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Monté en ponts : 
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Plateau3

4Surcuisson

� � Q��)�!% c A w / �5� � ' � ��%R2,�]'5��2,0E� 9)�,+ �?� � � 9 =\���	% 9 �!%1Q �,+ �*�!%1->% 9 ���&7 6 ��- 6 �*� �:; �)%

� 9 =S� 9 �*� 9 � + %1�)2,%1->% 9 � ; �)%.2 ; �)% + �?�!� -/% + "r� 9 � ��� � % 9 ��� 9 -c�_� 6 � � ��� ; � � =�� +&+ z.��%fkc24� Y � �:+
�)%(��� 9)9 % + =��!� =)� �,6 � 6.+ �)%(- �,+ %y% 9mY � �!-/%�%1���)%y�!% 9 �)%R- 6 0E� 9)�:; �)%Rkf�!%.-/= 6 �*�?�!�)�!% 6 2,%@' 6 %?A
� 9 0.� 9 0.2,� +!� � 9 "52:% + - 6 24� 9 Q�% +�+ � 9 �3� +&+ %1-]�)2 61+ 0.�&� + =)� �:+ 01� � � + % 9�+ %.-J�)2,%�=�� �)� Y � �!-/%.��2,%�= 9 %1�5^
->�?� �:; ��%�A F��>01� �)� + �)% + �(' � %?"G2,%	=�� 2:aC-/z.�&%M�)�/= 9 %.��-c�?� �,; �)% + ��� � ��� 9 %�� 6 Q �*�?�\�?� � � 9 087 � - �:; ��%
¥ � u � 9 %?"\�EV5aC�\�_� � � 9 ¦�%1��� 9 %(� 6 Q �*�?�\�?� � � 9 - 6 0E� 9��,; �)%�A



�����,�����!
 � �'#�� *,%.�5�	� ��
��&# *,��
���� g

�	��
 ��� � !�� '�� +	) ����� ����� '"+,�������
v ���EVCaC�\�?� � � 9l+ %c� 6 �!� �)2:% + � � '?� 9 �J� 9 - 6 0.� 9)�,+ ->%/�*�?� � 0.��24� � �!%f% 9 �*�&� �,+(6 �*��=�% + 0 � � Q �)�!% c A§¡

=�A'g 2 � ��->��� 4E�?Q %�"5=)�!� =)��QG�?� � � 9 %@���!%.�&- �:9 � �,+ � 9 0 c 2}A

PH

PH

POOH

P

P

O2

PH

POO

PO

POO

2P

P

2 POO

PO

P- P

P

POO

POH (H2O)

POO - P

OH

Cisaillement

∆,hν

lent POOH + PPropagation :

Initiation :

Terminaison :

O2 + POH + P=O

(1)
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R1 R2

CH substitué

OH

R1 R2

CH2 substitué

OH

R1 R2

CH substitué

OH

R1 R2

CH2 substitué

ROO ROOH

O

R1 R2

CH2 substitué

O

R1 R2

CH2 substituéROO

ROO

O

R1 R2

CH2 substitué

O

R1 R2

O

tautomérie

radical alkylphénol
réarrangé

mésomérie

hν, ∆

Benzoquinone

Cyclohexadiènonyle

 piégeurs potentiels de radicaux R  mais seule 
la 1,6-addition au méthylquinone peut être 
considérée comme un processus favorisant la 
probabilité d'un "nettoyage" efficace 
des R  avec les anti-oxydants phénoliques

Méthylquinone

Alkylperoxycyclohexadiènone

� � Q �)�!%Ge5A � / �M�?=\��0 � � 6 �)% + =�7 6.9 ��2 + k �,9 �*%1�!087\� 9 Q %.�M2:%.�)� + �!�!�)0@�*�)�&%y% 9j; � �:9 � 9 %�%1�	� 6 0 � =)�&� ; �)%[^
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O
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O

CH3
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OOR
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COCH3
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COCH3

Radical

+ AO
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Anti-oxydant

Anti-oxydant

chaleur

+

Pro-oxydant

Anti-oxydant

.

.
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�?�!� - �:; �)% + �)%J2,� + %.0.� 9 �)%]= 6 � � �C�)%�AS��%1�&�*%]01� 9 012,� +&� � 9 % + �q�\� +&6 % + �)��� 9 %K0.� -/=\���!� �,+ � 9 �)%J01% +
6.9 %.�!Q � % + �E'�%.0(�)% + �)� 9)9)6 % + %@V5= 6 � � ->% 9 �*��2,% + � ���!% 9 �)% + �E' %10(� 9 %(=)� 6 0 �:+!� � 9 �)%�� c ��0.��2pAT->��2 A � A

`2 Y ����� 9 ���!%.� ; ��%q�\� 9�+�+ � 9 �*�!�E'�� � 2\� � � Q �:9 ��2p"�t�%.0��?%���� � 2 �:+ � � � 24� Y � 9 0@� � � 9)9 %12,2,%	��%q24�y01� �!� 6 24�_� � � 9
N�%1�!�)% �M^ ! � 9 Q c � � c =�2,������� ; �)%�@ ! 
Gd/%1��v��yN�A�vs% Y � � � ; �)%J2:% + -��.-/% + 0.�C%��/0 � % 9 � + �)� 9�9 % 9 �
�)% + � 6.+ �)2:�*�?� + 01� �!�&%.01� + �~'�%.0R� �viS6 �&% 9 �*% +	Y � 9 01� � � 9�9 %.2:2,% + $&� + � �:| %y=)7Ga +!�:; �)%.-/% 9 ��� 9 �*%.2s- 6 2,� 9 Q %
=�� �)��2}� 6 087\� 9 Q�% � �q���D�*�!%1%@^ � �C0��X%1�MI � �yA\�C%.2,� 9 t�%.0��?%�" + � Y � 9 0@� � � 9)9 %12,2,%��?�&�*% �,9 ��� 9 %�=)� 6 0 �:+!� � 9
-/�Ha�% 9)9 %K�)%(2}��� �&�)�!%y��%Ver�?0E��2}A�-/� 2 A � A
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Restricted Hartree-Fock

� � Q �)�!%=d�A c / N��&� | 2 6.9 %1�!Q 6 � �:; ��%��)% � �,+&+ �C0 � �_� � � 9 �)% 24�3->��2 6 01�)2,%����T7GaC�)�!� Q�z 9 %?" 0.� ���!��% �q�?�&�*�&%.%[^
� �50�� %1�30.���)�!��%(%@V5= 6 � � ->% 9 �*��2,%

F �*�����*%j� �,+ �*� 9 01%�" 2,�<- 6 �*7��5�)% �q���D�*�!%1%@^ � �C0�� Y � �)� 9�� �K� 9 % 6.9 %.�!Q � % ; � � % + � + �)= 6 � � %.�)�&%mk
24�]'?��2:%.�)�3%@V5= 6 � � -/% 9 �8��2:%�Ar� 9 % i %@�E"r24�f01� �!� 6 24�_� � � 9 % 9 �*�&%J2,% + ->� �5' %.-/% 9 � + �)% + �)%1�5V 6 2:%.0@�*�!� 9)+
9 �T% + �]=\� + =)� �,+ %>% 9 0.��->=��!%X=\���R24�{- 6 �*7)�C�)%\�q�?�&�*�&%.%[^ � �50��rAxF 2,� 9 Q��)%X� �,+ �8� 9 01%�"s2,�d- 6 �!7)�5��%
�3% + �!� � 01�*%1� �����&�!�!%.%[^ � �C0��f�)� 9)9 %�� 9 =�� � � + �*�!��= � -/=�� �&�*� 9 �����5V Y � �&->% +�� � 9)�:; ��% + "O2}� 619 %.�&Q � %3% + �
�*�&z +y+ �)= 6 � � %.�)�&%Xkj24�>'?��2:%.�)��%@V5= 6 � � ->% 9 �*��2,% 0 w ¢32pA#� 9 % i %@�E"#2}� 619 %.�&Q � %J� 6 =��)2 +&� ' %J0.� �)2:� -]� � % 9)9 %
% 9 �!�!%/�)%.�5V 6 2,%.0@�*�&� 9)+R+ ���H$&� ���!%ckm2p� 6.9 %1�!Q � %X�)%>01� �!� 6 2,�?� � � 9 A � 9B9 %>=�%.�5�J�)� 9 0X=\� +R6 �*��� � %1�K2,�
�!��=��*�)�&%f7)� -/� 2:aO� �,; �)%R����� 9 %f2 � � �,+ � 9 01�~'��?2,% 9 �!% ¥ � ->=)2 �,; � 6 %K�\� 9)+ � 9Z6 �*�?�y�)%K�*�*� 9)+!� � � � 9 ¦��E'�%.0
24�{- 6 �!7)�5��%>�3% + �*� � 01�!%.�Z�q���D�*�!%1%@^ � �C0��rA � 9 0E��2:0.�)2 �q� �m�0�m�����m=�� + ���q�?�&�*�&%.%[^ � �50��W�!%.2 ; �)%>2p� �,9 ^
�*%1�*��0@� � � 9 �)%(0.� 9�| Q �)�*�_� � � 9 ¥ 0.� 9)+!� � 6 �!�?� � � 9 �)%(24� Y � 9 0@� � � 9 ���T� 9 �)%R%@V���0@�*%�¦M� 6 �)� � �32,%y=�� � � + �)%
24� Y ���!-/% � � 9��,; �)%{���i=)�&� | �X�)%{2,� Y � �!-/%j01�H'?��2:% 9 �*%?" 2p� 6.9 %.�!Q � %{�)%{01� �!� 6 24�_� � � 9 % + �E"����i-/� �,9)+
=\���D� � %.2,2:%.-/% 9 �E"x=)� �,+ %{% 9 0.� -/=��!%�A vx�W- 6 �*7��5�)%��q���m�0�m�����W=�� + �\�����&�!�!%1%@^ � �C0��l� � 2,2:%.�D^`N 2,% +&+ %@�
�*�!� � �!%�2,% + % i %1� + �)%(01� �!� 6 24�_� � � 9 =\���	=�%.�&�!�)�!�)�?� � � 9 A

� 9 �!%1'?� 9 087)%�"�24�<- 6 �!7)�C�)%jI � � =��!% 9 �l% 9 01� ->=5�*%c2}� 619 %.�&Q � %/�)%j01� �!� 6 2,�?� � � 9 "s2,% + '?��2:%.�)� +
0E�?2,0.��2 6 % + %1��2,% + '��?2,%.��� + %@V5= 6 � � -/% 9 �8��2:% +	+ � 9 ���!�!z + =)�&�5087�% + A
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vs% + 6.; �\�_� � � 9)+ �)% �q�?�&�*�&%.%[^ � �50�� � �/' � � ' �(' � 6@|\9)�,+&+ % 9 ��� 9 % 9)+ %1-]�)2,%��)% Y � 9 0@� � � 9)+ =\���&- �

2,% +!; �)%12,2,% + + %	�*�&� ��'�% 9 ����% +�+ = �:9 � �&� � �*��2,% + =S%1�!-/%1�&�8� 9 ���)%30.� 9)+ �!�!� � �!%	� 9 � 6 �!%.�&- �:9 � 9 � �)%��52,�?�*%1�
; � � ��=)=��!�C087)%�2:%	- � %.�5V]24� Y � 9 01� � � 9 ���T� 9 �)%3-]�)2 � �:6 2,%101�!�!� 9)�:; �)%��)� + a + �*z.-/%�0.� �&�!% + =S� 9 �\� 9 �EAC� 9
�*�����*%�� � Q �)%1�)�."~01% + 6.; �\�?� � � 9)+x9 %�=�%.�!-/%1�&�*% 9 ��=\� + 2:%�0.��2,01�)2G�)%�0.% + � �&� � �*��2,% + =)� �:+!; �)%�2p�T� = 6 �*�_�*%.���
� 01� 9 � � % 9 �(2,% + ��= 6 �*�?�!%.�)� + � %1� � ; � � "�=S���)� �1�!�!%X� 61|)9)�,+ " + �)=)=�� + % 9 � ; �)%X2}��� 9 01� 9)9 � �:+!+ % 9 �
2,% +{+ � 2:��� � � 9)+ ��%Z0.% +m61; �)�?� � � 9)+ A3Iq� 9)+ 24� =��*�?� �,; �)%�"�� 9 + � �D�m�)%U0.%Z0.%1�!012,%Z' � 0 � %.�5Vn=\���{�)% +
��=)=��!�EV � ->�?� � � 9)+f+ ��0.0.% +!+&� ' % + � ��"�kL=\���&� � �f�)% +>Y � 9 01� � � 9)+ 0E�?2,0.��2 6 % + kU24� � ������$� � � 6 �*�?� � � 9 "P� 9
� 6@|\9)� �(� 9 � = 6 �!�?�*%1�)� � =�%.�&->%@�!�8� 9 �(��%/0.��2,01�)2,%1�y� 9U9 � ��'�%.2�% 9�+ %.-J�)2,%X�)% Y � 9 0@� � � 9)+ =)�&� =)�!% +
0.���!�!% + =�� 9 �\� 9 ��ky24� � & ( ������$� � � 6 �!�?� � � 9 AG��%10 � % + ��� 6 �?2 �,+&6 $&� +!; ����kK01% ; ��%�2:% + a + �!z.-/%q� � ���?�&�*% �:9 �
+ �X0.��7 6 �&% 9 01% �:9 �!%.� 9 %o¥ 087\��-/=d�����!�?^`01� 7 6 �&% 9 � � � 61+ � 2:��� � � 9{� � 6 �*�_� � '�%�¦[A
@�� � 0 � 2,% + 087 6 ->�B��� =)� �,9 0 � =�%{�)� 087\�?->=h�����!�?^`01� 7 6 �&% 9 � 0 � � Q �)�&% d�AfeZ=�Ax¢ c 2 ; � � =�%.�&->%@�/�)%
� 61+ � ���)�!%R2,% +	6.; �\�?� � � 9)+ �)%R�3�5�?�*7\� � 9 0 � � 2 0T0?� 2 = 0T0?� 2 0T%�2 0�� ; �\�?� � � 9 d�A c�w =�A+d$¢ 2 �

Données: - positions des atomes 
                - base des orbitales atomiques (..ϕµ..)

Calcul  : intégrales de recouvrement [S]   puis  [S]-1/2

                     intégrales hamiltonien de coeur[Hc]

              intégrales bi-électroniques < µν | λσ >

Calcul des éléments de la matrice de Fock [F]

[F' ]

[F' ][c' ]=[c' ][e]

[c]=[S]-1/2[c' ]

test [c]

Fonction d'essai 
     [.......cµ......]

diagonalisation

orthogonalisation

si test vérifié
convergence

résolution
 itérative

si test non vérifié

� � Q �)�!%Vd�Ahe / N � �,9 0 � =�%J���Z087\��-/=Z�����!�?^`01� 7 6 �&% 9 �R��=)=�2 �,; � 6 kc24�>� 6.+ � 2,�5� � � 9 �)% +y6.; �\�?� � � 9)+ �)%
�3�5���!7\� � 9
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Iq%.�CV - 6 �!7)�C�)% + � ������0.0 6 2 6 �*�_� � � 9 �)%L24� 01� 9 ' %.�&Q % 9 0.% � �)� 087\�?->= �����*�_^`0.��7 6 �&% 9 � + � 9 �
=)�&� =S� +!6 % + �\� 9)+ 2:%W2,� Q � 0 � %.2�wyF ���)�5
`Fq
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%@V50 � �8�_� � � 9 ��
�->�C� � |\6 0§g c 2}A � 9 ��� � % 9 ��� 9 % 61; �\�?� � � 9 �)%��`a5=�%y
�% �	�*� 9 ^�����=)7 + � 9 � Y �&% �,9�6 %�=\�?�
� 9 =\���!��->z@�*�&%y�)%(087\� 9 Q %1->% 9 ����% 9�� ' %.��� 7 � �

;+� 7 � � � 7 &�� &�� � A � � ¥�d5Ahd$¢q¦
� �d0 � ' %.0@�*%1�)�q01�5% �>0 � % 9 ���)%(01� �!�&%.01� � � 9 ���CV + = �:9 � �&� � �*��2,% + ->��2 6 01�)24� � �!% +7 &��,&�� � -c�_�*� � 0.%���% + � 6 � � ' 6 % +�+ %10.� 9 ��% + � � 7)% +&+!� % 9 �

Y=� ' %.0@�*%1�)����% + � 6 � � ' 6 % + =)�!%1- � z.�&% + "5' %.0@�*%1�)�q01� 2,� 9�9 %y�)%(24�]->�?�*� � 01%��)%Rt�� � 2,2:� � �,9
vs%]0E�?2,0.��2�01�����*%1�5V��)%]24�X�*�!� 9)+&Y ���!->�?� � � 9<+ �)� ; �\�?�!�!% �,9 � � 0.% + � 6 � 6 �&%.-/=)24��0 6 =\�?�q� 9 %J=)�!�C0 6 ^
�)�)�&%y�)%�� � ��Q � 9 ��2 �:+ �?� � � 9X� � 6 �!�?� � ' %q��%R��
�� � �!%101�.A\��%1�&�*% + � 2,��� � � 9>� � 6 �*�_� � '�%q% + �3% i %.0@�*� 6 %(=\���M2,�
- 6 �*7��5�)%y��%('?��� � �?� � � 9 ^`=�%.�&�!�)�!�)�?� � � 9 A
I�� 9�+ 2,%y2,��Q � 0 � %.2}"G2,� �:9 �)%(2,�J0.� 9 '�%.�!Q�% 9 01%K�)�m087\�?->=d�����!�?^`01� 7 6 �!% 9 �.")� 9 ��� � 2 �:+ %�24�]- 6 �*7��5�)%q�)%
- �,9)� - �:+ �?� � � 9 �O�*%.%1=S% + �D^�Iq% + 0.% 9 �>=�� �)�R2,% + =��!%.- � z1�!% +J� � 6 �!�?� � � 9)+ %1�]
�% �	�!� 9 ^`����=�7 + � 9 ; �)� 9 �
� 9{+ %R�!��=)=)�&�5087�%y�)%y24�]01� 9 ' %.�&Q % 9 0.%�AS��%@�!�*%y- 6 �!7)�C�)%y% + �3=)2,� + | ���)2:%�%1�3=)2:� + 2,% 9 �*% ; �)%(24�K- 6 ^
�*7��5�)%�24��- 6 �!7)�C�)%	Iq
&
D�S" �:9 '�%.� +!� � 9 � � �&%.01�!%M�\� 9�+ 2p�T% + =\��0.% � � 6 �*�?� �:Y 0§g e 2pA ��%1�!�!%	�)%.� 9)� z1�!%M01� 9)+&�,+ �!%
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a>J��^_Y`?`XNARUTY]^\1vfLY\1]^\wWZRMP��^d6RM] NZ\6WXN�� R��zWZ\d& JMWZa>cb[nRMW"] R POc6]^JmdtRU]��^`ZRUN��zJ�_D\I_�[�J�`
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[ �zp�LYWZ\ �rq BJ� �mlm`~N}{6a>\2WZcI\6] _mLOaecIWZJMNZc � ��T@T (PL [VJM`��zN��^J�_ > Me\I_ �^_oN}\IW}RMd4N��zJ�_ R7=�\Id2]^\sW}RMP��zdtRM]
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| \6`:p�cIJ�aec4N}W
�^\6`9PYL�WZc6RMdIN��O&"\IN PY\%]8) cIN}RUN PY\ NZW}RM_O`��zN��^J�_b$/]^R d6JmJ�WXPYJ�_Y_YcI\ PY\%WXctRMd4N��^JM_ \IN�]^R
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�zN��zJ�_ > M !�NZW��
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[nRMW �^_oN}\IW}RMd4N��zJ�_ `XNZc6W
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\KRMTY]^\6RMLZ�rq�� � �F�rLOW2& RMdI\eP3)��^`XJUg,PO\6_Y`
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�^`XJ�[YWZ{I_Y\w[�\6WZJtjmlm]^c
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[ �zp�LYWZ\ �rqG>IAe���flr`~N}{Iae\eWZc6\I] _mLOaecIWZJMNZc � �ETKT ( L [VJ�`
�zN��^J�_ > Mb\6_ �^_oN}\IW}RMd4N��^JM_ R7=M\6dD]z\�W}RMP��zdtRM]
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T RMW WZRM[Y[�J�WXN RML�`~lr`~N}{Iae\ �ETKT ( ��[�J�`
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�^`ZJM[YWZ{I_Y\H[V\IWZJtjmlm]^c93 \KRMTY]z\tRML [?q Hw[�q > �  �58$
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`�) \�WV\6d4N}LY\�[YW��z_Yd �z[nRM]z\6a>\6_oN7$ dIJ�a>ae\%[�J�LYW�]^\%NZW����z`ZJ�[OWZ{6_O\ 3 \KRMTY]^\6RML [?qRB [�q�> �  �58$$`XLYW>]^\�dIlmd6]z\
RMWXJ�aDRuN��^vfLY\�`��zNZLYc1\6_oN}WX\1]^\6`HPO\6Lrj�R ) JMN}\I`-L p�WXJ�LY[�\6a>\6_oNQ[ %Yc6_olm]^\2�EM7q
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\K\IWZa>\1c6_Y\IWZp�c4N��^vfLY\1\I_D%nRUWXN}WX\6\ L 6UdtRM] qxa>J�] 0 � M WXctRMd4N��G& \
�
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\KRMTY]^\6RML �rq���H
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(�\6_O`��zNZc1PY\1`Z[��z_�WXctRMd4N��O& (�\6_O`��zNZc9PO\�`X[��^_N\
�

\KRMTY]^\6RMLZ�rq���BQ�F�rLOW2& RMdI\eP3)��^`XJUg,PO\6_Y`
�zN}c:PO\>`X[��^_ L WXctRMd4N��G&!$3\
� MbPY\>] R [YWX\6a �^{6WX\�WZctRUdIN��zJ�_ `ZLYW1]z\
`Xlm`~N}{6a>\ �ETKT (�L [�J�`
�zN��zJ�_ � M ! N}W��
�^`XJ�[YWZ{I_Y\w[�\6WZJtjmlm]^c
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SU=M\6d:LY_O\ [Y]^LO`�p�WZRM_YPY\9`XNARUT��^]
�^`}RuN��^JM_sPOL \
� [nRMW PYc6]zJrd6RM]��z`}RUN��^J�_�c6]z\6d4N}WZJM_��^vfLY\9\INbLO_Y\ p"7I_Y\
`XNZc6W
�^vfLY\wa>J��^_Y` �^a>[VJMWXNARU_fNZ\ [�J�LYW?] R�[�J�`��hN��zJ�_ �;$r] R�TYRMWZW
�^{6WX\bP3)xRMdIN��O=URUN��^J�_e\6`XN"POJ�_Ydb[Y]zLY`C& R��zTY]^\
[�J�LYW ] Rb[�J�`��hN��zJ�_.�1`XJ��zN?+ � -/  > �rqS�46Md6RM] q aeJM] 0 � 3 \KRMTY]z\tRML �rq! EAw[�qa>IA"�65 RM]zJ�WZ`$vfL3) \6]z]^\H\6`~N?PO\ +
�.-/  > BOqR� 6Md6RM] q a>J�]�0 � [VJMLYW ]^Re[�J�`��hN��zJ�_J> 3 \KRMTY]z\tRML �rq��E�>[�q BEB�5 q�(bRM_Y` ]^\�dtRM` PYL NZW����z`ZJ�[OWZ{6_O\
[�\6WZJtjmlm]^c�$n] R:[VJM`��zN��^J�_D[YWZc�& c6WZ\I_oN��^\I]^]z\wP3)SRUWZW}RUd�%nRMp�\1PY\�?��r\I`XN ] R [�J�`��hN��^JM_ �rq

\K\IWZa>\1c6_Y\IWZp�c4N��^vfLY\1\I_D%nRUWXN}WX\6\ L 6UdtRM] qxa>J�] 0 � M WXctRMd4N��G& \
�
���	<+��� g!Bo� � q � � ���_�"� g1Bo� � q � ��A� " ��

�?J�WXWZ\IdIN��zJ�_Y`HN�%O\6WZa �^vfLY\I`�0 � AOq � � A.�"�E� Arq ��� � H">*�
�  g!Bo���mqRBEA"�%���"� g1Bo���rq HEB" �"�( 

L,+ �.-/  M L �rqS� M
\KRMTY]^\6RML �rq! EA
�/�$_Y\6WXp��^\HPb)SRMd4N��G=MRuN��^JM_ PY\H] R [YWZ\Ia �z{6WZ\?WZctRUdIN��zJ�_:`ZLOW$]^\'`~lr`~N}{Iae\ �ETKT (�L [�J�`��hN��^JM_
� M ! NZW��
�^`ZJM[YWZ{I_Y\b[�\6WZJtjmlm]^c

fCg��
g � ' y@p!uvw ldp!n��V�F� � � �-y ��x j;x+yKz A r �Knvw~p!n � ubj�� ��p ��w �'wbp!y��dn�� 
vz	n
�/n3s"y �	�'p+u

N9

H

C3 N2

H1

molécule 6PPD

O46

O45

C47

position  1

phényle 1 phényle 2
chaîne alkyle

position  2

UB3LYP/6-31g(d,p)

UB3LYP/3-21g*

UFF

[ �zp�LYWZ\ �rqG>:� ���flr`~N}{Iae\eWZc6\I] _mLOaecIWZJMNZc � �ETKT ( L [VJ�`
�zN��^J�_ � Mb\6_ �^_oN}\IW}RMd4N��^JM_ R7=M\6dD]z\�W}RMP��zdtRM]
a>cIN�%olm]hgidIlmd6]zJE%Y\7jO{I_Y\1[V\IWZJtjmlm]^c�\6_s[VJ�`
�zN��^J�_  
| \6`:p�cIJ�aec4N}W
�^\6`9PYL�WZc6RMdIN��O&"\IN PY\%]8) cIN}RUN PY\ NZW}RM_O`��zN��^J�_b$/]^R d6JmJ�WXPYJ�_Y_YcI\ PY\%WXctRMd4N��^JM_ \IN�]^R

& WZcIvfLY\6_YdI\ �^aeRMp��^_YR��^WX\HPY\w]8) cIN}RUN'PY\bNZW}RM_O`��zN��^J�_b$m]z\6`'P	�OWVc6WZ\I_oN}`'N}\IWZa>\6`'cI_Y\6WXp�cIN��^vfLY\I`d���
<+��� \4N
]^\I`HPY\6_O`��zNZc6` RUN}JMa �zvmLO\6`HPY\1`Z[	�^_�`ZJ�_oNQ[YWXc6`Z\I_oN}c6` \6_�S�_Y_O\4jr\c[?q � [�q3> � � q

T RMW WZRM[Y[�J�WXN RML1`Xlm`XNZ{6a>\ ��T@T ( �6[�J�`��hN��zJ�_c> !�a>cIN�%olr]yg,d4lrdI]^JE%O\4jr{6_Y\ [�\6WXJkjmlm]^c 3 \KRMTY]^\6RMLY[?qG>E>
[�q�> � �(5*$u]^\ `Xlm`XNZ{6a>\ �ETKT (o�u[�J�`��hN��^JM_�� !�a>cIN�%flm]yg,dIlmdI]^JE%Y\7jr{6_Y\'[�\6WXJtjrlm]zc 3 \KRMTY]z\tRML/[?qG> � [�q�> � � 5
\6`~NQ`XNARUT��^]
�^`Zc [nRMW �z_fNZ\6WZRMdIN��^J�_%`~N}c6W
�^vfLY\1PY\bg!Arq �/6UdtRM] qxa>J�] 0 � L [nRMW~N��z\ �d[9[VM7q (�\1a.76a>\�$r]8) c6_Y\IWZp��z\
P3)xRMWZWZRMd�%nRMpM\ PY\ ? � \I`XN��zaecI\�[YRMW &  �|_^ T \I`XN�RUTnR��^`X`ZcI\ PY\�g)�Yq#�Z6UdtRM] qxa>J�] 0 � \6_ W}R��z`ZJ�_ P3)xLO_Y\
`XN}RMT��z]��^`ZRUN��zJ�_:[nRMW PYcI]^JmdtRM]
�^`}RuN��^JM_:c6]^\IdINZWZJ�_��zvfLY\ [O]^LY` �^a>[VJMWXNARU_fNZ\HPY\Qg �rq A�6UdtRM] qxa>J�]�0 � L d6RM]^dILY] �EM4q
� ]^J�TnRU]^\6a>\6_oN�$r]*)xcIdtRMW~N"c6_Y\IWZp�c4N��^vfLY\/���	<+��� L \
�fgiWZctRUdIN��G&�M \6`XN �^_;& c6W��z\6LYW?PY\bg~�rq AP6MdtRU] q aeJ�] 0 � q

T RMW/W}RU[Y[VJMWXN(RML9`~lm`XN}{Iae\ �ETKT (q� [VJ�`
�zN��^J�_2� ! N}W��
�^`XJ�[YWZ{I_Y\ [V\IWZJtjmlm]^c 3 \KRMTY]z\tRML/[?qO>�� [�q_> � �658$
]^\>`Xlm`~N}{6a>\ �ETKT ( �/[VJM`��zN��^J�_ � ! a>cIN�%olr]yg,d4lrdI]^JE%O\4jr{6_Y\e[V\IWZJtjmlm]^c 3 \KRMTY]^\6RML [ qO> ��[�q@> � � 5 \6`~N
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`XN}RMT��z]��^`Xc�[YRMW �^_oNZ\6W}RUdIN��zJ�_�`~N}c6W
�^vfLY\ PO\ g  Oq#� 6Md6RM] q a>J�] 0 � L [nRMW~N��z\ �d[][VM4q (�\2a.76a>\�$ ]8) c6_Y\IWZp��z\
P3)xRMWZWZRMd�%nRMpM\ PY\ ?�� \I`XN��zaecI\�[YRMW &  �|_^ T \I`XN�RUTnR��^`X`ZcI\ PY\�g�>�q#�Z6UdtRM] qxa>J�] 0 � \6_ W}R��z`ZJ�_ P3)xLO_Y\
`XN}RMT��z]��^`ZRUN��zJ�_:[nRMW PYcI]^JmdtRM]
�^`}RuN��^JM_:c6]^\IdINZWZJ�_��zvfLY\ [O]^LY` �^a>[VJMWXNARU_fNZ\HPY\Qg1AOqR�Y6UdtRM] qxa>J�] 0 � L d6RM]^dILY] �EM4q
� ]^J�TnRU]^\6a>\6_oN�$r]*)xcIdtRMW~N"c6_Y\IWZp�c4N��^vfLY\/���	<+��� L \
�fgiWZctRUdIN��G&�M \6`XN �^_;& c6W��z\6LYW?PY\bg)�Yq HP6MdtRU] q aeJ�] 0 � q

(bRM_Y`s]^\2`~lm`XN}{Iae\ �ETKT ( �H[�J�`��hN��zJ�_ � ! aec4N�%olm]hgidIlmd6]zJE%Y\4jr{I_Y\ [V\IWZJtjmlr]zc 3 \KRMTY]^\6RML [?qG> �
[�q4> � � 5*$?J�_ J�TrN��^\I_oN�LY_ & R��^TY]z\ cIdtRMW~N�c6_Y\IWZp�c4N��^vfLY\����
<+��� L \
�fg,WXctRMd4N��O&�MePY\2`X\6LY]z\6a>\6_oN �rq H
6Md6RM] q a>J�]�0 � q � R��z`w\6_ W}R��z`ZJ�_ PY\I`9dIJ�WZWX\6dIN��^J�_O`bN�%Y\IWZa �^vfLY\6`�$ ] R TnRUWZW��z{6WX\:P3)SRUdIN��G=URUN��zJ�_2\6`~N9PO\�+
�.-/  > �rq#�d6Md6RM] q a>J�]�0 � 3 \KRMTY]z\tRMLP�rq� ;>?[�q_>IA" 65 q��$_ \�WV\IN�$U\I_ p�c6_Oc6W}RU]8$ ]^\I`(d6JMWZWZ\IdIN��^J�_Y`;N�%O\6WZa �^vfLY\I`
PYL%WXctRMd4N��O&�`ZJ�_oN"`ZLO[VcIW��^\ILYWZ\I`'PY\ �  /6Md6RM] q a>J�] 0 � 0�d6\I]^]^\I`'PY\b]*)xc4NARUN PY\�NZW}RM_O`��zN��^J�_ q;(�RM_Y`'dI\bdtRM` g
]�0;$O\6]z]^\I`H`ZJ�_oNQ[YW}RuN��^vfLY\Iae\I_oN �zPY\6_oN��^vfLY\6`93 \(RUTY]^\6RMLD�rq� ;>�[ qv>IA" �5 q

\K\IWZa>\1c6_Y\IWZp�c4N��^vfLY\1\I_D%nRUWXN}WX\6\ L 6UdtRM] qxa>J�] 0 � M WXctRMd4N��G& \
�
���	<+��� g!Bo� � q � �M� �  o� g1Bo� � q � �;> �( EH

�?J�WXWZ\IdIN��zJ�_Y`HN�%O\6WZa �^vfLY\I`�0 � AOq ��A" �  " Arq ��A"�cBEH">
�  g!Bo� � qO> �(�cAEA�� g1Bo� � qG> � H����E�

L,+ �.-/  M L �rq#� M
\KRMTY]^\6RML �rq! "> �/�$_Y\6WXp��^\HPb)SRMd4N��G=MRuN��^JM_ PY\H] R [YWZ\Ia �z{6WZ\?WZctRUdIN��zJ�_:`ZLOW$]^\'`~lr`~N}{Iae\ �ETKT (�L [�J�`��hN��^JM_
� M !�a>cIN�%olr]yg,d4lrdI]^JE%O\4jr{6_Y\1[�\6WXJkjmlm]^c

(bRM_Y`Q]^\1d6RM` POL�a>cIN�%flm]yg,dIlmdI]^JE%Y\7jr{6_Y\�$V]^R�[�J�`
�zN��zJ�_ �:PYL ��T@T ( � + � -/  8> �rq#� 6UdtRM] qxa>J�] 0 �
3 \(RMTO]^\tRULo�rq! "> [�q�>IA( �51\6`~N [Y]zLY`k& R7=�J�WZRMTY]^\2vfLY\ ] R [�J�`��hN��zJ�_ > � + � -/  > �YqG>Z6UdtRM] qxa>J�] 0 �
3 \(RMTO]^\tRULJ�rq���HD[�q >IAEA�5 qb(�RM_Y`b]z\�dtRU`bPYL N}W
���z`ZJ�[YWX{6_Y\�$V]^Re[�J�`��hN��zJ�_ �e\I`XNwcIpoRM]z\6a>\6_oNb]^Re[�J�`��hN��^JM_
[YWXc�& c6WX\6_oN��z\6]z]^\baeR��^` ]^\I`'\6_oN�%YRM]^[��z\6`']
�^TYWX\6`'Pb)SRMd4N��G=MRuN��^JM_Y`?`XJ�_oN"`ZLY[�c6W
�^\6LOWZ\6`-L [VJ�`
�zN��^J�_ �e� + � -/  > �rqS�Y6UdtRM] qxa>J�] 0 � 3 \KRMTY]^\6RMLe�rq� �A�[�q`>IA"�658$o[�J�`
�zN��zJ�_N>/�$+ � -/  > Brq �Y6MdtRU] q aeJ�] 0 � 3 \KRMTY]z\tRMLe�rq��E�
[�q`BEB65 M7q
fCg��
g f ' y@p!uvw ldp!n � �F� � r��Knvwqp!n~j�s x!x �;y��	s 
vzdn �-n3s y��	��p!u

N2

H1

N15

H

C39

O38
O37

phényle 1 phényle 2 phényle 3

UB3LYP/6-31g(d,p)

UB3LYP/3-21g*

UFF

[ �zp�LYWZ\Q�rqG>� N���mlm`~N}{6a>\%WZcI\6] _mLOaecIWZJMNZc �9( TKT ( \6_ �^_oNZ\6W}RUdIN��zJ�_ R7=M\6d%]^\eW}RMP	�^dtRU] NZW����z`ZJ�[OWZ{6_O\
[�\6WZJtjmlm]^c1\6_s[�J�`��hN��^JM_  
| \6`:p�cIJ�aec4N}W
�^\6`9PYL�WZc6RMdIN��O&"\IN PY\%]8) cIN}RUN PY\ NZW}RM_O`��zN��^J�_b$/]^R d6JmJ�WXPYJ�_Y_YcI\ PY\%WXctRMd4N��^JM_ \IN�]^R

& WZcIvfLY\6_YdI\ �^aeRMp��^_YR��^WX\HPY\w]8) cIN}RUN'PY\bNZW}RM_O`��zN��^J�_b$m]z\6`'P	�OWVc6WZ\I_oN}`'N}\IWZa>\6`'cI_Y\6WXp�cIN��^vfLY\I`d���
<+��� \4N
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]^\I`HPY\6_O`��zNZc6` RUN}JMa �zvmLO\6`HPY\1`Z[	�^_�`ZJ�_oNQ[YWXc6`Z\I_oN}c6` \6_�S�_Y_O\4jr\c[?qR� [�q3> � �rq
�$_2d6J�_Y`
�^PYcIW}RM_oN�LY_��^vfLY\Iae\I_oNb]^\1N}W
���z`ZJ�[YWX{6_Y\9[V\IWZJtjmlm]^c�$�] R>`XN}RMT��^]
�^`ZRUN��zJ�_%[nRMW PYc6]zJrd6RM]��z`}RUN��^J�_

[�J�LYW']^R/( TKT ( PO\�AOq! c6MdtRU] q aeJ�] 0 � L�3 \KRMTY]z\tRMLN[?q���A�[ qb> � �:58$rdtRM]zd6LY] �EM \I`XNH[Y]zLY`C& R��zTY]^\QvfLY\wd6\I]^]z\
PY\I`waeJ�]zc6dILY]^\I`b[YWZcId6cIPY\6_oN}\I`QL aeJM]^c6dILY]^\9[ %YcI_YJtjYR ) �^_O\k�Vg � qG>c6UdtRM] qxa>J�] 0 � 3 \KRMTY]z\tRML��rq���A [�q3Bo�65 	
a>J�]^cId6LY]z\ �ETKT ( [VJ�`
�zN��^J�_3>1g�>�q#�Q6UdtRM] qxa>J�] 0 � 3 \KRMTY]z\tRMLJ[ qRH [�q > �  �5 	 a>J�]^cId6LY]z\ ��T@T ( [�J�`��hN��^JM_
�>g)�Oq � 6UdtRM] qxa>J�] 0 � 3 \(RMTO]^\tRULJ[?qO>�� [�q]> � �65�M4q �?\INZNZ\c& R��^TO]^\�`XNARUT��^]
�^`}RuN��^JM_�\I`XNwWX\6`Z[�J�_Y`ZRMTY]z\:P3)xLO_Y\
c6_O\6WZp��^\ P3)xRMWZWZRMd�%nRMp�\ cI]^\�=Mc6\ PY\�? � L c�=MRU]^LYcI\2[nRMW�] R [nRMW~N��z\ &' �|_^ T M ��HOq!� 6Md6RM] q a>J�]�0 � 3 \(R g
TY]z\tRML�[?q���A:[�qv> � �:5 q
�$_%WZ\�=MRU_Yd�%Y\�$r]8)��^_oN}\IW}RMd4N��zJ�_e`~N}cIW��^vfLY\�\6`XN?N}WZ{I` & R7=�JMW}RMTY]z\Mq;�$_%\�WV\IN7$m]8) cIN}RUN PY\�N}WZRM_Y`
�zN��zJ�_>\6`XN'`XNAR g
T��z]��^`Xc�PY\>g �rqRAN6Md6RM] q a>J�] 0 � [nRMW�W}RM[O[VJ�W~N RUL�WZc6RMdIN��O&�L�3 \KRMTY]z\tRML�[?q���A�[�qK> � �658$;[nRUWXN��z\ �	[9[VM�$/dI\
vfL���_3)x\I`XN [nRM` ]^\"dtRM` [�J�LYW ]^\6` a>J�]^cId6LY]z\6` [YWXc6d6cIPY\6_oNZ\6`�L a>J�]zc6d6LO]^\H[ %YcI_YJtjOR ) �z_Y\/�  OqG>	6UdtRM] qxa>J�] 0 �3 \(RMTO]^\tRUL �rq���A [ qCBo�:5 	 aeJM]^c6dILY]^\ �ETKT ( [�J�`��hN��zJ�_3>��?�mq �J6MdtRU] q aeJ�] 0 � 3 \KRMTY]^\6RML�[ qRH [�q	> �  �5 	
a>J�]^cId6LY]z\ �ETKT ( [�J�`��hN��zJ�_ �Q�@�rq � 6UdtRM] qxa>J�] 0 � 3 \KRMTY]^\6RML�[?qG>*��[�qv> � �65�M4q
| \6`�`XLYW2& RUd6\6`�P3)��^`XJUg,PY\I_Y`��hN}c>RUNZJ�a �zvfLY\�PY\e`X[��^_ a>J�_oN}WZ\I_oN�vfLY\>] R�PYc6]zJrd6RM]��z`}RUN��^J�_ `�) \�WV\6dINZLY\

`ZLOWXN}JMLON7$�d6J�a>a>\�[�J�LYWQ]^\I`�RULON}WX\6`QaeJ�]zc6dILY]^\I`QPOL N,lm[V\9P��^[ %Oc6_olm]hg,P	� RMa �^_Y\�$Y`ZLOW ]z\9d4lrdI]^\�RMWZJ�aeRug
N��zvfLY\1`��zNZLYcw\6_oNZWZ\�]^\6`HPO\6Lrj�R ) JMN}\I`93 \KRMTY]z\tRML�[?q��;>1[�qv> � �:5 q

(�\6_O`��zNZc1PY\1`Z[��z_�WXctRMd4N��O& (�\6_O`��zNZc9PO\�`X[��^_N\
�

\KRMTY]^\6RMLZ�rq! ��e�F�rLOW2& RMdI\eP3)��^`XJUg,PO\6_Y`
�zN}c:PO\>`X[��^_ L WXctRMd4N��G&!$3\
� MbPY\>] R [YWX\6a �^{6WX\�WZctRUdIN��zJ�_ `ZLYW1]z\
`Xlm`~N}{6a>\-( TKT ( !�NZW����z`ZJ�[OWZ{6_O\w[V\IWZJtjmlr]zc

�b_ J�TON��^\I_fNQLY_O\�\6_oN�%nRM]^[	�^\1]��zTYWZ\wP3)xRMd4N��O=URUN��^J�_�PY\2+ �.-/  >  Oq � 6MdtRU] q aeJ�] 0 � 3 \KRMTY]z\tRML �rq! " 
[�qv>IA��(5 q

\K\IWZa>\1c6_Y\IWZp�c4N��^vfLY\1\I_D%nRUWXN}WX\6\ L 6UdtRM] qxa>J�] 0 � M WXctRMd4N��G& \
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�^`ZJM[YWZ{I_Y\b[�\6WZJtjmlm]^c1\6_�[VJM`��zN��^J�_  
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�^\6`9PYL�WZc6RMdIN��O&"\IN PY\%]8) cIN}RUN PY\ NZW}RM_O`��zN��^J�_b$/]^R d6JmJ�WXPYJ�_Y_YcI\ PY\%WXctRMd4N��^JM_ \IN�]^R
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<+��� \4N
]^\I`HPY\6_O`��zNZc6` RUN}JMa �zvmLO\6`HPY\1`Z[	�^_�`ZJ�_oNQ[YWXc6`Z\I_oN}c6` \6_�S�_Y_O\4jr\c[?qG>E>w[�qv>I�;>�q

�$_ W}R��z`ZJ�_ePY\�]*) �z_oN}\6WZRMdIN��^J�_>`XNZc6W
�^vfLY\	& R7=MJ�W}RMTO]^\QPY\Qg1AOq � 6Md6RM] q aeJM] 0 � L 3 \(RMTO]^\tRULQ[?q! ���[ q > ��>�58$
[nRMW~N��z\ �	[9[VM�$H]8) c6dtRUWXN�c6_Y\IWZp�c4N��^vfLY\ ���	<+��� L \
�fg,WXctRMd4N��O&�M \6`~N & R��zTY]^\ � �Yq H 6UdtRM] qxa>J�] 0 � 3 \(R g
TY]z\tRML�[?q! �� [�qv> �;> 5 q
|;R>[�J�`��hN��zJ�_F>9PO\�]^R:aeJ�]zc6dILY]^\bP	�^[ %YcI_olr]yg,P��^RMa �^_Y\ \6`XN [YWXJrd�%Y\�PY\1] R:[�J�`��hN��zJ�_F>1PY\9]^R:aeJ�]zc4g
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� ]^J�TnRU]^\6a>\6_oN�$r]*)xcIdtRMW~N"c6_Y\IWZp�c4N��^vfLY\/���	<+��� L \
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�
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\K\IWZa>\1c6_Y\IWZp�c4N��^vfLY\1\I_D%nRUWXN}WX\6\ L 6UdtRM] qxa>J�] 0 � M WXctRMd4N��G& \
�
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T RMW WZRM[Y[�J�WXN RML1`Xlm`XNZ{6a>\ P	�^[ %YcI_olr]yg,P��^RMa �^_Y\/[VJM`��zN��^J�_/>�!�N}W
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T RMW WZRM[Y[�J�WXN RML1`Xlm`XNZ{6a>\ P	�^[ %YcI_olr]yg,P��^RMa �^_Y\/[VJM`��zN��^J�_/>�!�N}W
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�^`XJ�[YWZ{I_Y\2[�\6WZJtjmlm]^c 3 \KRMTY]z\tRML~[?q! EH
[�q3>I�( �5 \I`XNQPYc6`~NARMT	�^]��z`Zcb[YRMW �^_oN}\IW}RMd4N��zJ�_%`XNZc6W��zvfLY\1PY\P>�q BX6UdtRM] qxa>J�] 0 � L [nRUWXN��z\ �d[9[9M4q ( \�a.76a>\�$
]8) c6_O\6WZp��^\QP3)SRUWZW}RUd�%nRMp�\QPY\�? � \6`~N��zaecI\ [nRUW &' M|_^ T \I`XNHRULYp�a>\6_oN}cI\�PY\ �YqRA�6Md6RM] q aeJM]�0 � \6_ WZR��^`XJ�_
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�fgiWZctRUdIN��G&�M>\6`XNs`XLY[VcIW��z\6LYW�PY\ �rq H
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| \6` `XLYW2& RMdI\6` Pb) �z`ZJUgiPY\6_Y`
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�

\KRMTY]^\6RMLZ�rq#� >P�F�rLOW2& RMdI\eP3)��^`XJUg,PO\6_Y`
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H

N2

H1

C3H3
position 1

phényle 1 phényle 2

position 2

O31

O30

C32
UB3LYP/6-31g(d,p)
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