally, the calculation must be analyzed, not 
only to calculate properties but also to check 
that it has been performed properly.  

 �JJ�)* �JJ� �JJ��$',JJ(�9ء ا���JJ#�#=ا� ' �JJ=#:�=#�� �JJ1اد��
    "�CJJJ* M �#JJJ? �JJJ1 ، 4JJJ=ا� ,JJJ#f�#�#=ا� ,JJJ#*�� ا��(��

       ,J#-(./ا� �J=#:�=#ا�� ��J(أ "J� ، l8�1 4=ا� �=#:�=#�
          �Jf.! �(�=�� 7�)��، وا��% ، وا����آ�ة ، و*��#" 

� ,JJ�f�6ا� l#��JJ�iا �JJ� �JJه�4 و$#JJF3� ب�JJا���� �JJ�
 .و*��  ���ك ا��49 ا�/.)-#,

�(4JJJ9 درا��JJJJت ا���JJJJ!0, ا�/.)-#HJJJJ` "�CJJJJ* ,JJJJث  
"JJJ?ا���JJJ1 ا���?�JJJ, اiو��JJJ�: %JJJ(%�* 4�JJJ( �JJJذج    . 

     �#JJ� �JJ�#1 تH��JJ3�وا� ,JJ#��ت ا�%اH��JJ3�ا� ZJJ&��
�#=�:#=�JJJ ا�=4JJJ وا��#=�:#=�JJJ  . ا�/.)-#�JJJت �JJJ1 ا���JJJ9م 

 �JJJJ1 �ً� ا�/.)-#JJJJ, ه��JJJJ ا����JJJJذ!#� اiآJJJJX� ا�JJJJ�\%ا
ه20 ا����Jذج *�=�8J? ,J#��� �Jب         . ا���0!, ا�/.)-#, 

ا�>��,  iي  �/���, ذرات و!.)-�ت �1 ا���J9م ،     
 ���%)% آ#3#, ا�H�Jف  the modelerو*�8; �����0ج 

8ً, إ�JJ#ّB*  �JJ� ا�0JJرات وا�/.)-�JJت     JJ: م�JJ9ا�� ,JJ��t 
      �JJه ,JJ#-(./ا� ,JJ!0ا��� ,JJدرا� �JJ� ,JJ#:�Xا� ,JJ�?�ا��

�X" ا��#�6"   ، U83: ت    ا���8ب�J#���J ا�>��J, ، ود)��
��(�Monte Carlo    7Jا�/.)-#, أو ���آ�ة  oJ�� أو ،

 �f.! �(�=�� .          ���8تJا�� "J#��* �J� %� M ، ا�#�وأ
       ��J(أ �J=و� sf�LJ\أ!" ?�8ب ا� �� Y61 n#� ،

;#�& "=C� ./:أ %� U:أ �� . ���Vآ% 

 

1.2 Coordinate Systems/ :49 ا���7#8   

 
It is obviously important to be able to specify 
the positions of the atoms and/or molecules in 
the system to a modeling program. There are 
two common ways in which this can be done. 
The most straightforward approach is to 
specify the Cartesian (x, y, z) coordinates of 
all the atoms present. The alternative is to use 
internal coordinates, in which the position of 
each atom is described relative to other atoms 
in the system. Internal coordinates are usually 
written as a Z-matrix. The Z-matrix contains 

�J6%رة ���J   ه��Jك ا� =�Jن  )ن �� ا��4F أن أ� ا��ا@;  
��ا�J  ا�0Jرات و     %J(%�* /  ت�J-(./دة  أو ا��J!ا��� �JJ1

�v ا����JJJJJ1 ,JJJJJ!0 ،ا���JJJJJ9م�JJJJJ:�� .  �#�6(�JJJJJt ك�JJJJJه� 
 c�0JJ� م�JJ#6�� �#�آ��CJJ�.  �JJXآiا vF�JJا�,JJ�ّد   %JJ(%�* �JJه
 )Cartesian coordinates( إ?JJJJJJ%ا`#�ت ا�JJJJJJ%)=�ر*� 

)x,y,z (�  JJ#�/JJدة0رات ا�ا��JJ!��.ا  vF�JJ�  �JJه "(%JJا�
 internal(اJJJJJJJ?G%ا`#�ت ا�%ا��#JJJJJJJ, ا�JJJJJJJ�\%ام 

coordinates( �JJ�ا� ، ZLJJ* ً,8JJ: ذرة "JJآ ZJJ���  
 �JJإ�JJ0رات ا�iم  ا�JJ9ا�� �JJ1 ى�JJ�. *lJJ�=  ا`#�ت%JJ?Gا

�1�3LJJ, زي ���JJا�%ا��#�JJ� ,JJدةً "=JJr ) Z-matrix( .
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one line for each atom in the system.    1�3, ا�*���يLJ�) Z-matrix(     �J� %J?وا �<J� �J�� 
 .آ" ذرة �1 ا���9م

 
In the first line of the Z-matrix we define 
atom1, which is a carbon atom. Atom 
number2 is also a carbon atom that is a 
distance of 1.54 Aº from 1 (columns 3 and 4). 
Atom 3 is a hydrogen atom that is bonded to 
atom 1 with a bond length of 1.0 Aº. The angle 
formed by atoms 2-1-3 is 109.5º, and the 
torsion angle (defined in fig7) for atoms 4-2-1-
3 is 180º. Thus for all except the first three 
atoms, each atom has three internal 
coordinates: the distance of the atom from one 
of the atoms previously defined, the angle 
formed by the atom and two of the previous 
atoms, and the torsion angle defined by the 
atom and three of the previous atoms. Fewer 
internal coordinates are required for the first 
three atoms because the first atom can be 
placed anywhere in space (and so it has no 
internal coordinates); for the second atom it is 
only necessary to specify its distance from the 

  :�%د)Z-matrix(�1 ا�8>� اiول �� ا��1�3L, زي

 2ا�0JJJJJJرة. ، وه�JJJJJJ ذرة آ���JJJJJJن  )Atom1( 1 ا�0JJJJJJرة
)Atom2( ,1�8JJJ� �JJJ��  JJJ6*ن و�JJJ��ذرة آ �ً�JJJ(أ �JJه  

1،54 Aº 0رةJJJJJJا� �JJJJJJ� 3ا�0JJJJJJرّة ). 4 و 3اJJJJJJ��i%ة  (1
)Atom3 ( 0رةJJ� ,�LJJ�� �>�JJل 1ه�JJ ذرة ه#JJ%رو!#� 

1،0 Aº .   109،5 زاو),   2-1-3*=�ن ا�0رات   ,J!در 
،  ,JJJJ(��ا��� ,JJJJ(وا�.او )   "=CJJJJا� �JJJJ1 ف�ّJJJJ)ا��Fig7 (

وه=0Jا �/�#J    .  در!J, 180 *�8وي  4-2-1-0��3رات  
              ,J`H` �F(%J� ذرة "Jآ ، �Jو�iا ,J`HXء ا���X���� ا�0رات

ا��1�8, �internal coordinates( :  �J(إ?%ا`#�ت دا��#, 
           �J�ا� ,J(ا�0رة إ�� إ?%ى ا�0رات ا���%دة ���6ً� ، ا�.او

    J���J ا�0Jرات ا�6��8J, ، وزاو)�F��=r            ,J ا�0رة  �#J�`ا 
��JJJ ا�0JJJرات    ,JJJ`H`  JJ�ا�JJ��Mاء ا��JJJ�* �JJJ%ده� ا�0JJJرة 

,6��8JJا� .     "JJ!أ �JJ� "JJ�iا ,JJ#��ا`#�ت ا�%ا%JJ?Gا lJJ�<*
��=�JJ أن       �JJو�M0رة اJJن ا�i �JJو�iث اHXJJ0رات ا�JJا�

و�0JJا �JJ=*)  %JJ!�( M UJJ:�1ن �JJ1 أي �=�JJن �JJ1 ا���JJ3ء   
  ,JJ#��ا`#�ت دا%JJ?أي إ �F(%JJ� (� ,8JJو���� ،  ,JJ#:�X0رة ا�JJ�

A sample Z-matrix for the 
staggered conformation of ethane 
(see Fig6) is as follows: 
 
 
 
1   C 
2   C   1.54   1 
3   H   1.0     1   109.5   2 
4   H   1.0     2   109.5   1   180.0   3 
5   H   1.0     1   109.5   2   60.0     4 
6   H   1.0     2   109.5   1 -60.0     5 
7   H   1.0     1   109.5   2   180.0   6 
8   H   1.0     2   109.5   1   60.0     7 

 
 
 

 
Fig6 : The staggered 

conformation of ethane. 

 

��Xل )Z-matrix  ( "�ا%�� "=C��
)�� ا�X(Gن Ethane() �9:ا

Fig6 ( ��( آ��: 
 

1   C 
2   C   1.54   1 
3   H   1.0     1   109.5   2 
4   H   1.0     2   109.5   1   180.0   
3 
5   H   1.0     1   109.5   2   60.0     
4 
6   H   1.0     2   109.5   1 -60.0     
5 
7   H   1.0     1   109.5   2   180.0   
6 
8   H   1.0     2   109.5   1   60.0     
7 
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first atom and then for the third atom only a 
distance and an angle are required. 
 

 

 
It is always possible to convert internal to 
Cartesian coordinates and vice versa. 
However, one coordinate system is usually 
preferred for a given application. Internal 
coordinates can usefully describe the 
relationship between the atoms in a single 
molecule, but Cartesian coordinates may be 
more appropriate when describing a 
collection of discrete molecules. 
 

 
Internal coordinates are commonly used as 
input to quantum mechanics programs, 
whereas calculations using molecular 
mechanics are usually done in Cartesian 
coordinates. The total number of coordinates 
that must be specified in the internal 
coordinate system is six fewer than the 
number of Cartesian coordinates for a non-
linear molecule. This is because we are at 
liberty to arbitrarily translate and rotate the 
system within Cartesian space without 
changing the relative positions of the atoms.  
 

      �J� ه�%J)* �J�1�8, ا�Jا�� %(%�* Y61 ،وري���1 ا��
      YJJ61 ,JJ(1�8, وا�.اوJJا�� lJJ�<* 4JJ` �JJ�ذرة اiو��JJ، و

,X��X0رة ا���. 

 

��JJJJJJJ إ?JJJJJJJ%ا`#�ت       "JJJJJJJ(��* �JJJJJJJ�fدا �JJJJJJJ=ا��� �JJJJJJJ�
,JJJJJ#��دا(internal)   ,JJJJJ#*ا`#�ت د)=�ر%JJJJJ?إ �JJJJJإ� 

(Cartesian)n=)��JJ� nJJ=)وا�  . "�JJ3( ، cJJذ�  JJ�و
   YJJ61 %JJ?8#7 واJJ�* ًدة�JJ�  �#JJ)�#�JJ9: 7JJم <��  . �JJ=�(

��?JJ%ا`#�ت ا�%ا��#JJ, أن *ZLJJ ا�(JJ� ,JJ�H#� ا�0JJرات     
�JJJ! �JJJ1 %JJJ#3.يء   �JJJ�: �JJJ��(molecule) ، %JJJ?وا 

  ,JJJJJJJJ#*ا`#�ت ا�%)=�ر%JJJJJJJJ?Gا �JJJJJJJJ=و�(Cartesian 

coordinates)          ,J���/� ZJ&و %J�� l8:iن ا�=* %� 
,�L3���� !.)-�ت . 

 

     v�JJ�ا� "�%JJآ� ,JJ#��ا`#�ت ا�%ا%JJ?Gام ا%\�JJع ا��CJJ(
�  4J=ا� �=#:�=#)quantum mechanics (   �#J? �J1 ،

     ,JJ#-(./ا� �JJ=#:�=#ام ا��%\�JJ��� ,#��8JJت ا���JJ#��)أن ا�
 ,JJJ#*ا`#�ت ا�%)=�ر%JJJ?Gا �JJJ1 دة�JJJ� 4�JJJ* . د%JJJ� ���JJJ�!إ

اG?%ا`#�ت ا��� )/l أن *�%د �1 ا���9م ا�%ا��� ه�         
��, أ�" �� �%ده� �1 اG?%ا`#�ت ا�%)=�ر*#, �/J.يء          

 �JJJ<� �JJJ#$)non-linear.(   �(و%JJJ* �JJJ�:�=��� UJJJ:i
 �JJJ##B* ر*� دون�=(%JJJء ا���JJJ3ا� "JJJ�دا ,JJJ(��� م�JJJ9ا��

 .اiو@�ع ا��8#, ��0رات

 

 

What is a Torsion angle? 

A torsion angle A-B-C-D is 
defined as the angle between 
the planes A, B, C and B, C, D. 
A torsion angle can vary 
though 360º although the 
range -180º to +180º is most 
commonly used. 
 

 
Fig7 

 �	ه$ زاو � ا��0�اء؟

 ABCD   ا�JJJ��Mاء زاو)JJJ)*ُ,JJJ�ف 
  �JF:V�    �#J� ,J)ا��ا� ,J(ا�.اوABC  و 

BCD .� �JJJ=�(و ,JJJ(اء.او�JJJ��Mأن  ا
�#JJJ� اوح�JJJ�* -180 ,JJJ(�-� ,JJJ!و در 

 .در!, 180+
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1.3 Potential Energy Surfaces/ ��������ا
آ	�ا
آ	�ا
آ	�ا
آ	�        ا
ط	��ا
ط	��ا
ط	��ا
ط	��    أ�ط�أ�ط�أ�ط�أ�ط�         
 
 
 

In molecular modeling the Born-
Oppenheimer approximation is invariably 
assumed to operate. This enables the 
electronic and nuclear motions to be 
separated; the much smaller mass of the 
electrons means that they can rapidly adjust 
to any change in the nuclear positions. 
Consequently, the energy of a molecule in its 
ground electronic state can be considered a 
function of the nuclear coordinates only. If 
some or all of the nuclei move then the energy 
will usually change. The new nuclear 
positions could be the result of a simple 
process such as a single bond rotation or it 
could arise from the concerted movement of a 
large number of atoms. The magnitude of the 
accompanying rise of fall in the energy will 
depend upon the type of change involved. 
For example, about 3 kcal/mol is required to 
change the covalent carbon-carbon bond 
length in ethane by 0.1Aº away from its 
equilibrium value, but only about 0.1kcal/mol 
is required to increase the non-covalent 
separation between two argon atoms by 1Aº 
from their minimum energy separation. For 
small isolated molecules, rotation about single 
bonds usually involves the smallest changes 
in energy. For example, if we rotate the 
carbon-carbon bond in ethane, keeping all of 
the bond lengths and angles fixed in value, 
then the energy varies in an approximately 
sinusoidal. The energy in this case can be 
considered a function of a single coordinate 
only (i.e. the torsion angle of the carbon-
carbon bond), and as such can be displayed 
graphically, with energy along one axis and 
the value of the coordinate along the other.  
Changes in the energy of a system can be 
considered as movements on a 

           ,J6(�t ام%\�Jا� �J�fض دا��1 ا���0!, ا�/.)-#, ، )3�
(Born-Oppenheimer approximation) 

�JJJJJ�LJJJJJ3" ا���آ�JJJJJت ��JJJJJ6��� . ;�8JJJJJ( �JJJJJ%)� ا��6�)
  ,JJ(وا���و ,JJ#:و��=�Mا;  �BJJ&iت ا�JJ:و��=�Gا ,JJ��آ , 

�J  أي    ه20 ا�=��,  *(�� أن  ,��8J� Z#=�درة ��� ا��� 
 �JJ1 �JJ##B*ا�,JJ(ا���و ZJJا���. �( ، ���JJ�ر و����JJ=�JJ ا��

       ,JJJJ3#�JJJJ��t, ا�/JJJJ.يء �JJJJF���? �JJJJ1 ا�M=��و:#JJJJ,، و
  YJJ61  ,JJ(ا`#�ت ا���و%JJ?��.    "JJأو آ aJJ)�  _JJ�6�:إذا ا

)�=�J ����ا�J  ا���و)J,      . .ا���اة �1ن ا�>��, *J##B� ��Jدة      
   ,<#8JJ� ,JJ#��)� ,JJ/#�: ن�JJ=* ة أن%JJ(%/ا� "JJX� دوران  

أو  )�=�J أن   )single bond rotation(ا�J�ا�Y ا��J3�د   
 ,JJJ/#�: VCJJJ�*      �JJJ� �JJJ#��1��JJJ�ة �JJJ� �JJJ%د آ ,JJJآ�? 

�JJط �JJ1     .ا�0JJراتF�� ,?�LJJدة ا���JJ(.4 ا�JJ/? %JJ��)*
     J�#B�ع ا��J: ��� ,��<ا�  �J�)ا�� �ل ،        .�JXا�� "#J� �J��

��JJل /  آ#��JJ آ���JJري �JJ? lJJ�<(ُ3ا�� )3 kcal/mol( 
-  �JJ#� ا�=���JJن  JJ##B��covalent bond� �JJtل ا�JJـ   

,  در!A  J 0.1 إ�� :�ethane(       �J (آ���ن �1 اG)�Xن  
  ، �JJF:از�* ,JJ�#� �JJ� ا%JJ#)�     ا���JJ? YJJ61 lJJ�<(ُ �JJ=و�

��JJJل /  آ#��JJJ آ���JJJري 0.1)0.1  kcal/mol( دة�JJJ(.�  
��JJ اiر!�JJن   non-covalentا����JJ% ا�JJـ  �#JJ*ذر �#JJ�

Argon    ����  1 A           �J:دiا ,J��<ا� %J��* �J� ,J!در  . 
 ,8JJ����    ن دوران�JJ1 ، ,JJة ا��(.و��#BLJJت ا��JJ-(./��

�>�JJي )��JJدة �single bonds  (  �JJ(ا�JJ�وا�Y ا��JJ3�دة  
#" ا���JXل ،    . ��� أ&B� ا��B#�ات �1 ا�>��,  J� �J��
ا�=���JJن �JJ$ �JJ1ز  _إذا ���JJ�� �JJ%و)� روا�YJJ ا�=���JJن  

ا)�J  ا�X(Gن ، �  ?�Jt ,�#� �3ل !�#J  ا�J�وا�Y وا�.و     
   Z��\* ,��<�1ن ا� ،,���Xا�   ! "=CJ� ـ J#  �(sinusoidal) 

�JJ(�6*.     ��JJ=�(  ,JJ3# ا���JJر ا�>���JJ1 ,JJ ه20JJ ا����JJ, و
single coordinate   YJJ61)    �JJ1 اء�JJ��Mا ,JJ(زاو "JJX�
، و)�=J� �J�ض ه20J       ) آ���Jن   _ا��ا�Y �#� ا�=���Jن   

�ً#:�#�             ,J�#ول و�iر ا�J�� ، ��@  ا�>��, ���Jt �Jل 
Gا`#�ت  ا%J?)coordinate( �JJ�ر ا��JJل ا����JJt �JJ��. 

و)�=� ا���Jر ا��J##B�ات J��t �J1, ا���J9م آ���آ�Jت             
��(%دة ا�i" ا�8>;"��� ,��t ��8* ا�8>;(�د . 
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multidimensional ‘surface’ called the energy 
surface. 

 

1.4 Molecular Graphics/ز�����
 ر�و�	ت ا
�ز����ر�و�	ت ا
�ز����ر�و�	ت ا
�ز����ر�و�	ت ا

 
Molecular graphics (MG) is the discipline and 
philosophy of studying molecules and their 
properties through graphical representation. 
IUPAC limits the definition to representations 
on a "graphical display device". 
 

Computer graphics has had a dramatic impact 
upon molecular modelling. 
It is the interaction between molecular graphics 
and the underlying theoretical methods that has 
enhanced the accessibility of molecular 
modelling methods and assisted the analysis 
and interpretation of such calculations. 
 
Over the years, two different types of molecular 
graphics display have been used in molecular 
modelling. First to be developed were vector 
devices, which construct pictures using an 
electron gun to draw lines (or dots) on the 
screen, in a manner similar to an oscilloscope. 
Vector devices were the mainstay of molecular 
modelling for almost two decades but have now 
been largely superseded by raster devices. These 
divide the screen into a large number of small 
"dots", called pixels. Each pixel can be set to any 
of a large number of colors, and so by setting 
each pixel to the appropriate color it is possible 
to generate the desired image. 
Molecules are most commonly represented on a 
computer graphics using stick' or 'space filling' 
representations. Sophisticated variations on 
these two basic types have been developed, such 
as the ability to color molecules by atomic 
number and the inclusion of shading and 
lighting effects, which give 'solid' models a more 
realistic appearance.  
Computer-generated models do have some 

    ,J#-(./ت ا����ط وMG (      ,38J�1(ر���J:Mا �Jه
 4JJ��ل ا�HJJ� �JJ� 4FLJJf�L�ت و�JJ-(./ا� ,JJدرا� .

  ZJJJJ(�)* �LJJJJ�ا�IUPACـJJJJ�� MG   UJJJJ:أ �JJJJ��  
 " .!�Fز ��ض ا������ت"

  ,JJ!0ا��� �JJ�� �JJ#��ت ا�����JJب أ`JJ� آ�JJ��� ن�JJآ
,JJ#-(./إن. ا� "JJ��3�ا� �#JJ� ت���JJ��و ا� l#��JJ�iا
,JJ#-(./وراء ا� ,JJ��إ�=�:#JJ�  ,JJ.زت ، ا��9�JJ(, ا�=�

�JJل إ��JJ&ا�� l#��JJأ� ,JJ!0و ا��� ,JJ#-(./ت ا�%��JJ�
�X" ه20 ا�����8ت*83#� و *��#"�1 . 

 

          �J� �#J3��\��� ا���8ات، *4 ا��\%ام :��#�  ���
 .��ض ا������ت ا�/.)-#, �1 ا���0!, ا�/.)-#,

ا��vector devices (،  �JJ( اJJF!i.ة ا�����JJ,   ،اiول
��JJJ6م *JJJام  �ء�%\�JJJ��� ر�LJJJا� ,JJJ#�%�� إ ,JJJ#:و��=� 
، �>�)JJJ6,  ا��JJ6: (  �JJ�� ,r�CJJط أو (�� 4JJ��JJ<ط   �

 ,F��CJJJJ� ���JJJJد !JJJJF.ة اiوآ�:JJJJ_ ه��0JJJJ�0�. 20JJJJت�
,JJJ#-(./ا� ,JJJ!0ا���  ��.JJJا� �JJJ� �(%JJJ6� ى%JJJ� �JJJ��

�JJ(�6* �JJ=ا�ن و�  UJJ��� _JJ�? ة.JJF!iا ,JJ#<6ا��)  
raster devices  ( �JJ#�JJ=�( Y .إ�JJ? �JJ% آJJ@ "JJآ 

"8=�  �J��  ن�J�   �#J)�     �J�c ذ�J و،   ا�=J#X�ة  ا�J�iان  
  JJ@ل وHJJ� �JJ� "JJ8" آJJ=� �JJ�� ن �ا�JJ�lJJا�����  

 .ا��Lرة ا��>���, ����#%

   �JJ� �ًJJ��JJ�X,ا�/.)-�JJت *=�JJن$�� �JJ��  ت���JJر� 
 .  'space filling'  أو  'JJ���stick�\%ام  ا�����JJب

       �(0JJJه �JJJ�� ات�(�JJJ<�ا� aJJJ)� ,1�JJJ@4 إJJJ* %JJJو�
   �(�JJJJ�* �JJJJ�� رة%JJJJ6ا� "JJJJX�  ،�#JJJJ���iا �#��JJJJا��

ة،  وإدراج ا��JJJ#�9" ا�/.)-�JJJت ��ا�JJJ>, ر�4JJJ ا�0JJJرّ
,   و*VJJ`#�ات ا�JJ@Gءة �LJJذج ا��JJا��� �JJ<)* �JJ�ا� ،
�F9� أآX� وا�(#,. 

�J    ا�����ب  ا��� )�!%ه����ذجإن ا���6ر:, �#� ا�   
 �JJJJF� ,JJJJ#=#:�=#4 ا��Ffا�JJJJ9:�JJJJ(ا��.ا aJJJJ)� . �JJJJF�� 

،,ًJJJJ&��Mًأن أو ,JJJJ6#6?   ذج�JJJJ�:  م%ّJJJJ6( أن �JJJJ=�(
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advantages when compared with their 
mechanical counterparts. Of particular 
importance is the fact that a computer model can 
be very easily interrogated to provide 
quantitative information, from simple 
geometrical measures such as the distance 
between two atoms to more complex quantities 
such as the energy or surface area. Quantitative 
information such as this can be very difficult if 
not impossible to obtain from a mechanical 
model. Nevertheless, mechanical models may 
still be preferred in certain types of situation due 
to the ease with which they can be manipulated 
and viewed in three dimensions.  
A computer screen is inherently two-
dimensional, whereas molecules are three-
dimensional objects. Nevertheless, some 
impression of the three-dimensional nature of 
an object can be represented on a computer 
screen using techniques such as depth cueing (in 
which those parts of the object that are further 
away from the viewer are made less bright) and 
through the use of perspective. Specialized 
hardware enables more realistic three-
dimensional stereo images to be viewed. In the 
future ‘virtual reality’ systems may enable a 
scientist to interact with a computer-generated 
molecular model in much the same way that a 
mechanical model can be manipulated. 
 
Even the most basic computer graphics program 
provides some standard facilities for the 
manipulation of models, including the ability to 
translate, rotate and ‘zoom’ the model towards 
and away from the viewer. More sophisticated 
packages can provide the scientist with 
quantitative feedback on the effect of altering 
the structure. For example, as a bond is rotated 
then the energy of each structure could be 
calculated and displayed interactively. 
 
 
For large molecular systems it may not always 

  �*�#��ت   ا�=���)� ,��F� "=� ,#ّت � ا��آ��J��#6 
��JJ ا�JJ�%�F#, ا� �#JJ�`ا �#JJ� ,1�8JJا�� %JJ)� "JJX� ,<#8JJ

�JX" ا�0رات إ�� آ�#�Jت أآJX� J#6)*%ا              ,J��<ل ا��J/� 
;<8JJأو ا�.  �JJ=و�   ,JJ#ّت آ��JJ���)� �JJ�� ل�LJJا��

&JJ(JJ! l%ا إن �4JJ )=�JJ=(    �JJن  �JJ%، آ��JJ�� ذُآJJ�ت 
 ًH#��8JJJJJJ���JJJJJJJ  ا���LJJJJJJJل ��،   �JJJJJJF#  ذج�JJJJJJJا���
و�  ذ�M ، c ).ال ا�J�(��ل ا����Jذج         .  .ا��#=�:#=#,

  aJJJ)� �JJJ1 Hً�JJJ3� ,JJJ#=#:�=#ا��iا  l8JJJ� ع�JJJ@و
 �F@�و� �F� l�H�ا� ,��F��`HXا� iدا�)�.  

 
 

#(�JJ#f��` �JJF, ا�JJ)�iد ، `�:#JJً� إن <� �*�JJ#JJr�r, ا�=�
 .JJ? �JJ1#� أن ا�/.)-�JJت ه�JJ آ��JJ�fت `JJ#`H, ا�JJ)�iد

     �=�( ، cذ�  �#(J#`H` ,J,   ذات  �(a ا1i=�روt
  �f�JJJJ=�� د�JJJ)�iا "JJJJXّ�*ٌ أن �r �JJJ�� �*�JJJJ#JJJJr, ا�=�

 7JJJ�� "JJJX�أ!JJJ.اء (JJJ���  cueing�\%ام *�JJJ#�6ت 
 ً�JJ6(�� "JJن أ��JJ=*  ًا%JJ)� �JJXآi48 اJJ/ل و )ا�HJJ� �JJ�

 اJJJJJJJF!i.ة *�=�JJJJJJJ .ا���4JJJJJJJ ا����JJJJJJJ9ري ا�JJJJJJJ�\%ام 
,LJJL\�ض ا���JJ� JJ/��JJX48 أآ  ,JJ#)وا�JJر��L 
�JJ% " ا��ا�JJ  ا1G��ا@�JJ"إن أ:JJ#`H`.  ,JJ�9, ا�JJ)�iد
  4��JJJ)ا� �JJJ=ّ�*) ء�JJJ��� د�JJJ3� (  ،"6�8JJJا�� �JJJ1JJJ� �

 ,JJJJJ#-(./ذج ا��JJJJJا���  JJJJJ� "JJJJJ��3�ه� ا�%JJJJJ!�( �JJJJJ�ا�
 n3�� ،   �JF#1 ا�>�)J6, ا���J=�( �J ا��J��3"         ا�����ب

�  ا����ذج ا��#=�:#=#,. 
 

4��JJJ� �JJJ1 ا���JJJ!0, ا�/.)-#JJJ, ا����JJJ/: ، ,#��JJJ% أن 
         aJ)� �1�J( ت ا�����ب��?�� أ�Y8 ��ا�v ر��
          �J1 �J�� ، �1 ا����ذج l�H��� ,#���iت اH#F8�ا�

  �JJJ�� رة%JJJ6ا� cJJJو ذ� �و)%JJJ*و ، ,JJJ�!��ا� 'lJJJ(�6* '
 أآJJJJX� إن .ا����JJJJذج :��JJJJ و�(#JJJJ%ا ��JJJJ ا���CJJJJه%   

�JJ3�د ����JJء  (��(4�ِ�JJ م�ُ*�JJ<* ، %JJ6راً �/����JJتا� (
�#J,   �� ا�=�#J,  ردود ا�3("  �J��  �J`ـ أ JB*� �#Jه�ـ.  �J��

     l8JJ��*ُ ، Yا��JJا� �و)%JJ* ل�JJ? �JJ1 ، ل�JJXا�� "#JJ�
�ً#f�6�* �F@�� 4�(آ" ��#, و ,��t. 

 

 

   ,�9:iة ا� #,ا�/.)-�1 ا�J#=   M %J�  ن�J=(   ب�J$��
  �ً�fأن  دا"�C*   "آ �*�#إذ أن  . ا�0Jرّات  &�رة ا�=�

   "JJf�Fد ا�%JJ)ا��JJJ� JJ0رّات ا�  v�JJ�( أن �JJJ=�( رة�JJJ& 
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be desirable to include every single atom in the 
computer image; the sheer number of atoms can 
result in a very confusing and cluttered picture. 
A clearer picture may be achieved by omitting 
certain atoms (e.g. hydrogen atoms) or by 
representing groups of atoms as single ‘pseudo-
atoms’. The techniques that have been 
developed for displaying protein structures 
nicely illustrate the range of computer graphics 
representation possible. Proteins are polymers 
constructed from amino acids, and even a small 
protein may contain several thousand atoms. 
One way to produce a clearer picture is to 
dispense with the explicit representation of any 
atoms and to represent the protein using a 
‘ribbon’. Proteins are also commonly 
represented using the cartoon drawings 
developed by J Richardson. 

,r�CJJ�,JJ=���&�JJرة  ا���&JJ" إ�JJ!. �JJ=�( �JJ%ا  و
�(#�J,    ذرات ?0Jف  �� t�)7  أو@;)   "JX�ذرات 

� �JJ�HJJل *�JJ#X"  أو) ا�JJ#F%رو!#� �JJ��/����JJت  
U ذرة  ا�0JJراتJJr �JJ1وJJ?ة ا%),JJ3f). ذرة زا*َ�ُJJض( 
 ،ا�J�و*#�  ��#J, (�ض  � ا��� *4 *>�)�ه�  ،   ا���6#�ت
,JJ���/� �JJ���ت ا�����JJب �JJر� "JJ#X�* ا�JJ�=��,. 

�JJت ه�JJ�#*و���آّJJ, ��#��ات�JJ ا�  �JJ�ا�JJ�?iض  
,#�#�iا�?��  و،  ا  �#BLJو*#� ا��    %J�(   �J�� ي�J�� 
:��JJJج %ة JJ#?G �ا�>�)JJ6,  ا� .ا�0JJJرات +Mف �JJ�  �JJ%ة 

���B�JJ� "JJ#X�*  "LّJJ3ء ��JJاM ه�JJ@, �JJا&�JJرة و
  Jو 0رات�=" ا�   "J#X�* �#*و�J .'ا�CJ�J��� ' Y(�\%ام  ا�

 ه�JJJJ@, �JJJJا&�JJJJرة و:��JJJJج %ة �JJJJ#?Gا�>�)JJJJ6, ا�
 �JJ� ء��B�JJ�Mا "JJ#X�*   JJا� "JJ=� "��JJrم و 0رات�JJ#6ا�

� "JJJJJJ#X���#*و�JJJJJJ *�JJJJJJr'. "JJJJJJX�JJJJJJ��� 'Y(�\%ام ا�
ا���J   ا�=�*�ن ر����ت ����\%ام ا��و*#��ت أ)�� 

�F)@رد��ن.ج و�C�(ر )J Richardson (. 
 

1.5 Surfaces/ط��
    ��	�	ت ا
�ط���	�	ت ا
�ط���	�	ت ا
�ط���	�	ت ا

 
Many of the problems that 
are studied using molecular 
modelling involve the non-
covalent interaction 
between two or more 
molecules. The study of 
such interaction is often 
facilitated by examining the 
van der waals, molecular or 
accessible surfaces of the 
molecule. The van der 
waals surface is simply 
constructed from the 
overlapping van der waals 
spheres of the atoms, Fig 8. 
It corresponds to a CPK or 
space-filling model. Let us 
now consider the approach 
of a small ‘probe’ molecule, 
represented as a single van 

 

 

 

 

 

 

 

 

 

Fig 8: The van der Waals surface is 

shown in red. The accessible surface 

is drawn with dashed lines and is 

created by tracing the center of the 

probe sphere (in blue) as it rolls along 

the van der Waals surface.(Source: 
http://en.wikipedia.org/wiki/Accessibl

e_surface) 

 

 

��JJJJJ ا���CJJJJJآ" ا���JJJJJ  إن  %JJJJ(%)ا�
   ,JJJJJJJJ!0ام ا���%\�JJJJJJJ��� _JJJJJJJدر�

 ,JJ#-(./ا� ، "JJ��3�ا� �JJ�� ي�JJ<�*
    �JXأو أآ �#J�`ا���8ه�� �#� ا �#$

��JJ آJJ#X�اً. ��JJ ا�/.)-�JJت  JJ* "F8
 van der (درا��JJ1 ,JJن د)JJ� �JJ1ل

waals( يء.JJJJJJJJJ/��;<JJJJJJJJJ�iوا  
 ,JJJJJ#-(./ا� ،,JJJJJ?��0ا ا��JJJJJه "JJJJJX�
"JJ��3�ا�.  ;<JJ� Z�VJJ�(   �JJ(ن د�JJ1

�� ) van der waals (ل�1 ,t�8�
 van der  (*J%ا�" �J1ن د)J� �J1ل    

waals(   �1 ت ا�0راتM�/�آ��  (
 وهJJJJJ@�*fig8.( �JJJJJ; ا��LJJJJJرة  

 :��JJذج   أو �JJ�: "JJXّ�(CPKذج 
space-filling .  ا�ن �JJ9�: �JJ:د��

  �JJJJJJJJJJJJابإ��JJJJJJJJJJJJJ�ا�JJJJJJJJJJJJJ!  يء.
�#B&' �ّ���  ' ُ� ،�َXّ  "  48/�  ن�J1

�>;   وا?% ، إ��   آ�ويد)� �1ل   
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der waals sphere, up to the 
van der waals surface of a 
larger molecule. 
The finite size of the probe 
sphere means that there will 
be regions of ‘dead space’, 
crevices that are not 
accessible to the probe as it 
rolls about on the larger 
molecule. 
 

 
Fig9 : (Source: 

http://www.ccp4.ac.uk/.../newsletter38/03
_surfarea.html ( 

 . �1ل أآ� .يء �1ن د)� !

 /48JJ ا�=JJ�وي �� ��JJ%ود ا��/4JJا�
 JJ�ّ��ا��  UJJ:أ �JJ�)(  ك�JJن ه��=�JJ� 
7t�JJ�� ' ,?�8JJ�,JJ�#�'.  #<�8JJ( M

   �JJJJإ� "LJJJJ( أن  JJJJ�ّ��48 ا��JJJJ/ا�
�J? ZJ��* �F:iل !J.يّء       ا��6Cق  

� .أآ

This is illustrated in fig 1.4. The amount of 
dead space increases with the size of the 
probe; conversely, a probe of zero size would 
be able to access all of the crevices. The 
molecule surface contains two different types 
of surface element. The contact surface 
corresponds to those regions where the 
probe is actually in contact with the van der 
waals surface of the ‘target’. The re-entrant 
surface regions occur where there are 
crevices that are too narrow for the probe 
molecule to penetrate. The molecular surface 
is usually defined using a water molecule as 
the probe, represented as a sphere of radius 
1.4 A°. 
 
The accessible surface is also widely used. As 
originally defined by Lee and Richards this is 
the surface that is traced by the center of the 
probe molecule as it rolls on the van der 
waals surface of the molecule (Fig.1.4). The 
center of the probe molecule can thus be 
placed at any point on the accessible surface 
and not penetrate the van der waals spheres 
of the atoms in the molecule. 

�JJ  *.ا)JJ� %JJ%د ا�!�8JJم    ,JJ�#�8?�ت ا��JJد ا��%JJ� داد.JJ(
,JJ)�ّ��ا�� . n=)��JJ�8وي    و�JJ( 0يJJا�  JJ�ّ��48 ا��JJ/إن ا�

)���Jي   .?/�3& U�U�=�( ، ا��&�ل إ�� آ" ا��6CJق       
 ;<JJJا��    �LJJJ�� �JJJ� �#JJJ3��\� �#��JJJ: �JJJ�� يء.JJJ/
 ;<8JJا�  . JJ(�#C  ;<8JJا�    �JJإ� ،cJJ�7   ا���t�JJا��� cJJ�* 
 oJ#?أن   JJ�ّ��48 ا��JJ/ا� �JJ��  ك�JJ=�?ا JJ� ��JJ1 ;<JJن  

��>J6,  .'ا�F%ف'د)� �1ل  �JF9* ـ Jا�  re-entrant surface 
* oJJ#?�ا� %JJ!JJ�6ق ا�CJJ6,ا�#��JJ��8;  ا�JJ* M ل��%JJ� 

�JJJJ/�.�JJJJ.يّء ا����JJJJ�ّ ا �ًJJJJ��$(ُ %ّJJJJيّء�.JJJJ/ا� ;<JJJJ� د 
���JJ!   JJ�ّ.يّء ��JJ ا���JJء ���JJ�\%ام 48JJ/آ   �ُJJ�X� �JJ1 "

U��)r ��  .أ�Z در!,  1.4  !48 آ�وي ، )
 

 .أ)CJJJ� �ً�JJJ=" وا�8JJJ* accessible surface  JJJ�\%م ا�JJJـ
 �JJJوه) ZJJJ(�)* l8JJJ��Lee  و  Richards��JJJ&iا( 

 إ��J   ا�/ّ.يء ا����ّ�  أو ��آ.���% �� و�Y  ا�8>; ا� 
�JJJ�;<JJJ� ل�JJJ?  ل�JJJ1 �JJJ(ن د�JJJ1 يّء�.JJJ/�  (Fig.1.4)  .

       �J1 ,<6: آ. ا�/.يّء ��� أي��و������� )�=� و@  
 ا�/48JJ ا�=JJ�وي %�" دون أن )accessible surfaceJJا�JJـ 

 . ا�/.يّءإ�� دا�"��0رّات 

  

1.6 Computer Hardware and Software/ تأ���ة��	
  ا�������� و��

 
The workstations that are commonplace in 
many laboratories now offer a real alternative 
to centrally maintained 'supercomputers' for 

��J ا��\�J�ات          ا���!�دة  ا�(�"  أ��آ� *6%م %J(%)ا� �J1 
�� H(%JJJJJJJJJJJJJا�� l#JJJJJJJJJJJJJا���JJJJJJJJJJJJJ(.آ�� ,JJJJJJJJJJJJJ�H�)ا� ,



[13] 
 

molecular modelling calculations, especially 
as a workstation or even a personal computer 
can be dedicated to a single task, whereas the 
supercomputer has to be shared with many 
other users. Nevertheless, in the immediate 
future there will always be some calculations 
that require the power that only a 
supercomputer can offer. The speed of any 
computer system is ultimately constrained by 
the speed at which electrical signals can be 
transmitted. This means that there will come a 
time when no further enhancements can be 
made using machines with ‘traditional’ 
single-processor serial architectures, and 
parallel computers will play an ever more 
important role. 
 
 
To perform molecular modelling calculations 
one also requires appropriate programs (the 
software). The software used by molecular 
modelers ranges from simple programs that 
perform just a single task to highly complex 
packages that integrate many different 
methods. There is three items of software 
have been so widely used: the Gaussian series 
of programs for performing ab intio quantum 
mechanics, the MOPAC/AMPAC programs 
for semi-empirical quantum mechanics and 
the MM2 program for molecular mechanics. 

'supercomputers '  ت ا��JJ#��)��� م�JJ6* �JJ���8ا�JJ�,# 
(�J" أو ?��J   ا� =�Jن ���#J=( oّ�س   ،  ���0!, ا�/.)-#, �

!�JJFز آ�#*�JJ� JJ�F�� �LJJ\r, وا?JJ%ة، JJ? �JJ1#� أن      
�#�  �J%ة    �CJ��ك ��J=(       Jن  ����ب ا�(�HJق  ا�%\�8J�

8�6" ا�6�J� lJ(#=�ن ه��Jك           . +��)�J�1 ا�� ،cذ�  �و
         �J�ة ا��J6ا� lJ�<�* ��ا�����8ت ا� a)� ��fداM   �J=�( 

�F)ان %JJ6�  Mق  ا�إHJJ�)ب ا��JJ���YJJ61 . أيإن ,��JJ� 
�JJJJ#6%ة ?���JJJJب :�JJJJ9م  � "JJJJ6��*  �JJJJ�, ا���8JJJJ�� �JJJJF#1

,JJ#f���F=رات ا��JJrGا . UJJ:أ �JJ�)( 0اJJوهJJ� M _JJو� �*V#
 )�=� إ?�از ا��.)% ��J ا���8J#��ت ���J�\%ام اJF!i.ة          

',JJJJJJ(%#�6�ا� 'v��JJJJJJ)���JJJJJJ�%�F� ,�8JJJJJJ�8, وا?JJJJJJ% ذات  ،
  ,JJ#أه� �JJXدورا أآ lJJ)�* ف�JJ� ,JJ(ا����از l#JJوا���ا�

����� أي و�_ . 

 

���J!0, ا�/.)-#J, أ)��J    ��(��#�ت ا��#��8,  )�>�l أداء ا  
  ,JJJJJ���� v��JJJJJ�)v�ا�JJJJJ:��/#�JJJJJت   *�JJJJJ�اوح.)ا��ا�

,� ا�8J#>,  ا�J�ا�J�  v#�  ا�/.)-#J,  0!,ا����1   ا��8�\%
J�ا�v وا YJ61  وا?J%ة  ��F, *�دي ا����  Jا�  %J#6)�ة ا�%(%C 
��6vم � * ا���%     ,J3��\ق ا���ا�> ��ه��Jك `J`H,    .ا�(%)% 
�� ا��ا�v ا��� *4    أ:�اع        Jق وا��<: ��� �F� ا��\%ا
  Gaussian 0#3��� ab intio  ���8, ��ا�v $�و��:!%ا 

1 4JJ=ا� �JJ=#:�=#�  v� MOPAC / AMPAC ، و�JJ�ا
    v��JJJJJ:�و� ,JJJJJ#U ا��/�)JJJJJr 4JJJJJ=ا� �JJJJJ=#:�=#��2MM 

 . ا�/.)-#,����#=�:#=#

 
 

1.7 Units of Length and Energy/ ا�����و ا���ل و��ات     

 
Z-matrix is defined using the angstrom as 
the unit of length (1 A°≡ 10 -10 m≡100pm). 
The angstrom is a non-SI (International 
System of units) unit but is a very 

 Z(�)* 4�( Z-matrix وم  ����\%ام�8�J/:ة  ا%J?ل  �� آ��J<
���100 ≡م   8JJ/: ≡10 - 10��وما1(�JJ=#� (. وم�8�JJ/:ا JJه� 

�J�fH,  و�=��JF ،  ���9م ا�J%و�� ���?J%ات  �*��(,   $#� و?%ة 
 J� 1- 2#�  ا�J�وا�Y  أ�tال �(49*��اوح   و،  !%ا ��H�\%ام 

                                                 
1 Ab initio quantum chemistry methods are computational chemistry methods based on quantum chemistry/ 

 l#أ��� Ab initio.�������, و)=#%)� ا�G=��و:#, (ا�=4 آ#�#�ء ا��(����*#, ا�=#�#�f#, ا��� *8��% إ�� t�ق ه�  l8��( 
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convenient one to use, as most bond 
lengths are of the order of 1-2 A°. One 
other very commonly non-SI unit found in 
molecular modelling literature is the 
kilocalorie (1 kcal≡4.1840 kJ). Other systems 
of units are employed in other types of 
calculation, such as the atomic units used 
in quantum mechanics. 

  .ا:/8JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ��وم

ا���JJJ!0, آ�8JJ*  lJJJ�\%م �JJJ1 أ�JJJ�ى  و?JJJ%ةآ��JJ أن ه��JJJك  
,JJJ#-(./وه�ا�، �JJJ#$  ,JJJ)��*�  ات%JJJ?��� و��%JJJم ا��JJJ9�� : 

  ,J(ار�ات ا���)8Jا�  kilocalorie  )1  ,JJ(ار�ة ?�)J� ≡ 
��JJJJ أ�JJJJ�ى أ:JJJJ�9,وه��JJJJك أ)�JJJJً� ). آ#��!�JJJJل 4،1840 

�JJX"، �تا���JJ1 ��8JJ أ:�JJاع أ�JJ�ى �8JJ*  �JJ�\%م�?JJ%اتا� 
�#=�:#=� ا�=4 �1 *8�\%م  ا���),0رّا� ة�?%ا�. 

 

1.8 Mathematical Concepts/ ���	ر�
 ا
��	ه�م ا
ر�	���ا
��	ه�م ا
ر�	���ا
��	ه�م ا
ر�	���ا
��	ه�م ا

 
A full appreciation of all the techniques of 
molecular modelling would require a 
mathematical treatment. However, a proper 
understanding does benefit from some 
knowledge of mathematical concepts such as 
vectors, matrices, differential equations, 
complex numbers, series expansions and 
lagrangian multipliers and some very 
elementary statistical concepts. 
 

��J أ!J"    �)�@#, ا� �(��/,)/l ا�6#�م ���   ، �(%J6*    J#�!
�)�c�0JJ�،  lJJ/(  ,JJ1 .ا���JJ!0, ا�/.)-#�JJ#�6* ,JJتaJJ)� 

 ,#JJJJJJJJJJ@�(�ه#4 ا��JJJJJJJJJJ3ا�� "JJJJJJJJJJX� UJJJJJJJJJJ/�ّا�� vector ، 
 ، ا��(�JJJJدMت ا��matrices ,#�JJJJ@�3ا���1�3LJJJJت

differential equations  ة%J6)م ا���Jر�iوا ،  complex 

numbers ،  ,�8J�� ت�)JJ���و،  ا� ���J� JJ$M�ا:�3vت 
 .و�#,اi اa)�,#f�L?G ا���3ه#4 و
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2 Computational Quantum Mechanics 

��	)�� ��2	3�2�	 ا�2,/4� 

2.1 Introduction / ��'�� 

 
There are number of quantum theories for 
treating molecular systems. The one which has 
been widely used is molecular orbital theory. 
However, alternative approaches have been 
developed, some of which we shall also describe, 
albeit briefly. We will be primarily concerned 
with the ab initio and semi-empirical approaches 
to quantum mechanics but will also mention 
techniques such as Huckel theory, valence bond 
theory and Density functional. 
 

       ,JJ�9:iا ,JJ/��)�� 4JJ=ت ا��JJ(�9: �JJ�ه��JJك �JJ%د 
,JJJJJ#-(./ا� . ، �JJJJJ-(./ار ا�%JJJJJا�� ,JJJJJ(�9: �JJJJJو*(�

  ًM��)�JJا� �JJXآiا ,JJ(�94 . ا��JJ* �JJآ�  aJJ)�  JJ@و 
vFى ا����iـ  .ا Jا� vه�J�� Mًأو �0آJ:ab initio ـ Jوا� 

semi-empirical  �4JJ=ا� �JJ=#:�=#�.  �ً�JJ(أ �0آJJ: �JJآ�
:9��JJJJ#�6�Huckel  ، ,JJJJ(ت �9: "JJJJX�aJJJJ)� ,JJJJ( ا�

�JJ=* �8%اتJJ�1 ا�valence bond و ,JJ(�9: ,JJ1�X=ا� 
,#3#� .Density functional ا��

 
The starting point for any discussion of quantum 
mechanics is the Schrödinger equation. The full , 
time-dependent form of this equation is: 

,JJJJJد��)�:JJJJJ<6, هJJJJJr Schrödinger  �JJJJJ�ود:B� إن 
HJJ<:Gاi ق ,CJJ���� ,JJ( �JJ14JJ=ا� �JJ=#:�=#� ���JJذجا�. 

�� ه��.ا���(�6, �ا�=��" ���(�د�, � 
 

 
eq.1,1 

 
Eq. (1,1) refers to a single particle (e.g. an 
electron) of mass m which is moving through 
space (given by a position vector 

 ) and time (t) under the 
influence of an external field V (which might 
be the electrostatic potential due to the nuclei 
of a molecule). h is Planck’s constant divided 
by 2π and i is the square root of -1. Ψ is the 
wavefunction which characterizes the 
particle’s motion; it is from the wavefunction 
that we can derive various properties of the 
particle. When the external potential V is 
independent of time then the wavefunction 

 �#CJ( Eq. (1,1)    4#8J! �Jإ� )  ون�J�=�Gا "JX�(  ,J��=� m  

ُ)�JJJJJJJJJJّ%د ��ا�JJJJJJJJJJ>,   (ا���JJJJJJJJJJ3ء�JJJJJJJJJJ�  JJJJJJJJJJ��(�ك،
UJJJ/ّ�� ( _JJJوا���(t) _JJJ�* �#`VJJJ* 

=F���JJء إ�=�:#JJ, ا�=�JJن )ا��V  ) %JJ� �JJا��JJ6" ا�\�JJر!� 
,JJ< ا�Planck ,JJ���X هJJ/.( h  ,JJ�#� �JJ.يءا���JJى � ا���*

 ��� ,��86�2π  . i �)#���1- �ـه� ا�/0ر ا� . Ψ  �Jه 
 ,JJ#!ا��� ,JJ�ّ8#��تا�%اJJ/ا� ,JJآ�? .JJ#�( 0يJJ0ي . ا�JJا��JJه 

 ���JJJ���� �JJJ� ا�JJJ����ج ��JJJ��=�*�JJJ  ا���JJJ %ا�JJJ, ا���!ّ#JJJ,ا�
��. ا�\sf�LJJJ ا��\��8JJJ/�� ,JJJ3#��ت%JJJ�� ,JJJ��=ن ا��JJJ=* 

 ,JJ#!ا�\�رV  ا� ,JJ���آ �JJ=�(ُ ،_JJ����� ,JJ<*�� �JJ#$  ,JJا�%
,JJJJJJJJJ#ّ!ا���    �:�JJJJJJJJJ�: آ��#/JJJJJJJJJ/� ,JJJJJJJJJ.ء �=�JJJJJJJJJ:� وز
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can be written as the product of a spatial part 
and time part: . We shall 
only consider situations where the potential is 
independent of time, which enables the time-
dependent Schrödinger equation to be written 
in the more familiar, time-independent form: 

 .   �#JJJJ)� تM�JJJJ0 ا��JJJJ�V*ُ أن lJJJJ/(
          �J�� ،_J����� ,<*���ر، ��%�� *=�ن ا�=��, $#� ��Gا

   ,J�8; ��(�د�J( B:ود�Jrا�� �     lJ�=* نVJ� ،_J����� ,J<*�
_����� Y*�� �#Bه0ا ا���� ا� ���: 

 
eq.1,2 

 
E is the energy of the particle and we have 
used the abbreviation (pronounced ‘del 
squared’): 

E 4#8/ا� ,��t ر . ه��L��Gو�% *4 ا��(��ل ه0ا ا
 ’del squared‘ )ا��8ّ��(

 
eq.1,3 

 
It is usual to abbreviate the left-hand side of eq. 

(1,1) to Ĥ Ψ, where Ĥ is the Hamiltonian 
operator: 

     4JJر� ,JJا��(�د� �JJ���JJدةً �LJJ�\*ُ �JJ� ا�/JJF, ا�#8JJ�ى 
)11, (  �Jإ�Ĥ Ψ  ـ Jأن ا� oJ#�� Ĥ   �JهHamiltonian 

operator: 
 

eq.1,4 

 
This reduces the Schrödinger equation 
to . To solve the Schrödinger 
equation it is necessary to find values of E 
and functions Ψ. The Schrödinger equation 
falls into the category of equations known as 
partial differential eigenvalue equations in 
which an operator acts on a function (the 
eigenfunction) and returns the function 
multiplied by a scalar (the eigenvalue). A 
simple example of an eigenvalue equation is:  

      �JJإ� �B:ود�JJr ,JJد��)� �LJJ�\( �JJ��  "ّJJ��
�(�د�,  .Ψ وا�ـ  Eه20 ا��(�د�,، )/l إ)/�د �#�, ا�ـ   6*

�وJJJr "JJJ@�3���� ,JJJ1�ود:B� دا�JJJ-1 "JJJ, ا��(�JJJدMت ا��(
 ، ?#�JJJJJ6( oJJJJJم   eigenvalueا�/.�JJJJJ)�� �JJJJJfدMت  

����#`VJJJJJJJJJJJJJJJJ� ���JJJJJJJJJJJJJJJJ و�operator  ,JJJJJJJJJJJJJJJJ3#ا�JJJJJJJJJJJJJJJJـ
)eigenfunction(ـ JJJJJJJ� ,و���JJJJJJJ� �JJJJJJJده�و)ُscalar  
)eigenvalue .( ,د��)� ��� Y#8� ل�X�:eigenvalue  

 
Eq.1,5 
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The operator here is . One eigenfunction 

of this equation is y  with the eigenvalue r 
being equal to a. Eq.1,5 is a first-order 
differential equation. The Schrödinger 
equation is a second-order differential 
equation as it involves the second derivative 
of Ψ. A simple example of an equation of this 
type is  

  �Jه�� ه "BّCـ  . ا�� Jا� ,J3#� �20JF ا��(�د�Eigen    ,Jو
*���a .   �J*�8وي )  �Eigen#�, ا�ـ ( rزاy    %f: ه�

 ,JJJول ,51ا��(�د�iا ��JJJ@�3�ا� lJJJ#*��ا� �JJJإ�  . �JJJ���*و
        "�CJ*و ،�:�Xا���3@�� ا� l#*��إ�� ا� �B:ود�r ,د��)�

 :�(�د�, �� ه0ا ا���ع��Xل �Ψ .� Y#8ا��C�7 ا��X:� �ـ

 
Eq.1,6 

 
 

The solutions of eq.1,6 have the 
form , where A, B and k 
are constants. In the Schrödinger equation Ψ 
is the eigenfunction and E the eigenvalue.  

 ,JJا��(�د� "ّJJ? 0JJ\�(6 1, "JJآ  ،
�(�د�JJr ,JJ�ود:B���JJ` . �JJ1  ،��نoJJ#?A,B,k أن Ψ  �JJه
 . ه� �#��E�F وا�ـ Eigenو�#3, ا�ـ

 

2.1.12.1.12.1.12.1.1 Operators / ن�    ا�"�7ّ

 
The most commonly used operator is that for 
the energy, which is the Hamiltonian operator 
itself, Ĥ. The energy can be determined by 
calculating the following integral: 

"BC�. r#��ً� اiآX�>��, ه� ا��BC"  ه��#���ن ��إن 
�"ه0ا ا�)�=� ا?��8ب ا�>��, �� �Hل ا?��8ب �=�: 

 
Eq.2,1 

 
 

 
(Ψ*) : the wavefunction may be a complex 
number. 
E: scalar and so can be taken outside the 
integral. 
If the wavefunction is normalized then the 
denominator in eq.2,1 will equal 1. 
The Hamiltonian operator is composed of two 
parts that reflect the contributions of: kinetic and 
potential energies to the total energy. The kinetic 
energy operator is: 

(Ψ*) : ا�%ا�, ا���!#, �% *=�نlّآ�� .�%د 

E : ا �JJJ���JJJ=�("JJJ أن *\JJJ�ج �=�� . ,JJJا�%ا� _JJJ:إذا آ�
   ,JJا��(�د� �JJ1 ج�JJ\ن ا���JJ1 ,JJ#)#t ,JJ#!ا��� eq.2,1 

 .1)�8وي 

 

     oJJ#��،�#f.! �JJ��#���ن �JJه "BCJJ� Z�VJJ�(nJJ=)* 
��ت�FJJإ� :  ,JJ#آ�ا�� ,JJ��<و ا�  JJ@ا�� ,JJ��t  �JJ�� 

�BّC" ا�>��, ا���آ#, ه�. إ!���� ا�>��,: 
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And the operator for the potential energy 
simply involves multiplication by the 
appropriate expression for the potential 
energy. For an electron in an isolated atom or 
molecule the potential energy operator 
comprises the electrostatic interactions 
between the electron and nucleus and the 
interactions between the electron and the 
other electrons. For a single electron and a 
single nucleus with Z protons the potential 
energy operator is thus: 

  ,JJ(��JJ��t "BّCJJ, ا��@JJ@  JJ�ب ا�(�JJرة ا�/ "�CJJ(و 
,JJا����� G,JJ��<ت ا��JJ:�=�8, JJ�=�G�ون �JJ1 ذرّة . JJ����

�JJJJ أو !JJJJ.يّء �(JJJJ.ول،  "�CJJJJ(    JJJJ@ا�� ,JJJJ��t "BّC
 ا���JJاة و و اJJ�=�G�ون  ا�=F�و�JJ� ,#=#*��JJ#�  ا��H��JJ3ت

 �#JJJ� تH��JJJ3�ون ا��JJJ�=�Gت و ا�JJJ:و��=�Gىا�JJJ�iا  .
G ,8JJJ���� ون�JJJ�=�%JJJ?اة و وا�JJJ:ة%JJJ?وا  JJJ�  �JJJ�زد 

��JJJ1 ،"BCJJJن ا��و*�:�JJJت ,JJJ��<ا� �JJJه ,JJJ���ا���  �JJJ��
 :ا���� ا����� 

 

 
 

Operator for linear momentum along the x 
direction : 

 BCJ�  ,JJ#<\ا� ,JJآ�ا�� ,JJ#أو آ� �J<\ا� ,JJآ�4 ا��JJ�ز "
 2�/*Mازاة  ا�� �1x: 

 

 
 

The expectation value of this quantity can 
thus be obtained by evaluating the following 
integral: 

  �JJ�� ل�LJJا�� �JJ=�(و ,JJ�#ا��  JJ����  ,JJ#�=20 ا�JJF  �JJ�
�" ا����� ا��Hل *4##6�=�� : 

 
Eq.2,6 

 
 

2.1.22.1.22.1.22.1.2 Atomic Units    / / / / و9'ات ا�!رّة    

 
The atomic units of length, mass and energy 
are as follow: 
 

• 1 unit of charge equals the absolute 
charge on an electron, 

  
 

      �Jا��� �J�� ا��?%ات ا�0ر), ��=��, وا�>�ل وا�>��, ه�
 :ا����� 

 

�>���CJJJ� ,JJJ6,  ا�JJJ�#6, ا���JJJr, وا?JJJ%ة *�8JJJوي    •
 . إ�=��ون
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• 1 mass unit equals the mass of the 
electron,  
 

 
• 1 unit of length (1Bohr) is given by 

  
 
It is the radius of the first orbit in 
Bohr’s treatment of the hydrogen 
atom. It also turns out to be the most 
probable distance of 1s electron from 
the nucleus in the hydrogen atom. 

 
• 1 unit of energy  (1 Hartree) is given 

by 
 

 
It corresponds to the interaction 
between two electronic charges 
separated by the Bohr radius. The 
total energy of the 1s electron in the 
hydrogen atom equals -0.5 Hartree. 

•  ,JJJJJ��=ة ا�%JJJJJ?ة(و%JJJJJ?وا ,JJJJJ��آ ( ,JJJJJ���8وي آJJJJJ*
 :ا�G=��ون

 

 

)  أو ��Jه�   :��Jذج ��Jر    1( ُ*(>� و?J%ة ا�>�Jل       •
 ,<JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJا���

 

 

إ:JJr UJJ(�ع ا��JJ%ار اiول �JJ�: �JJ1ذج ��JJر �0JJرّة   
و)���JJJJل أ)�JJJJً� إ��JJJJ أن )=�JJJJن . ا�JJJJ#F%رو!#�

��JJ   ا� �ًJJ�#!�* �JJXآi1�8, اJJ�1s  �JJ� إ�=�JJ�ون 
 .ا���اة �1 ذرّة ا�F#%رو!#�

 
 ��ا�>,)  ه�ر*�ي 1(ُ*(>� و?%ة ا�>��,  •

 
 

    JJJJ� 7JJJJ1ا��( UJJJJ:إ �JJJJا�آ� "JJJJ��3� �#JJJJ� �#���JJJJr 
)�8JJJJوي  . ��JJJJه� JJJJr(�ع  )��F�LJJJJ3 إ�=�JJJJ�و:#��

1�/��JJJJJJJع ا�>��JJJJJJJ� ,JJJJJJJـs ذرّة �JJJJJJJ1 ون�JJJJJJJ�=إ� 
 .  ه�ر*�ي0.5-ا�F#%رو!#� 

 

2.2 One-electron Atoms 

 
In an atom that contains a single electron, the 
potential energy depends upon the distance 
between the electron and the nucleus as given 
by the Coulomb equation. 
It is more convenient to transform the 
Schrodinger equation to polar coordinates r, θ 
and φ, (wavefunction) where: 
r: the distance from the nucleus 
θ: the angle to the z axis  
φ: the angle from the x axis in the xy plane 
 

، *�*=. وا?% إ�=��ون ا��� *���ي ��� ا�0رة �1
 ,��ا���اة و ا�G=��ون �#� ا��1�8, ���ا�>��, ا�=�

�l8� ,د��)� l� .آ���

�� r�ود:/� �(�د�,*��)" ، �Hء�, X�آ اiو
 ,# :?#o ) دا�, ��!ّ#,( φ و ��r،θ?%ا`#�ت ا�6>

r : ,1�8ا�� �� :�اة 

θ : ,(ر �� زاو���z 

φ : ,(زاو �� xy ا�>�f�ة x �1 ا����ر 
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Y(θ,φ) : angular function called a spherical 

harmonic 

R(r) : radial function 

n: principal quantum number: 0, 1, 2,… 

l: azimuthal quantum number : 0, 1,…, (n-1) 

m: magnetic quantum number : -l, -(l-1), …0…(l-

1), l 

Y(θ,φ) :,3#�  زاوّ), *��8 *���7 آ�ويو

R(r) :,#��)r ,3#� و

n :��8%د#f�2,1,0,…:  ا�=4 ا� 

l :ا�=4 ا��8�� �%د: (n-1),…,1,0 

m :�8 ا�=4 �%د#t��Bا�� :l,(l-1)…0…,-(l-1),-1 
 

 

 
 

, where  is the Bohr radius. 
 is a special type of function called a 

Laguerre Polynomial 
 

,،  o#?  �ع ��ه�)r ه�. 

         ��8JJJ* Zf�JJJ���JJJ ا�� .JJJ#��ه�JJJ: �JJJع 
Laguerre Polynomial 

 

 
With: 

 

 
 

: The solutions to the Schrödinger 
equation for a particle on a ring. 

: Series of function called the 
associated Legendre polynomials. 

 .�/8#�4(�د�, r�ود:/� � ا����ل: 

 : 8J��,�   ��%J* Zf�J� the associated( و
Legendre polynomials.(  
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The energy of each solution is a function of the 
principal quantum number only; thus orbitals 
with the same value of n but different l and m 
are degenerate. The orbitals are often 
represented as shown in fig 2.1. These graphical 
representations are not necessarily the same as 
the solutions given above. For example, the 
‘correct’ solutions for the 2p orbitals comprise 
one real and two complex functions: 
 

، Y61 ا��f#�8 ا�=4 (%دا� و�#3, ه� ?" آ" ��t,إن  
  l,mأ��F�     nJ3:� ,J�# n      ,J�#� �J ا��%ارات  إن   و�������

�\���JJ=�1,JJ3ن  . �JJ� �JJآ��JJ ه�JJ  ا��JJ%ارات *��JJXّ"و$��
 �1 �#��n#J   اJri=�ل ا�#�:#J,    ه20. 2،1 ا�C=" ر�4  

���JJ . ا��0JJآ�رة أ�2HJJ ا����JJل :�JJ���  �JJF�nJJ3�ورة
*�=�Jن   �2p%ارات  � ,ا��L#�'���ل  ا� �#" ا���Xل ،  

%6�#3�#� و ?�6#6 �� وا?%)��#* : 

 

 
 

 
 
R(r): The radial part of wavefunction 

: A normalization factor for the angular 
part. 
2p (0): function corresponds to the 2pz orbital 
that is pictured in Fig 2.1. 

R(r) :,#!ا�%ا�, ا��� �� ���)Cا�/.ء ا�. 

�" *�l#8 أ?�دي ��/.ء ا�.اوي :��. 

2p (0) : ار%�  � Fig ا���Lر 2pz �1و�#3, *��ا71 
2.1. 

 

Fig 2.1:  
The common graphical representations of s, p and d orbitals/ 

"#X��ا� ا�ا� �� C� s,p,d��ك ��%ار���

Src: http://butane.chem.uiuc.edu/pshapley/GenChem2/Intro/orbit.gif 
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The linear combinations below are the 2px and 
2py orbitals shown in Fig 2.1. 

 2py و�J%ار   2pxا���ا61#�ت ا�\ّ>#, أد:�2 *(�د ��%ار 
 .Fig 2.1ا���!�د)� �1 

 

 
 

 
These linear combinations still have the same 
energy as the original complex wavefunctions. 

�� زال �%)��t n3: �F, ا�%ا�J,       �ا61#�ت ا�\ّ># ا��ه20   ,
,#�&iا , .ا���!#, ا���آّ

 

2.3 Polyelectronic Atoms and Molecules/ ت	��إ���2ون ��4'د ا�!رّات وا���     

 
Solving the Schrödinger equation for atoms 
with more than one electron is complicated by 
a number of factors. The first complication is 
that the Schrödinger equation for such systems 
cannot be solved exactly (solutions can only be 
approximations to the real true solutions). 
A second complication with multi-electron 
species is that we must account for electron 
spin. 
Spin is characterized by the quantum number 
s, which for an electron can only take the value 
½. The spin angular momentum is quantized 
such that its projection on the z axis is either 
+ħ or –ħ. These two states are characterized by 
the quantum number ms , which can have 
values of +1/2 or -1/2, and are often referred to 
as ‘up spin’ and ‘down spin’ respectively. The 
spin part defines the electron spin and is 
labeled α or β. These spin functions have value 
of 0 or 1 depending on the quantum number 
ms of the electron. Each spatial orbital can 
accommodate two electrons, with paired spins. 
In order to predict the electronic structure of a 
Polyelectronic atom or a molecule, the Aufbau 

principle is employed, in which electrons are 
assigned to the orbitals, two electrons per 
orbital. For most of the situations that we shall 
be interested in the number of electrons, N, 
will be an even number that occupy the N/2 
lowest-energy orbitals. 

 "JJ? ,JJ#��� إن ,JJد��)�أآJJX�  ذات 0رات �JJr JJ�ود:/� 
�JJ�  ,JJ#��� �JJـ%، هJJ?ون وا�JJ�=ة إ�%JJ6)� cJJوذ�  l8JJ�
�JJ� �JJ%د "JJ� :�JJ=�( M UJJأ ه�JJ اiو��JJ ا��CJJ=�, .ا�(�ا

. X" ه20J اr ��    ,J�9:i�ود:/� �(�د�,إ)/�د ?" د�7# �   
)�JJJ=�(  د�JJJ/(ل إ�JJJ�?,JJJ#(�6* YJJJ61 �� ل�JJJ��,JJJ#6#6ا�� 

,�#�LJJJا�( .,�=CJJJا�� ,JJJ#:�Xا�  JJJ�iاع ا�JJJ: دة%JJJ)�ا�� 
 $JJJJJ.ل ?�8JJJJJب ه�JJJJJ أ:�JJJJJ�#�� lJJJJJ/( UJJJJJ اJJJJJ�=�G�ون
 .ا�G=��ون

(.JJJ#��  �#8JJJل أو ا�.JJJBد� ا�%JJJ) 4JJJ=ا� s  ،�JJJ�ا� �JJJ=�( 
 .1/2 *�8وي �#�, )V�0أن �=��ون ��

���Jر              �J�� Ut�6Jإ� "JX� J$ %)(ُz.ل ا�J.�4 ا�J.اوي 
 ا�=4J  (J%د � ه�*�Jن ا������Jن   *��#ħ. .   .J– أو   ħ+ه� أ)�ً�   

ms    ,J�#� 0JJ�V( أن �J=�� �J�و .1/2- أو  1/2+، ا� �JJ��$
�� )�Cر      4J��� �JF#��8,      "إ�Jرب ا��J6�  J��=nJ  "أو  " 

8#�   "  ��6رب ا���8, Jد !.ء ا�%�()  �J�.Bء ا�.J/ا� (
8#�(إ�=�JJJ�ون ا�JJJB.ل  JJJ��8 ) ا�JJJ(وα أو β . �8ويJJJ*

و��Zf ا�8#� ه3J& ,J�#� 20� أو وا?J� l8J�� %J%د               
 .msآ4JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ اJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ�=�G�ون 

  �#�.JJ$  JJ��JJ%ار )�=�JJ أن )l���8JJ إ�=�JJ�و:#�،  "JJآ
#�/ $JJ.ل2(JJ�(.  "JJ!أ �JJ�  JJ��* ,JJ#� ا�M=��و:#JJ, ا�
���J   ��"، )�4   ا�G=��و:�ت ��(%دا� /.يء ا� أو 0رة��

، ا��* �JJJ�l8JJJ: �JJJ�� .JJJ=*    �و���JJJ%ة اوف �JJJ أ��JJJس 
8, ��(4J9   . ا�G=��و:�ت إ�� ا��%ارات  Jت   و����M�Jا��

�JJ�ا�  � �JJF�H� �JJ� 4�JJF:د%JJ) ت�JJ:و��=�Mا ،N ،ف�JJ� 
CJJJ("Bـ JJJا� �JJJ:دiا ,JJJ��<ار ا�%JJJ� N/2،  دوج.JJJ� .�JJJ%د 
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Electrons are indistinguishable. If we exchange 
any pair of electrons, then the distribution of 
electron density remains the same. According 
to the Born interpretation, the electron density 
is equal to the square of the wavefunction. It 
therefore follows that the wavefunction must 
either remain unchanged when two electrons 
are exchanged, or else it must change sign. In 
fact, for electrons the wavefunction is required 
to change sign: this is the antisymmetry 

principle.  

����JJ).ة   �JJ#$ ت�JJ:و��=�Gأي  .إن ا "(%JJ�� �JJ��� إذا
       �J6( ,J1�X=و:�ت، �1ن *�ز)  ا���=�Gا ��زوج 

U8JJ3:.ون  و�JJ�=�Gا ,JJ1�Xون، إن آ�JJ� �#8JJ3�� �ًJJ61
    ,JJ#!ا��� ,JJا�%ا� lJJ)=�ا�%ا�JJ,   إن ��8JJ*. c�0JJوي 

%)"  أ)�ً�   )/l أن B�* M#�    ا���!#,* 4�( ��%��   �#J�`ا
���J##B*  ,J�  lJ/(  وإUJ:�1 M  ،  ا�G=��و:�Jت  H)ا�.   �J1 

     ,8JJJJ���� ,JJJJ���<� ,JJJJ#!ا��� ,JJJJإن ا�%ا�  JJJJا��ا�
        Jوه ،,J�H)ا� �J##B* "J!أ �J�0ا ��J  ���=��و:�ت 

�� .ُ)(�ف ��%ئ �%م ا����

 

 
 
 

2.3.12.3.12.3.12.3.1 The Born-Oppenheimer Approximation/ / / / رن�أو��>	 "�-��	ر�3 �     

 
The electronic wavefunction depends only on 
the positions of the nuclei and not on their 
momenta. Under the Born-Oppenheimer 
approximation the total wavefunction for the 
molecule can be written in the following form: 

 ,JJ#!ا��� ,JJا�%ا� %JJ��)* ,JJ#:و��=�Mا  �JJ�� YJJ61  JJا��� 
��J��  �JF  و�#n ا���ى.�.  lJ!و���  lJ(�6*  رن�J�- 

��(�JJJFأو�� ، ,JJJ���آ �JJJ=�(   ,JJJ#���!Gا ,JJJ#!ا��� ,JJJا�%ا�
 :ا�C=" ا�����  ���/.يء ��

 

 
 

The total energy equals to the sum of the 
nuclear energy and the electronic energy. The 
electronic energy comprises the kinetic and 
potential energy of the electrons moving in the 
electrostatic field of the nuclei, together with 
electron-electron repulsion: 

,JJJJ��<ا� ���JJJJ�!�8وي إJJJJ( ع�JJJJ�/�>��JJJJ, ا���و)JJJJ, ا� 
 ،ا�M=��و:#4�JJJJ* ,JJJJ ا�>��JJJJ, .ا�M=��و:#JJJJ,ا�>��JJJJ, و

,JJ��<ا� ,JJ#آ�ا�� ,JJ��<وا� ,JJ���ا��� �JJ� ا�G=��و:�JJت 
,JJJآ�ا���� �JJJ1  �f�JJJ��F=ا� "JJJ6ىا���JJJ��� �JJJإ� �JJJ�! ،

 l�! � *%�� .ا�G=��ون -ا�G=��ون 

 

 
 

2.3.22.3.22.3.22.3.2 General Polyelectronic Systems and Slater Determinants / / / / 0و أ3="� ا ��	��2ون ا�"�4'د ا�4�

    ��'دات �<)�

 
A determinant is the most convenient way to د�ّ% ا��ُ إن  Jه�  ,J6(�<ا�  �JXآiا   � ,J�fH�   ,J���= ل�=Jriا 
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write down the permitted functional forms of 
a Polyelectronic wavefunction that satisfies the 
antisymmetry principle. In general, if we have 
N electrons in spin orbitals X1,X2,…,XN then an 
acceptable form of the wavefunction is: 

,#3#�  ��%ا�J, ا���!#J, ا���(J%دة ا�G=��و:�Jت        ��?,ا�� ا��
   7JJ<*ُ �JJ�أا�%JJ����JJ%م �JJ��ن  . ا��JJم، إذا آ�JJ� "=CJJ� 

  ��(%�N       ,J#�.Bارات ا�%Jا�� �J1 ت�J:و�إ�=� X1,X2,…,XN 
 :، �1ن r=" ا�%ا�, ا���!#, ا��4fH ه�

 
 

 
 

X1(1): indicates a function that depends on the 
space and spin coordinates of the electron 
labeled ‘1’. 

: ensures that the wavefunction is 

normalized. 
This functional form of the wavefunction is 
called a Slater Determinant and is the simplest 
form of an orbital wavefunction that satisfies the 
antisymmetric principle. 
(If any two rows of determinant is identical, 
then the determinant vanishes) 
When the Slater determinant is expanded, a total 
of N! terms results. This is because N! different 
permutations of N electrons. 
For example, for the three-electron system the 
determinant is 

X1(1) :��JJ3��� ,JJ6�)�� ,JJ3#�ء وإ?JJ%ا`#�ت *JJ%ل ���JJ و
 ".1"ا�B.ل ���=��ون 

8ّ, +?�د)�ًَ: �� .)��� إن ا�%ا�, ا���!#,

0JJJد  ه%JJJ��ُ ��8JJJ( ,JJJ#!ا��� ,JJJ�3 ��%ا�#��JJJا� "=CJJJا ا�
         �J�ا� ,J#!ار ا�%ا�, ا���%�� Y8�iا "=Cوه� ا� �*H�

��%أ �%م ا����� .ُ)�r 03ّ�وط 

 )�Jدي    ، ا���J%د  �� &3#� ه��ك *>��7 �#�     إذا آ�ن (
 )ا���%د ذ�c إ�� ا���3ء

       �JJJ� ,JJ���/� ،�*H8JJد ا�%JJ��ُ  JJ�ّ�* �JJ� v�JJ�(N! 
 ;�<LJJ�8l ا�JJـ. JJ� cJJوذ� N! ـJJ� ZJJ��\� "(%JJ* N 
إن ا�ُ��%د ���9م ذو `J`H, إ�=��و:�Jت        : ��Xل.إ�=��ون

 :هُ�
 

 

 
 

Expansion of the determinant gives the following 
expression: 

 :)��v �� ا��%اد ا�ُ��%د، ا�(�رة ا�/�), ا����#,
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This expansion contains six terms ( . The 
six possible permutations of three electrons 
are: 123,132,213,231,312,321. Some of these 
permutations involve single exchanges of 
electrons; others involve the exchange of two 
electrons. For example, the permutation 132 
can be generated from the initial permutation 
by exchanging electrons 2 and 3 (If we do so 
we will obtain the wavefunction with a 
changed sign –Ψ).By contrast, the permutation 
312 requires that electrons 1 and 3 are 
exchanged and then electrons 1 and 2 are 
exchanged. (This gives rise to an unchanged 
wavefunction).  
In general an odd permutation involves an 
odd number of electron exchanges and leads 
to a wavefunction with a changed sign; an 
even permutation involves an even number of 
electron exchanges and returns the 
wavefunction  

��JJJ%اد )� M0ا اJJJود    ه%JJJ? ,�JJJ� �JJJ�� ي�JJJ�( . إن
 ,JJJJJJJ`HXت ا��JJJJJJJ:و��=��� ,JJJJJJJ�=8�, ا���JJJJJJJا� "JJJJJJJ(د�ا��

�JJJJي.123,132,213,231,312,321:ه�JJJJ<�* 20JJJJه aJJJJ)� 
 "JJ(د��JJدMت �JJ3�دة ��JJ ا�G=��و:�JJت، �JJ1    ا��* �JJ��

        �JJ� �#JJ�`دل ا�JJ* �JJ�� �JJ�ا� a)JJي ا��JJ<�( �#JJ?
 ,%�JJJ ا��:��JJJ=�(�JJJ�� "LJJJ أن  �HًXJJJ،. ا�G=��و:�JJJت

132   ��J%)" اJ�=�G�ون    �J� ا��%�J, اiو�#     ,J�HJل   * 
إذا ���� ��J�� "LJ��� ،c�0J ا�%ا�J,          (3 وا�G=��ون   2

 ,JJ�H)��� �JJ##B*  JJ� ,JJ#!ا���–Ψ( . lJJ�<�* ،n=)��JJو�
  ,�%J%)"       3 و 1 *J%)" ا�G=��و:�Jت      312ا��* 4J` �J� و

��!#JJ#$ ,JJ�    (2 و1ا�G=��و:�JJت  ,JJدا� l8JJ( �JJ�ه0JJا 
��B#�ة.( 

�JJدل �JJ%د  ��JJ� "=CJJم، *�>�JJي ا�* �JJ�� دة�JJ3ا�� ,JJ�%�
   ,JJ�H� �JJ##B* �JJدي إ��JJ( �JJ���JJ3�د ��JJ ا�G=��و:�JJت 

 ، *�>�ي ا��%�, ا��.دو!, ��� *�Jدل        ;ا�%ا�, ا���!#, 
   ,JJ#!ا��� ,JJا�%ا� %JJ#)(ت و�JJ:و��=�Gا �JJ��JJ%د �JJ.دوج 

�##B* دون. 

 
The Slater determinant can be reduced to a 
shorthand notation. In one system of the 
various notation systems, the terms along the 
diagonal of the matrix are written as a single-
row determinant 

�=�( s#�6* د%���\�.�J,   إ��   H8*�ا�  ,���/� .  �J�
ا��JJ%ود  *JJ�4 آ���JJ,  ،ا��\��JJt  ,JJ3�ق اG��JJ.ال  إ?JJ%ى

��J%د     ا��J<�  ,1�3LJ�ي  ���Jt �Jل   ا���!�دة   ZLJآ
�3�د . 

 

 
 

 
The normalization factor is assumed. It is 
often convenient to indicate the spin of each 
electron in the determinant; this is done by 
writing a bar when the spin part is β (spin 
down); a function without a bar indicates an 
spin (spin up). Thus, the following are all 
commonly used ways to write the Slater 
determinantal wave function for the Be atom 
(which has the electronic configuration 1s2 
2s2 ) 

��JJ=( �JJن $��JJ@ .�ًJJ�وري ا���l#8JJ ا�JJ?iدي "���JJإن  
  �JJرة إ��JJr�� lJJ�����JJ%د؛ ُ�ا�آJJ" إ�=�JJ�ون JJ$  �JJ1.ل 

   �J� cو)�4 ذ�      ,J���7 آJ(�t        ,J3#� ،Jr�Y( أ�J1 �J61ق ا��
  ��%��     �J�.Bن ا�/.ء ا��=(β)    �Jل إ�.J$ i3" اJ�(؛   �J� أ

     �J�.Bء ا�.J/ن ا��=( ��%��α)    �J��iا �Jل إ�.J$ (  ن�J1
  ,3#�J#�! �J�( �J�#1        . أ�JF��1 �61   �%ون r�Y( *=�ن  ا��

 ,JJ���=� ,�%\�8JJق ا���JJ<ا�� �*HJJ� د%JJ�� ,JJا��%ا�!��JJ# ,
 )1s2 2s2 ه� �=��و:�ا�F G*�ز)( ( ا��)�#�مة�0رّ
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An important property of determinants is that 
a multiple of any column can be added to 
another column without altering the value of 
the determinant. This means that the spin 
orbitals are not unique; other linear 
combinations give the same energy. 

إ?JJ%ى ا��3LJJت ا��JJ��ُ�� ,JJ�Fّ%دات ه�JJ أن ُ��آlJJّ أي    
       Jف إ���J(ُ أن �J=�( د����         "(%J��د +�J� �J%ون *�J� �

 ه0JJJا )(��JJJ أن $JJJ.ل ا��JJJ%ارات �#JJJ�#�.   _8JJJ, ا�JJJ��ُّ%د
 ����ا7JJJ#1 ا�\>#JJJ, اi�JJJ�ى أن *(>�JJJ  ، و)�=1�JJJ�JJJ(%ة

�F*ا�>��, ذا. 

 


