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O
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O
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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
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Restricted Hartree-Fock
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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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vfL�� �z_YP��zvmLO\ vfLY\ ]z\6` WZRMP��^d6RMLrj PY\ ]^R [�J�`��hN��zJ�_  `ZJ�_oN%aeR#"XJ�W��zNAR��^WZ\I`�$$dI\6Lrj�PY\ ] R [VJM`��zN��^J�_ �
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[�q H(��\4N9]z\X\(RMTO]^\tRUL��mq1�rqG>�[�q H(�Yq;|;R%PY\I_Y`��hN}c�PY\>`Z[��z_ `X\eWXc6[nRUWXN��hN1\6_oN}WX\e]z\:dtRMWXTVJM_Y\�[YW��zaDR��zWZ\
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���kq T J�LYW�] R [�J�`��hN��zJ�_  ;$K]^R PY\6_O`��zNZcDPY\D`Z[��z_ `Z\ WXc6[nRMW~N��hN�\I_fNZWZ\%]z\DdtRUWZT�J�_Y\D`X\6dIJ�_YPnR��zWZ\����:\4N
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� AOqR��A" AOq A">IB g1AOqRA����

\(RUTY]^\6RMLD�rqO>k�-�Q(�\I_Y`��hN}c�PY\1`Z[��z_sRUN}J�a��^vfLY\�`ZL��G=MRU_fNQ]^R [VJ�`��zN��^J�_%P3)xRMWXW}RMd�%nRUp�\1PY\�?��
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]^\w`~lm`XN}{Iae\�a>J�]^cId6LY]z\b[ %YcI_YJtjYR ) �^_O\�!�N}W��
�^`XJ�[YWZ{I_Y\b[�\6WXJkjmlm]^c

(bRM_Y` dI\INZNZ\ cINZLYPY\�$�]^\6` NZ\6WXae\I` \6_�WZJMLYp�\ PnRM_O`2]^\6`�NARMTY]z\tRMLmj �z_YP��^vfLY\I_oN2LY_Y\ c�=�J�]zLON��zJ�_
d6JM_fNZW}R��zWZ\ 0 d6\ vmLO\ ]8) J�_ [�J�L"=UR��hN RuNZN}\I_YPYWX\ L c4NARUNDPY\ NZW}RM_Y`�zN��^J�_�[Y]^LO`D`XN}RMTY]z\ vfLY\ ]z\�WXctRMd4N��O&!$
cIN}RUN"PY\1N}WZRM_Y`��hN��zJ�_ [Y]zLY`"`XNARUTY]^\wvfLY\�]^\w[YWXJrPOL��zN�$OWZc6RMdIN��O&K[Y]^LO`H`XNARUTY]^\1vfLY\1]^\w[YWXJrPOL��zN�M4q
|V)x\I_oN�%nRM]z[��^\�]��^TOWZ\�Pb)SRMd4N��G=MRuN��^JM_DPY\wdI\INZNZ\wWZc6RMdIN��^J�_ \7jr[YW��zae\b]*)xcI_Y\6WXp��^\�_Yc6dI\6`Z`ZR��^WX\w[VJMLYWHRMWXW}RMd�%Y\IW
? � 0�]^Rsa>J�]^cId6LY]z\>RM_oN��hgiJtjrlmPnRU_fNZ\e[YRMW9]z\eWZRMP��zdtRM]$[�\6WXJkjmlm]^\Uq]�QJ�LY`�RM]^]zJ�_Y`4=�J��^W�d6J�a>ae\I_oN�dI\INZNZ\
,UcI_Y\6WXp��^\:P3)xRMWXW}RMd�%nRUp�\:PY\X? � . c�=�J�]zLY\:`ZL��G=URM_oN1PY\6Lrj _��O=M\tRMLmj PY\:dtRU]^d6LO]V���	<+��� qv(-)SRM[OWZ{6`1]z\
dtRU]^d6LO]9> L dIJ�LYd�%Y\1a>JrPY{I]^\c�r_��O=M\tRML�PY\1d6RM]^dILY] `XLY[VcIW��z\6LYW�M�3 \KRMTY]z\tRMLD�rq���A [�qaB��658$r]8)xRMWZWZRMd�%nRMpM\bPYL
W}RUP��^d6RM]"? � _YcId6\6`X`��hN}\�> �rq#�46UdtRM] qxa>J�] 0 � qM| \'_	�O=�\6RML:PY\'d6RM]^dILY]maeJkl�\I_:`ZLYW(] R�dIJ�LYd�%Y\ �z_fNZ\6WXaecIP�� R��zWZ\
WZc�=�{I]^\DLO_Y\e`~NARMT	�^]��z`}RUN��^J�_ PY\D]*)xc4NARUN�PY\�N}WZRM_Y`��hN��zJ�_ [nRMW1W}RM[O[VJ�W~N9RML�WXctRMd4N��O&?PY\:g � qG> 6UdtRM] qxa>J�] 0 �
PYLY\�0b]^R�PYcI]^JmdtRM]
�^`}RuN��^JM_9cI]^\6d4N}WXJ�_��^vfLY\�L �^_ � LY\6_YdI\HPY\6`$pMWZJ�LY[�\6a>\6_oNZ` RMWZJ�aeRUN��^vfLY\6`�M4qU| \6`$`ZLOW2& RMdI\6`
P3)��^`XJUg,PY\I_Y`��hN}c RUN}JMa �zvmLO\ PY\ `Z[��z_ 3 \(RMTO]^\tRULN�rq��;>�[�q;Bo�65 �^]z]^LY`~N}WX\6_oN d6\�["%Yc6_YJMae{I_Y\bPY\ PYc6]zJrd6RM]��z`}Rug
N��zJ�_ cI]^\IdIN}WXJ�_��zvmLO\ 3 \KRMTY]z\tRML [?q� e[�q]> � >�5 qV|V)xcI_Y\6WXp��^\9P3)xRMWZWZRMd�%nRMp�\�PY\P?��n\6`XN��^a>c6\ [YRMW�]^Re[nRMW~N��z\
&' �|�^ T _b)x\I`XNQ[Y]^LO`QvfLY\1PY\X>�q#�X6Md6RM] q aeJM] 0 � q

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

\KRMTY]^\6RMLZ�rq��;>P�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>\�aeJ�]zc6dILY]^\b["%Yc6_YJtjOR ) �^_Y\�! NZW����z`ZJ�[OWZ{6_O\w[V\IWZJtjmlr]zc

(bRM_Y`�]z\ `Xlm`~N}{6a>\ WZcI\6]8$ ]^\ WZRMP��zdtRM]	� � \6`~N�`XN}RMT��^]
�^`Xc�[nRUW%PYc6]zJrd6RM]��z`}RUN��^J�_�c6]z\6dINZWZJ�_	�^vfLY\ `XLYW
]^\I` dIlmdI]^\6`�RUWZJ�aeRUN��zvfLY\6` aeR��z`9PnRU_Y`:]^\ `~lm`XN}{Iae\%a>JmPY{6]z\ 3x�C%nRM[ �zN}WZ\k�rqO>MqO>E$K[�qK� � 58$Kd6\INXN}\%PYcI]^JUg
dtRU]��^`ZRUN��zJ�_ \6`~N �zae[�J�`X`��^TO]^\Mq(|V)xcIdtRMW~NecI_Y\6WXp�cIN��^vfLY\ L \�fgiWZctRUdIN��G&�M�POL `Xlm`~N}{6a>\saeJmPY{6]z\%\6`~NDPYJM_Yd
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] RUWZp�\Iae\I_fN `ZLY[�c6W�^\6LOW��d>*�YqG>F6MdtRU] q aeJ�] 0 � 3 \KRMTY]z\tRML~�rq�� [�q��E�:5Y0 d6\6]zL��bPYL `Xlm`~N}{6a>\ WZcI\6] �YqS�
6Md6RM] q a>J�] 0 � 3 \(RMTO]^\tRULF�rq���A�[�q�Bo�;$��L8���	<+��� M)5 q�|;Re[nRUWXN��z\ �d[9[�PYL d6RM]^dILY] ���	<+���G[YWX\6_YP \6_
d6JMae[ONZ\"]^\6` \�WV\INZ`?`~N}c6W�^vfLY\I` PYLeWZ\I`XN}\ PYLD`~lm`XN}{Iae\cL �z_fNZ\6WZRMdIN��^J�_�\6_oNZWZ\�]^RwaeJ�]zc6dILY]^\H[ %Oc6_YJtjOR ) �z_Y\\INQ]z\wW}RMP��zdtRM]�N}W���^`XJ�[YWXc6_olm]^\w[�\6WZJtjmlm]^c7M4q
| \6` d6J�WXWZ\IdIN��zJ�_Y`2N�%O\6WZa �^vfLY\I` R#"XJ�LONZc6\I`Z0 ]*)xcI_Y\6WXp��^\ ���	<+��� ���L8���<+��� M2[�\6WXae\4NZNZ\6_oN

PY\%d6RM]^dILY]^\IW�]8) \6_oN�%nRM]^[	�^\D]
�^TYWX\ � $(J�_ JMTON��z\6_oN:LY_Y\Q& R �^TY]z\e\I_fN�%nRM]z[��^\ ]
�^TYWX\DP3)xRMd4N��O=URUN��^J�_ PY\F>�q A
6Md6RM] q a>J�]�0 � 3 \(RUTY]^\6RMLD�rq1�(�:[ q`B � 5 q

\K\IWZa>\1c6_Y\IWZp�c4N��^vfLY\1\I_D%nRUWXN}WX\6\ L 6UdtRM] qxa>J�] 0 � M WXctRMd4N��G& \�
���	<+��� g+����Arq � >k�e> � � g!����AOq � A��-B"> �

�?J�WXWZ\IdIN��zJ�_Y`HN�%O\6WZa �^vfLY\I`�0 � AOq � � � � Ao� Arq � � APHEH �
�  g+����ArqRA(�EH�� � A g!����AOq A(�_�-A���B

L,+ � -/  M L >�q A M
\KRMTY]^\6RMLD�rq��"���N�$_Y\IWZp��z\�Pb)SRMd4N��G=MRuN��^JM_%PY\1] R [YWX\6a �^{6WX\1WZctRUdIN��zJ�_�`ZLYW"]z\w`Xlm`XNZ{6a>\9a>J�]^cId6LY]z\b[ %Yc7g
_YJtjOR ) �z_Y\�!�NZW����z`ZJ�[OWZ{6_O\w[V\IWZJtjmlr]zc

fCg��g�A ' y@p!uvw ldp!n � �duvz	y ��r�� x+z	n~r��Knvw p!n�� ubj�� �'p�� w ��w p+y��	n�� 
vzdn �-n3s y��	��p!u

O25
O24

N2

O

H1
radical méthyl-cyclohexène 

peroxylé POO

C26

molécule phénoxazine

UB3LYP/6-31g(d,p)

UB3LYP/3-21g*

UFF

[ �zp�LYWZ\��rqRH-�N�mlm`XNZ{6a>\�WXc6\I] _mLOaecIWZJMNZc �OaeJ�]zc6dILY]^\b["%Yc6_YJtjOR ) �^_Y\1\6_ �^_oNZ\6W}RUdIN��zJ�_sR7=�\6d�]^\�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> � �rq
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|;R�p�cIJ�a>cIN}W�^\2PY\ ]^R�a>J�]zc6d6LO]^\ [ %Oc6_YJtjOR ) �z_Y\ �^_oN}\IW}RMp��z`Z`ZRM_oN R7=M\6d ]^\ aec4N�%olm]hgidIlmd6]zJE%Y\4jr{I_Y\
[�\6WZJtjmlm]^c1\6_s[�J�`��hN��^JM_  �\I`XNQ[YWXc6`Z\I_oN}c6\9PnRM_Y`"]z\�\(RMTO]^\tRUL �mq1�( :[�q`BE�rq

� cIJ�a>cIN}W�^\ WXctRMd4N��G& \�
[ %YcI_YJtjOR ) �z_Y\�! T �����

Prg1� � ? � >MqRA">* �� >�qO>k�����
Prg+� � � ? � �mq1�E��� >�q� "�"���

� WZRMP��^\I_oNY� AOqRA�AEAEA
Prg+� � � � ��� >Mq� " ��.� >�q!�EA����
Prg!� � � � �  rqO> �(�%� �rq!� �  %�

\KRMTY]^\6RML/�rq1�� '� � cIJ�aec4N}W�^\$PYL9WZctRUdIN��G&!$kPYL/\��PY\ ]^RH[YWZ\Ia �z{6WZ\ WZc6RMdIN��^J�_�`ZLOWK]z\ `~lm`XN}{Iae\ aeJM]^c6dILY]^\
[ %YcI_YJtjOR ) �z_Y\ !�aec4N�%olm]hgidIlmd6]zJE%Y\4jr{I_Y\9[�\6WXJtjrlm]zc

| \6`?`~N}WXLYdINZLYWZ\I`'PYL WXctRMd4N��O&�\IN PY\�]*)xc4NARUN PY\"N}W}RU_Y`��hN��^JM_ 3 \(RUTY]^\6RMLk�rq��( �[�q"BE�65 `ZJ�_oN?[YWZJmd�%Y\6`?PY\
d6\I]^]z\6`HJ�TONZ\6_fLY\I`�R7=�\Id9]z\bN}W���^`XJ�[YWX{6_Y\w[�\6WXJkjmlm]^c.3 \(RUTY]^\6RMLD�rqO>7B�[ q`B(�(5 q
|V)xc4NARUN PY\QN}W}RU_Y`��hN��^JM_e[�J�`Z`X{6PY\�PY\6`'d6RMW}RUdIN}cIW��z`XN��zvfLY\6` `��za �z] R��zWZ\6`90�d6\I]^]^\I` JMTON}\I_mLO\6`HR7=�\Idb]^\"N}W���z`ZJUg
[YWX{6_Y\UqY|;R�& WXc6vfLY\6_Od6\ �^aeRMp��z_nR��zWZ\?PO\b]8) cIN}RUN PY\ NZW}RM_Y`�zN��^J�_�>� � H ��dIa 0 � 3 \KRMTY]z\tRMLe[?q!�9[�q�> � �65�\6`~N
[YWXJrd�%Y\QPY\ d6\6]z]^\HPYLeN}W��
�^`XJ�[YWZ{I_Y\�>*�f�� ��nd6a 0 � 3 \(RUTY]^\6RMLe[ qO>Q[�q`> � >�5 qf|;R9dIJrJ�WXPYJ�_Y_Oc6\QPY\ WXctRMd4N��zJ�_
d6JMae[�J�WXNZ\"d6J�a>ae\H[�J��zPY`$[YWZcI[VJM_YPYc6WZRM_oN']z\6` P��^`~NARM_Od6\6` �	��?��(g1AOqS����Aw\IN'�4� ��?��VAOqRH�AEHOq_(�\I` [�J��^PO`
`��za �z] R��zWZ\I`V`XJ�_oNKJMTON}\I_mLO`/[�J�LYW ]*)xc4NARUN;PO\ N}W}RU_Y`��hN��^JM_wPYL�NZW��
�^`ZJM[YWZ{I_Y\�$��	��?���g!Arq �E��> \IN]�4� ��?��bAOqR��B(�Yq

T RMW9W}RM[O[VJ�W~N:RML `Xlm`XNZ{6a>\ [ %YcI_YJtjOR ) �z_Y\ ! N}W���^`XJ�[YWX{6_Y\>[V\IWZJtjmlm]^c 3 \KRMTY]^\6RML��rq���As[�q]B��658$;]z\
`Xlm`~N}{6a>\%[ %YcI_YJtjOR ) �z_Y\ ! aec4N�%olm]hg,d4lmd6]^J�%Y\4jr{6_O\ 3 \KRMTY]z\tRML�[ q ��[ qC> � �:5?\I`XN:PYcI`XN}RMT��^]
�^`Xce[nRUW �^_rg
N}\IW}RMd4N��zJ�_ `XNZc6W�^vfLY\ PY\e>�q!�e6MdtRU] q aeJ�] 0 � L [nRMWXN��^\ �d[9[9M4q � _2WX\�=URM_Yd�%O\�$�]*)xcI_Y\6WXp��^\�P3)xRMWZWZRMd�%nRMp�\�PY\
?���\6`~N��^a>c6\>[nRMW2&' �|�^ T \6`~N:RMTYR��^`X`Zc6\ePY\>g�>�q A�6UdtRM] qxa>J�] 0 � \6_�W}R��z`ZJ�_ P3) LY_Y\ `~NARMT��z]��z`}RUN��^J�_2[nRUW
PYcI]^JmdtRM]
�^`}RuN��^JM_�c6]z\6d4N}WZJM_��^vfLY\%[Y]zLY`��^a>[VJMWXNARU_fNZ\DPY\ g�>�qRBF6UdtRM] qxa>J�] 0 � L dtRU]^d6LO] �EM4q � ]^JMTnRM]^\Iae\I_oN7$
]8) c6d6RMWXN"cI_Y\6WXp�cIN��^vfLY\-���	<+��� L \�fgiWZctRUdIN��G&�M?\I`XNQ]^cIp�{6WX\6a>\6_oNQ`ZLY[�c6W�^\ILYWHPY\�AOqS�X6UdtRM] qxa>J�]�0 � q
| \6`1PY\6_O`��zNZc6`1RUNZJ�a �^vfLY\6`�PY\:`Z[��z_ 3 \KRMTY]z\tRML�[?q � [�q > � �65(`ZJ�_oN1`��za �z] R��zWZ\I`	0%dI\6]^]z\6`bJMTON}\I_mLO\6`

R7=�\Id9]z\bN}W��
�^`XJ�[YWZ{I_Y\�3 \(RMTO]^\tRULD[ q� :[�qv> � >�5 q
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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& \�

���	<+��� g+����Arq � ���cB" �� g!����AOq � ��A/Ao��A
�?J�WXWZ\IdIN��zJ�_Y`HN�%O\6WZa �^vfLY\I`�0 � AOq� ;>:�PB(��B Arq� EA�HQ>IA" 

�  g+����Arq� ">��XBEH" g!����AOq! ">E>4B(�_�
L,+ � -/  M L >�q B M

\KRMTY]^\6RMLD�rq����/�N�$_Y\IWZp��z\�Pb)SRMd4N��G=MRuN��^JM_%PY\1] R [YWX\6a �^{6WX\1WZctRUdIN��zJ�_�`ZLYW"]z\w`Xlm`XNZ{6a>\9a>J�]^cId6LY]z\b[ %Yc7g
_YJtjOR ) �z_Y\�! a>cIN�%flm]yg,dIlmdI]^JE%Y\7jr{6_Y\�[V\IWZJtjmlm]^c

|V)x\I_fN�%nRM]z[��^\e]��^TOWZ\>P3)SRUdIN��G=URUN��zJ�_ _O\ P��OWV{6WX\DvfLY\ PO\ � >Q6UdtRM] qxa>J�] 0 � `XL��O=URM_oN:]^R�_nRUNZLYWZ\ePYL
W}RUP��^d6RM]�[�\6WZJtjmlm]^\�$k\6]^]z\ \6`~N/PY\?+ � -/  > >MqRA�6Md6RM] q a>J�] 0 � [�J�LYW ]z\ N}W��
�^`XJ�[YWZ{I_Y\ 3 \(RMTO]^\tRUL/�mq1�"�'[�q B � 5 q

fCg��g�� ' y@p!uvw ldp!n��V�F� � � �-y ��x j;x+yKz hor �Knvw~p!n~j�s x!x �;y��ds 
vzdn �-n3s y��	��p!u
|;RQa>J�]^cId6LY]z\ �ETKT ( d6JMLYW}RMa>a>\6_oN/LON��z]��^`Xc d6JMaea>\ RM_oN��hgiJtjrlmPnRU_fN/[�J�`Z`X{6PY\ PY\6Lmj�p�WZJ�LO[V\Iae\I_fNZ`

RMa �^_Y\I`H`Z\Id6J�_YPYR��^WX\6`"P��^`~N��z_YdINZ`��

N2

H1

N15

H

C47

O46
O45

position  1

phényle 1 phényle 2
chaîne alkyle

position  2

UB3LYP/6-31g(d,p)

UB3LYP/3-21g*

UFF

[ �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]
N}W���z`ZJ�[YWX{6_Y\w[�\6WXJtjrlm]zc�\I_�[�J�`�zN��zJ�_  
| \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> �  Oq

� c6J�a>cINZW��z\ WZc6RMdIN��O& \��ETKT ( ! T �Y� �
Pmg!� � ? � >�q A">E>�� >�qO>I�����
Prg!� � � ? � �mq1�E��� � W}RMP��z\6_oN�� g1AOqRA�A���A >�q1��BEH%�
Prg!� � � � � � >�q! " o��� >�q!�">IB%�
Prg1� � � � �  OqG>IHEA%� �rq!� � � �

\KRMTY]^\6RML��rq������ � cIJ�a>cIN}W�^\ PYL�WZctRUdIN��G&!$�PYL \� PY\ ] R�[OWZ\6a �^{IWZ\ WXctRMd4N��zJ�_ `ZLYW2]z\ `Xlm`~N}{6a>\�ETKT (PL [�J�`�zN��zJ�_ > M !�NZW��
�^`ZJM[YWZ{I_Y\w[V\IWZJtjmlm]^c

|;R p�c6J�a>cINZW��z\eJ�TrN}\6_fLY\%\I`XN:[OWZJmd�%Y\%PY\ dI\6]^]z\DPY\D] R [ %Oc6_YJtjOR ) �z_Y\�R7=�\Id%]^\eNZW��
�^`ZJM[YWZ{I_Y\ 3 \(R gTY]z\tRMLD�rqG>IB:[�q`B(�(5�\INQ]^\wa>cIN�%flm]yg,dIlmdI]^JE%Y\7jr{6_Y\.3 \(RMTO]^\tRUL �mq1�( :[�q`BE�65 q
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T RMW9W}RM[O[VJ�W~N:RML `Xlm`XNZ{6a>\ [ %YcI_YJtjOR ) �z_Y\ ! N}W���^`XJ�[YWX{6_Y\>[V\IWZJtjmlm]^c 3 \KRMTY]^\6RML��rq���As[�q]B��658$;]z\
`Xlm`~N}{6a>\ ��T@T ( � [�J�`��hN��zJ�_ > !�N}W���z`ZJ�[YWX{6_Y\�[�\6WXJkjmlm]^c 3 \(RMTO]^\tRUL�[?q H [ q	> �  �5"\6`~N PYcI`XNARUT��^]
�^`Zc
[nRMW �^_oN}\IW}RMd4N��zJ�_ `XNZc6W�^vfLY\bPY\ �rq � 6UdtRM] qxa>J�] 0 � L [YRMWXN��^\ �d[9[VM7q"( \w[Y]^LY`�$r]*)xcI_Y\6WXp��^\ P3)xRMWZWZRMd�%nRMp�\�PY\
? � \6`~N��zaecI\�[YRMW8&  �|_^ T \6`~NbRMLOp�ae\I_oN}c6\�PY\��rq#� 6UdtRM] qxa>J�]�0 � \I_ W}R �^`ZJM_sPb)xLY_O\9`~NARMT��z]��z`}RUN��^J�_%[nRUW
PYcI]^JmdtRM]
�^`}RuN��^JM_ c6]z\6d4N}WZJM_��^vfLY\�a>J��^_Y` �^a>[VJ�W~NARM_oNZ\ PY\��YqR�k6UdtRM] qxa>J�] 0 � L dtRU]^d6LO] �EM4q � ]^JMTnRM]^\Iae\I_oN7$
]8) c6d6RMWXN"cI_Y\6WXp�cIN��^vfLY\-���	<+��� L \�fgiWZctRUdIN��G&�M?\I`XNQ] RUWZp�\Iae\I_fN"`XLY[�c6W��z\6LYWHPO\/HOqG>Y6Md6RM] q aeJM] 0 � q
| \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\

[YW�^_Yd �^[nRM]z\6a>\6_oN `ZLOW?]^\QdIlmdI]^\ RMWZJ�aeRUN��^vfLY\"`��hN}LYcQ\6_oN}WX\�]z\6` PY\6LrjDRUNZJ�a>\6` c6]^\IdINZWZJ�_YcIpoRUN��O& ` P3)xR ) JMNZ\3 \(RMTO]^\tRULD[ qRB:[�qv> �  �5V�
(�\6_O`��zNZc1PY\1`Z[��z_�WXctRMd4N��O& (�\6_O`��zNZc9PO\�`X[��^_N\�

\KRMTY]^\6RMLZ�rq�� � �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

|;R1TYRMWZW�^{6WX\'P3)xRMdIN��O=URUN��^J�_ \I`XN �^a>[�J�WXN}RM_oN}\d�"+ � -/  > BOqR�46MdtRU] q�a>J�] 0 � 3 \KRMTY]z\tRML �rq��E��[�q�B�B�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 � � HPA��E� g1Bo� � q � ��H/AEB �
�?J�WXWZ\IdIN��zJ�_Y`HN�%O\6WZa �^vfLY\I`�0 � AOq � � A%��B" Arq ���M�cB">IH

�  g!Bo���mqRBEAE�:��H(� g1Bo���rq HEB�� > ��H
L,+ � -/  M L BOqR� M

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

T RMW WZRM[Y[�J�WXN RML�`~lr`~N}{Iae\ �ETKT ( ��[�J�`�zN��zJ�_Q> ! NZW��
�^`ZJM[YWZ{I_Y\H[V\IWZJtjmlm]^c93 \KRMTY]z\tRML [?q Hw[�q > �  �58$
]^\>`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>E>e[�q@> � �(5 \6`~N
`XN}RMT��z]��^`XcD[nRUW �^_oN}\IW}RMd4N��^JM_ `XNZc6W��zvfLY\�PY\Dg~�rq H 6Md6RM] q a>J�] 0 � L [nRMW~N��^\ �d[9[VM7q T RMW:d6J�_oNZWZ\�$(]8) c6_Y\IWZp��z\
P3)xRMWZWZRMd�%nRMpM\ePY\ ?���\6`~N��^a>c6\�[nRUW�&' M|_^ T \6`XN RMLYp�a>\6_oNZc6\>PY\D>Mq1�k6Md6RM] q aeJM] 0 � \6_�WZR��^`XJ�_ P3)xLO_Y\
`XN}RMT��z]��^`ZRUN��zJ�_ [nRMW9PYc6]zJrd6RM]��z`}RUN��^J�_ c6]z\6d4N}WZJM_��^vfLY\eaeJ��z_Y` �^a>[VJ�W~NARM_oNZ\ePY\D>�q A 6Md6RM] q aeJM] 0 � L dtRM]zd6LY]
�EM7q � ]^JMTnRM]^\Iae\I_oN7$M]*)xcIdtRMW~N?cI_Y\6WXp�cIN��^vfLY\d���	<+��� L \�fg,WXctRMd4N��O&�M \6`~N �^_;& c6W��z\6LYW PY\Hg)�OqRHY6Md6RM] q aeJM]�0 � q
| \6`�PY\6_Y`�zNZc6`�RUN}JMa �zvmLO\6`wPY\�`Z[	�^_ 3 \KRMTY]z\tRML�[?qG>:� [�qV> � �(5$a>J�_oN}WZ\I_oN1vmLO\e]^R PYc6]zJrd6RM]��z`}RUN��^J�_

`�) \�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
|V)x\I_fN�%nRM]z[��^\ ]
�^TYWX\ P3)xRMdIN��O=URUN��^J�_b\I`XN;PYJM_Yd$d6J�_O`��^POc6W}RUTY]^\Iae\I_fN;WXc6PYL	�zN}\([VJ�LOW ]^\ a>cIN�%flm]yg,dIlmdI]^JE%Y\7jr{6_Y\��

+ � -/  > �YqG>�6UdtRM] qxa>J�] 0 � 3 \KRMTY]z\tRMLD�rq���H:[�qv>IAEA65�[nRMW"WZRM[Y[�J�WXN0:d6\I]^]z\wPYLsNZW��
�^`ZJM[YWZ{I_Y\c� + � -/  > Brq �c6Md6RM] q a>J�]�0 � 3 \(RMTO]^\tRUL �mq1�E� [�q BEB�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�cHo�E� g1Bo� � q � �  � ��E�
�?J�WXWZ\IdIN��zJ�_Y`HN�%O\6WZa �^vfLY\I`�0 � AOq ��A��Q>*��H Arq ��A;>P>:��H

�  g!Bo� � qO> � HX��AEB g1Bo� � qG> � ����AEA
L,+ � -/  M L �YqG> M

\KRMTY]^\6RML �rq���H�/�$_Y\6WXp��^\HPb)SRMd4N��G=MRuN��^JM_ PY\H] R [YWZ\Ia �z{6WZ\?WZctRUdIN��zJ�_:`ZLOW$]^\'`~lr`~N}{Iae\ �ETKT (�L [�J�`��hN��^JM_
> M !�a>cIN�%olr]yg,d4lrdI]^JE%O\4jr{6_Y\1[�\6WXJkjmlm]^c
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N2
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C47

O46

O45

UFF

UB3LYP/6-31g(d,p)

UB3LYP/3-21g*

position  1

phényle 1 phényle 2
chaîne alkyle

position  2

[ �zp�LYWZ\k�rqO>�> � �mlm`XN}{Iae\�WXc6\6] _mLOaecIWZJMNZc � �ETKT (PL [�J�`��hN��zJ�_ � M�\I_ �z_oN}\6WZRMdIN��^J�_ RI=M\6d�]^\DW}RMP��zdtRM]
N}W���z`ZJ�[YWX{6_Y\w[�\6WXJtjrlm]zc�\I_�[�J�`�zN��zJ�_  
| \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[?qS� [�q3> � �rq

T RMW WZRM[Y[�J�WXN RML�`~lr`~N}{Iae\ �ETKT ( ��[�J�`�zN��zJ�_Q> ! NZW��
�^`ZJM[YWZ{I_Y\H[V\IWZJtjmlm]^c93 \KRMTY]z\tRML [?q Hw[�q > �  �58$
]^\>`Xlm`~N}{6a>\ ��T@T ( �/[�J�`��hN��^JM_ � !�N}W���^`XJ�[YWX{6_Y\>[V\IWZJtjmlm]^c 3 \KRMTY]^\6RMLZ[?qO>�� [�q@> � �65 \I`XN�`XNARUT��^]
�^`Zc
[nRMW �z_oN}\6WZRMdIN��^J�_�`~N}c6W�^vfLY\1PY\bg  rqO>�6UdtRM] qxa>J�] 0 � L [nRMW~N��^\ �	[9[VM7qa(�\1a�7Iae\�$Y]8) c6_O\6WZp��^\bP3)xRMWXW}RMd�%nRUp�\
PY\d?��o\I`XN��^a>c6\�[YRMW &  �|_^ T \I`XN'RMTnR��z`Z`ZcI\�PY\"g�>�q H-6UdtRM] qxa>J�] 0 � \I_ W}R��z`ZJ�_eP3) LY_Y\�`~NARMT	�^]��z`}RUN��^J�_�[nRUW
PYcI]^JmdtRM]
�^`}RuN��^JM_�c6]z\6d4N}WZJM_��^vfLY\%[Y]zLY`��^a>[VJMWXNARU_fNZ\DPY\ g) Oq� F6UdtRM] qxa>J�]�0 � L dtRU]^d6LO] �EM4q � ]^JMTnRM]^\Iae\I_oN7$
]8) c6d6RMWXN"cI_Y\6WXp�cIN��^vfLY\-���	<+��� L \�fgiWZctRUdIN��G&�M?\I`XN �^_;& c6W��z\6LYWHPO\wg �rq Ac6MdtRU] q aeJ�] 0 � q
| \6`�`XLYW2& RUd6\6`9P3)��^`ZJug,PY\I_Y`��hN}c>RUN}JMa �zvmLO\>PO\e`X[��^_ aeJ�_oNZWZ\6_oN�]�0�\6_Od6J�WX\DvfLY\>] R�PYc6]zJrd6RM]��z`}RUN��^J�_

`�) \�WV\6d4N}LY\w[OW��^_Od �^[YRM]^\Iae\I_fN `XLYW']^\QdIlmdI]^\wRMWXJ�aeRUN��zvmLO\ `�zN}LOc�\6_oNZWZ\b]z\6`?PO\6Lrj RUN}JMae\I`?P3)xR ) JUN}\�$m[�\6L`ZLOWQ]*)SRULON}WX\wdIlmd6]z\9RUWZJ�aeRUN��zvfLY\b\IN"NZWZ{6`"[�\6Ls`ZLYW"]^R d�%nR�� _O\9RU] 6olm]^\�3 \(RMTO]^\tRULD[ qO> � [�qv> � �65V�
(�\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��
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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
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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
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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& \�
���	<+��� g!Bo�;>MqRH(�(�.��A"> g1Bo�;>�q H" (�cA(��A

�?J�WXWZ\IdIN��zJ�_Y`HN�%O\6WZa �^vfLY\I`�0 � AOq � � � ��A � Arq � ��>YB��E�
�  g!Bo�;>MqO> � �P��B(� g1Bo�;>�qG> � � >E>� 

L,+ � -/  M L  Oq � M
\KRMTY]^\6RML~�rq! " Z� �$_Y\IWZp��z\ Pb)SRMd4N��G=MRuN��^JM_ PY\ ] R [YWZ\Ia �z{6WX\2WZctRUdIN��zJ�_ `ZLYW�]z\2`Xlm`XNZ{6a>\�( TKT ( !
N}W���z`ZJ�[YWX{6_Y\w[�\6WXJtjrlm]zc
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UFF

[ �zp�LYWZ\��rqG>*� �q�flr`~N}{Iae\ WXc6\I] _fLYa>c6WZJUN}c �	( TKT ( \I_ �^_oN}\IW}RMd4N��zJ�_ R7=�\Id ]^\ W}RMP��zdtRM]1a>cIN�%flm]yg
dIlmdI]^JE%Y\7jr{6_Y\�[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 H:[�q3> � HOq

T RMWKW}RM[O[VJ�W~N RUL�`Xlm`~N}{6a>\�( TKT ( ! N}W���z`ZJ�[YWX{6_Y\ [�\6WZJtjmlm]^c83 \KRMTY]z\tRML/[?q1��A [�q_> � �:58$ ]^\ `Xlm`~N}{6a>\
( TKT ( ! aec4N�%olm]hgidIlmd6]zJE%Y\4jr{I_Y\'[�\6WZJtjmlm]^c83 \KRMTY]z\tRML/[?q1�� Q[�q�> � H65r\I`XN(PYc6`~NARMT��z]��z`Zc [nRMW �^_oN}\IW}RMd4N��^JM_
`XNZc6W�^vfLY\QPY\ �Oq1��6Md6RM] q aeJM]�0 � L [nRUWXN��z\��d[9[VM7q�S�Led6J�_oN}WZR��^WX\�$o]*)xcI_Y\6WXp��^\"P3)xRMWZWZRMd�%nRMpM\QPO\d? � \6`~N��zaecI\
[nRMW &' �|�^ T \I`XN?RMTnR��z`Z`ZcI\ PO\Qg��mq!�Y6Md6RM] q a>J�] 0 � \6_eW}R��z`ZJ�_>P3) LY_Y\�`~NARMT	�^]��z`}RUN��^J�_�[nRMW PYc6]zJrd6RM]��z`}RUN��^J�_
c6]z\6d4N}WZJM_��^vfLY\>[Y]^LO` �zae[�J�WXN}RM_oN}\:PY\�g  Oq � 6MdtRU] q aeJ�] 0 � L dtRU]^d6LO] ��M4q � ]zJ�TnRM]z\6a>\6_oN7$ ]8) c6dtRUWXN�c6_Y\IWZp�c7g
N��zvfLY\-�Y�<+��� L \�fg,WXctRMd4N��G&�M?\I`XNQ`ZLY[�c6W�^\ILYW"PY\X>�qRHP6UdtRM] qxa>J�]�0 � q

SU=M\6d ]^\ a>cIN�%olr]yg,d4lrdI]^JE%O\4jr{6_Y\�$k]8) \6_oN�%YRM]^[��z\(]
�^TYWX\(P3)xRMdIN��O=URUN��^J�_b\I`XN;PY\?+ � -/  > �rq � 6UdtRM] qxa>J�] 0 �
3 \(RMTO]^\tRUL �mq� (��[�qv>7Ao�65*$Y\6]z]^\b\I`XNQ[Y]^LO`Hc6]^\�=�cI\9vfLY\1d6\I]^]z\wJ�TON}\I_fLY\�R7=M\6d�]^\bN}W���z`ZJ�[YWX{6_Y\/� + � -/  �>
 Oq � 6MdtRU] q aeJ�] 0 � 3 \KRMTY]z\tRMLD�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�;>MqRH � A% ��"� g1Bo�;>�q H(�_�2 EA">

�?J�WXWZ\IdIN��zJ�_Y`HN�%O\6WZa �^vfLY\I`�0 � AOq!�">IBXHEAEH Arq!� >k�P�( EA
�  g!Bo�;>Mq!�"�EA��;>*� g1Bo�;>�q#�� ">w�E�"�

L,+ �.-/  M L �rq � M
\KRMTY]^\6RMLX�rq! (���-�$_Y\6WXp��^\'Pb)SRMd4N��G=MRuN��^JM_9PY\?] R [OWZ\6a �^{IWZ\ WZctRUdIN��zJ�_�`XLYW ]z\?`Xlm`~N}{6a>\'a>J�]^cId6LY]z\C( T@T (
! a>cIN�%olr]yg,d4lrdI]^JE%O\4jr{6_Y\�[�\6WZJtjmlm]^c
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fCg��g�� ' y@p!uvw ldp!n fKf � � r �Knvw~p!n~j�s x!x �;y��ds 
vzdn �-n3s y��	��p!u
|;R�a>cIN�%YJrPO\	(d[]\ &' �|�^ T dIJ�_Y`�^PY{IWZ\	0�]^R�& J��^` ]^\I` ["%Yc6_YJMae{I_Y\6` c6]^\IdINZWZJ�_��zvfLY\6` \IN P3) \6_YdIJ�a:g

TYWX\6a>\6_oN `XNZc6W��zvfLY\ 	o]^\?d�%nRMa>[:PY\�& J�WZdI\��d[9[ _O\Hd6J�_Y`�^PY{IWZ\"vfLY\H]^\?[ %Yc6_OJ�ae{I_Y\"P3) \6_YdIJ�a TYWX\6a>\6_oN
`XNZc6W�^vfLY\Mq (�LQ& R��zN?PY\w]8)xRMTY`X\6_YdI\bPY\wPYcI]^JmdtRM]
�^`ZRUN��zJ�_�`ZLYWH]z\6`'d�%nR � _Y\I`HRM] 6olm]^\I`'J�TY`X\6W+=�c1[VJMLYW'] R�[VJug
`��hN��zJ�_ �>PY\�] R�aeJM]^c6dILY]^\ ��T (d( 3 \KRMTY]z\tRML �rq���Be[ qU>7A">E$a\KRMTY]^\6RMLD[?qO>k��[�q > � �658$nJM_ RePOc6d �zPYc�PY\
]^\I`�`XLY[Y[YW�^a>\6W \I_ [nRMWXN��^\>PY\ ]^R d6J�LOd�%Y\ �^_oN}\IWZa>c6P��^R��^WX\ (4[]\�\IN:PO\ ]^\I`�d6JM_Y`��zPYc6WX\6W vfL3)xR7=�\6d�]z\
d�%nRMa>[%PY\4& J�WXd6\ �	[9[?qY| \b`~lm`XN}{Iae\wNZW}R��hN}c�\I_�(4[]\ PY\�= �^\I_oN"PYJ�_YdwPY\bN}R��^]z]^\"a>JrPY\I`XNZ\Mq <,] RP& RU]^]^L
`Z\ILY]^\Iae\I_oN'PY\ILrje`Z\6aeR��z_Y\6` PY\�d6RM]^dILY]UL8�fNARUN��^J�_ < & � �	� � � A�AEA�M [VJMLYW JMTON}\I_��^W ]^\I` `~N}WXLYdINZLYWZ\I`'PYL
WZc6RMdIN��O&K\IN"PY\�]8) cIN}RUNHPY\wNZW}RM_Y`�zN��^J�_�q
|;R>a>J�]^cId6LY]z\��E� T (�\6`~N�dIJ�LYWZRMaea>\6_oNHLrN��^]
�^`Xc6\bdIJ�aea>\1RM_oN��yg,JtjmlmPnRM_oN��

C61

O60
O59

N2

H1 H

N16 C17C3

chaîne alkyle 1 chaîne alkyle 2

UB3LYP/6-31g(d,p) UB3LYP/3-21g* UFF

[ �zp�LYWZ\D�rqG> �D� �mlm`~N}{6a>\ WXc6\I] _fLYa>c6WXJMN}c � �E� T ( \6_ �^_oN}\IW}RMd4N��zJ�_ R7=M\6d ]z\sWZRMP��zdtRM]'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
]^\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 B:[�q3> � BOq

& �^\I_%vfLY\b] R9aeJ�]zc6dILY]^\	�E� T ( dIJ�ae[�J�W~N}\�LO_%`Z\6LO]�p�WZJMLY[V\Iae\I_oNHRMWXJ�aDRuN��^vfLY\�$f] R�`~NARMT��z]��z`}RUN��^J�_
[nRMW1PYcI]^JmdtRM]
�^`ZRUN��zJ�_ PY\:g~�rq � 6MdtRU] q aeJ�] 0 � L 3 \(RMTO]^\tRUL�[?q�� � [�qV> � B658$ d6RM]^dILY]?�EMw\6`XN9d6JMae[nRUW}RMTY]z\X0
d6\I]^]z\�PY\ ]^Rea>J�]^cId6LY]z\9["%Yc6_YJtjOR ) �^_Y\ vfL��K[YWZcI`Z\I_fNZ\�] Rea>\ �z]^]z\6LYW"PYcI]^JmdtRM]
�^`}RuN��^JM_��ng � qO>c6UdtRM] qxa>J�] 0 �
3 \(RMTO]^\tRUL �mq1��A:[�q`B��65 q
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| \6`Q`ZLYW+& RMd6\I`QPb) �z`ZJUgiPY\6_Y`�zNZc�3 \KRMTY]^\6RML�[?q��E� [�q3> � B65 �^]z]^LY`~N}WZ\I_oNHd6\4NZN}\�T�J�_Y_Y\1PYcI]^JmdtRM]
�^`}RuN��^JM_ �
(�\6_Y`�zNZc�PO\�`X[��^_sWZc6RMdIN��O& (�\I_Y`��hN}c1PY\1`Z[��z_D\�

\KRMTY]^\6RMLZ�rq! o�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>\ 0�dIJ�LYd�%Y\ �^_oNZ\6WZa>c6P	� R��zWZ\�WXc6PYL	�zN}\ ! N}W��
�^`XJ�[YWZ{I_Y\w[�\6WZJtjmlm]^c

�b_ J�TON��^\I_fNQLY_O\�\6_oN�%nRM]^[	�^\1]��zTYWZ\wP3)xRMd4N��O=URUN��^J�_�PY\2+ �.-/  > �rq BX6MdtRU] q aeJ�] 0 � 3 \KRMTY]z\tRML �rq! �
[�qv>IAE�65 q

\K\IWZa>\wc6_Y\IWZp�c4N��^vfLY\�\6_�%nRMW~N}WX\6\ L 6UdtRM] qxa>J�] 0 � M WXctRMd4N��G& \�
���	<+��� g �E��AOqG>IA��/�"��Hk> �( g~�E��ArqRAEB � AEBEB

�?J�WXWZ\6d4N��zJ�_Y`'N�%O\6WZa �^vfLY\I`0 � AOqRB���� ��H�� AOqRB��"����AEA
�  g~� � BrqO> �(�cB(� > g~� � BrqO>*�" ���BEB

L,+ �.-/  M L �rq B M
\KRMTY]^\6RMLk�mq� � � �$_Y\IWZp��z\ Pb)SRMd4N��G=MRuN��^JM_>PO\�] R1[YWX\6a �^{6WX\"WZctRUdIN��zJ�_>`ZLYW ]^\Q`Xlm`XNZ{6a>\��E� T ( 09d6JMLYd�%Y\
�^_oNZ\6WZa>c6P	� R��zWZ\�WXc6PYL	�zN}\ ! N}W��
�^`XJ�[YWZ{I_Y\w[�\6WZJtjmlm]^c
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fCg��g+h�� ' y@p!uvw ldp!n fKf]� � r �Knvw~p+n � ubj � ��p ��w ��w p!y �	n�� 
vzdn �-n3s y��	��p!u

N2

H1 H

N16 C17C3

O60
O59

C61

chaîne alkyle 1 chaîne alkyle 2

UB3LYP/6-31g(d,p) UB3LYP/3-21g* UFF

[ �zp�LYWZ\ �rqG> � ���flr`~N}{Iae\ WZc6\I] _mLOaecIWZJMNZc �-�E� T ( \6_ �z_oN}\6WZRMdIN��^J�_ R7=�\Id�]^\�WZRMP��^d6RM] a>cIN�%flm]yg
dIlmdI]^JE%Y\7jr{6_Y\�[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[?qG>IA [�qv>I��AOq

T RMW WZRM[Y[�J�WXN RML�`Xlm`~N}{6a>\d�E� T ( ! N}W��
�^`XJ�[YWZ{I_Y\H[�\6WZJtjmlm]^c93 \(RMTO]^\tRULe[?q�� � [�qa> � B�58$M]^\H`Xlm`~N}{6a>\
�E� T ( ! aec4N�%olm]hgidIlmd6]zJE%Y\4jr{I_Y\ [�\6WXJtjrlm]zc�3 \(RUTY]^\6RMLe[ q1��B1[�qa> ��A�5 \6`~N?PYcI`XN}RMT��^]
�^`XcH[nRMW �^_oN}\IW}RMd4N��^JM_
`XNZc6W�^vfLY\:PY\PArq!�k6UdtRM] qxa>J�] 0 � L [nRMW~N��z\ �d[][VM4q T RMWwdIJ�_oN}WX\�$�]*)xcI_Y\6WXp��^\9P3)SRUWZW}RUd�%nRMp�\ PO\X? � \6`~N��zaecI\
[nRMW &' �|�^ T \I`XN?RMTnR��z`Z`ZcI\ PO\Qg�>MqRB�6Md6RM] q a>J�]�0 � \6_eW}R��z`ZJ�_>P3) LY_Y\�`~NARMT	�^]��z`}RUN��^J�_�[nRMW PYc6]zJrd6RM]��z`}RUN��^J�_
c6]z\6d4N}WZJM_��^vfLY\>[Y]^LO` �zae[�J�WXN}RM_oN}\:PY\�g!AOq#��6MdtRU] q aeJ�] 0 � L dtRU]^d6LO] ��M4q � ]zJ�TnRM]z\6a>\6_oN7$ ]8) c6dtRUWXN�c6_Y\IWZp�c7g
N��zvfLY\-�Y�<+��� L \�fg,WXctRMd4N��G&�M?\I`XN �^_"& cIW��z\6LYWHPY\bg�>�q �/6UdtRM] qxa>J�] 0 � q
|V)x\I_fN�%nRM]z[��^\ ]
�^TYWX\ P3)xRMdIN��O=URUN��zJ�_ J�TrN}\6_fLY\�R7=�\Id ]z\ a>cIN�%olm]hgidIlmd6]zJE%Y\7jO{I_Y\ ��+ �.-/  > �rq �

6Md6RM] q a>J�] 0 � 3 \KRMTY]^\6RML~�rq! ���[�q�>IAEH65b\6`~N�_Y\INXN}\Iae\I_fN �z_"& c6W�^\6LOWZ\F0 d6\I]^]z\ J�TONZ\6_fLY\ R7=�\6d ]^\�N}W��
�hg
`ZJM[YWZ{I_Y\ ��+ � -/  > �mqRBP6Md6RM] q a>J�] 0 � 3 \(RUTY]^\6RMLD�rq� � [ qv>IA��65 q

\K\IWZa>\1c6_Y\IWZp�c4N��^vfLY\1\I_D%nRUWXN}WX\6\ L 6UdtRM] qxa>J�] 0 � M WXctRMd4N��G& \�
���	<+��� g~�E��ArqO>:�(����Ao� g �E��AOqG>E>� >*�� 

�?J�WXWZ\IdIN��zJ�_Y`HN�%O\6WZa �^vfLY\I`�0 � AOq ��A" �E��H Arq � B�H �  ��
�  g~� � Brq!� >7H � � � g � � BOq#� >*�:�;>E>

L,+ � -/  M L �rq � M
\KRMTY]^\6RMLk�mq� ��	� �$_Y\IWZp��z\ Pb)SRMd4N��G=MRuN��^JM_>PO\�] R1[YWX\6a �^{6WX\"WZctRUdIN��zJ�_>`ZLYW ]^\Q`Xlm`XNZ{6a>\��E� T ( 09d6JMLYd�%Y\
�^_oNZ\6WZa>c6P	� R��zWZ\�WXc6PYL	�zN}\ !�aec4N�%olm]hg,d4lmd6]^J�%Y\4jr{6_O\9[�\6WXJkjmlm]^c
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fCg��g+hKh ' y@p!uvw ldp!nqm	x � �duvz �'p�� mdx!r � x+z	n � �-y �;x j;x!yKz h r��Knvw p+n j�s x!x �;y��	s 
vzdn
�/n3s"y �	�'p+u

|;R"a>J�]zc6d6LO]^\(P	�^[ %YcI_olr]yg,P��^RMa �^_Y\CL*�Hg,a>cIN�%olm]hg1�"gi[ %Yc6_olm]hgiTV\I_ ) {I_Y\4g�>E$#�Ug,P��^RMa �^_Y\7Mn[�J�`X`Z{6PO\ PO\6Lrjp�WXJ�LY[�\6a>\6_oN}`QRMa �^_Y\I`'`Z\Id6J�_OPnR��^WX\6`QP��^`~N��z_YdINZ`��

N2

H1

N15

H

C16H3

C32

O31
O30

position 1

phényle 1 phényle 2 position 2

UB3LYP/6-31g(d,p)

UB3LYP/3-21g*

UFF

[ �zp�LYWZ\/�rqG> �P� �flr`~N}{Iae\ WXc6\I] _fLYa>c6WZJUN}c ��P��^["%Yc6_olm]hgiP�� RMa �^_O\eL [VJM`��zN��^J�_ > M"\6_ �^_oNZ\6W}RUdIN��zJ�_ R7=M\6d
]^\wWZRMP��zdtRM] NZW��
�^`ZJM[YWZ{I_Y\b[�\6WZJtjmlm]^c1\6_�[VJM`��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[?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

d6LO]^\ �ETKT (�vfL�� _Y\1P��GW {IWZ\1vfLY\1[nRMWH]^R�d�%YR�� _Y\1RU] 6olm]^\w\6_s[�J�`��hN��^JM_ �rqT RUW>WZRM[Y[�J�WXN>RUL `~lr`~N}{Iae\ �ETKT ( [�J�`��hN��zJ�_ > ! N}W���^`XJ�[YWX{6_Y\%[�\6WXJkjmlm]^c 3 \(RUTY]^\6RML [ qRH2[�q�> �  �58$
]^\�`Xlm`XNZ{6a>\eP��z[ %YcI_flm]yg,P��^RMa �z_Y\�[VJ�`�zN��^J�_ > ! N}W��
�^`XJ�[YWZ{I_Y\ [�\6WXJkjmlm]^c 3 \KRMTY]^\6RML�[?q! ��D[�q9> ��>�5$\6`~N
`XN}RMT��z]��^`Xc�[YRMW �^_oNZ\6W}RUdIN��zJ�_�`~N}c6W�^vfLY\ PO\ g � q! �6Md6RM] q a>J�] 0 � L [nRMW~N��z\ �d[][VM4q (�\2a.76a>\�$ ]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\Qg�>�qG>	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 HP6MdtRU] q aeJ�] 0 � q
(�\ILrjsaeJM]^c6dILY]^\I`HR7=�\Id9PY\I`"\�WV\IN}`"cI]^\6d4N}WXJ�_��^vfLY\I`"d6J�a>[nRMWZRMTY]^\I`H[V\IL"=�\I_oNbR��z_Y`�� aeJ�_oNZWZ\6WHPO\6`"TnRMW g
W��z{6WX\6`�P3)xRMdIN��O=URUN��zJ�_�N}WX{6`sP��OWVc6WX\6_oN}\I`Z� + � -/  > �YqRH 6UdtRM] qxa>J�] 0 � [�J�LYW%]^R�P	�^[ %YcI_olr]yg,P��^RMa �^_Y\
3 \(RMTO]^\tRUL �rq! EB:[�qv>E>7A�5 \IN + �.-/  > Brq �c6Md6RM] q a>J�]�0 � [�J�LYW"]^\ ��T@T ( 3 \KRMTY]z\tRML �rq��E� [�q`BEB�5 q �?\6d �
�^]z]^LY`~N}WX\bT��^\I_�]8)��^a>[VJ�W~NARM_Od6\�PO\�]^R:[YW��z`Z\w\6_sd6JMae[ONZ\wPY\6`Q\�WV\INZ`"`XN}cIW��zvmLO\6`6q
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| \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\
[YW�^_Yd �^[nRM]z\6a>\6_oN `ZLYWH]z\bdIlmd6]z\wRMWXJ�aDRuN��^vfLY\ `��hN}LYcb\I_oN}WZ\w]z\6`'PO\6LrjsR ) JMNZ\6` 3 \(RUTY]^\6RMLN[?q! " [�qb>I�;>�5 �

(�\I_Y`��hN}c1PY\1`Z[	�^_�WZc6RMdIN��O& (�\I_Y`��hN}c1PY\1`Z[��z_D\�

\KRMTY]^\6RMLZ�rq! EHQ�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>\�P��^[ %Oc6_olm]hg,P	� RMa �^_Y\cL [�J�`��hN��zJ�_ > M !�NZW��
�^`ZJM[YWZ{I_Y\w[V\IWZJtjmlm]^c

<,]�& RMLONs_YJMNZ\6W�vfLY\ ]z\6`sd6J�WXWZ\IdIN��zJ�_Y`%N�%O\6WZa �^vfLY\I`�`ZJ�_oN RMLY`Z`� �^a>[VJ�W~NARM_oNZ\6`�[VJMLYW�]8) cINARuN�PY\
N}WZRM_Y`�zN��zJ�_>vmLO\�[�J�LYW ]^\"WZc6RMdIN��O&@L ] R1P��OWVc6WX\6_YdI\bRUNXN}\6_OPYLY\�\I`XN?d6J�a>[V\I_Y`ZcI\�[nRUW ]z\6` RMLON}WX\6` _��O=M\tRMLrj
= �^TYWZRUN��zJ�_Y_Y\I]^`�M�$OdI\1vmL	� _3)x\I`XN [nRM`"]^\wd6RM`"[VJMLYWH]^\I`Qa>J�]zc6d6LO]^\6`?[YWZcId6c6PO\6_oN}\I`6q

\K\IWZa>\1c6_Y\IWZp�c4N��^vfLY\1\I_D%nRUWXN}WX\6\ L 6UdtRM] qxa>J�] 0 � M WXctRMd4N��G& \�
���	<+��� g+� � >MqO> �(�� (�"� g!� � >�qG>*�"�P�( ��

�?J�WXWZ\IdIN��zJ�_Y`HN�%O\6WZa �^vfLY\I`�0 � AOq � �"����A � Arq � �(�� EB">
�  g+� � Arq �"��BPB" EH g!� � AOqS�"�"�2 (� >

L,+ � -/  M L �Yq H M
\KRMTY]^\6RMLq�rq� �B � �$_Y\6WXp��^\ P3)xRMdIN��O=URUN��zJ�_ PY\ ] R [YWZ\Ia �z{6WX\ WXctRMd4N��zJ�_ `XLYWs]^\ `Xlm`XNZ{6a>\�P��z[ %YcI_flm]yg
P��^RMa �z_Y\PL [VJM`��zN��^J�_ > M ! N}W���^`XJ�[YWX{6_Y\b[�\6WXJtjrlm]zc
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fCg��g+h A ' y@p!uvw ldp!n m	x � �duvz �'p�� mdx!r � x+z	n � �-y �;x j;x!yKz h r��Knvw p+n � ubj�� ��p �
w ��w p+y��	n�� 
vzdn �-n3s y��	��p!u

N2

H1

N15

H

C16H3

O31
O30

C32

position 1

phényle 1 phényle 2

position 2

UB3LYP/6-31g(d,p)

UB3LYP/3-21g*

UFF

[ �zp�LYWZ\/�rqG>IHX� �flr`~N}{Iae\ WXc6\I] _fLYa>c6WZJUN}c ��P��^["%Yc6_olm]hgiP�� RMa �^_O\eL [VJM`��zN��^J�_ > M"\6_ �^_oNZ\6W}RUdIN��zJ�_ R7=M\6d
]^\wWZRMP��zdtRM]�a>cIN�%olr]yg,d4lrdI]^JE%O\4jr{6_Y\1[�\6WXJkjmlm]^c1\I_�[�J�`��hN��zJ�_  
| \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[?qG>:��[�qv>I�"�rq

T RMW WZRM[Y[�J�WXN RML1`Xlm`XNZ{6a>\ P	�^[ %YcI_olr]yg,P��^RMa �^_Y\/[VJM`��zN��^J�_/>�!�N}W���z`ZJ�[YWX{6_Y\([V\IWZJtjmlr]zc 3 \KRMTY]z\tRML�[?q! ��
[�qE>I�;>�5*$6]^\(`Xlm`XNZ{6a>\ P	�^[ %YcI_olr]yg,P��^RMa �^_Y\/[VJM`��zN��^J�_/> ! a>cIN�%olm]hgidIlmd6]zJE%Y\7jO{I_Y\ [V\IWZJtjmlm]^c 3 \(RMTO]^\tRULY[?q� ��
[�q > �"�65K\6`~NwPYc6`~NARMT	�^]��z`Zc�[nRMW �^_oN}\IW}RMd4N��^JM_ `XNZc6W��zvfLY\ PY\Q>MqRHe6UdtRM] qxa>J�] 0 � L [YRMWXN��^\ �	[9[VM7qV|V) c6_Y\IWZp��z\
P3)xRMWZWZRMd�%nRMpM\ PY\P? ��\6`XN��^a>c6\9[nRMW &' M|_^ T \6`~Nw]^cIp�{6WX\6a>\6_oN1RMTYR��^`X`Zc6\�PY\9g!Arq� e6UdtRM] qxa>J�] 0 � \6_2WZR��hg
`ZJM_sPb)xLY_O\w`XNARUT��^]
�^`}RuN��^JM_e[nRUW'PYc6]zJrd6RM]��z`}RUN��^J�_>c6]z\6d4N}WZJM_��^vfLY\b[O]^LY` �zae[�J�W~NARM_oN}\ PY\�g!Arq �-6UdtRM] qxa>J�] 0 �
L d6RM]^dILY]��EM7q � ]^J�TnRU]^\6a>\6_oN�$?]8) c6d6RMWXN�cI_Y\6WXp�cIN��^vfLY\Z���	<+��� L \�fgiWZctRUdIN��G&�M>\6`XNs`XLY[VcIW��z\6LYW�PY\�>�qS�
6Md6RM] q a>J�] 0 � q

T RMW�d6JM_fNZWZ\�$]0�dtRMLO`Z\DPO\6`�d6J�WXWZ\6d4N��zJ�_Y`1N�%Y\IWZa �^vfLY\6`�$;]8) \6_oN�%nRU]^[��z\:]��^TOWZ\:P3)xRMdIN��O=URUN��^J�_ PnRM_O`9]z\
dtRU`HPYL%aec4N�%olm]hgidIlmd6]zJE%Y\4jr{I_Y\X��+ � -/  �> �Yq1��6MdtRU] q aeJ�] 0 � 3 \(RMTO]^\tRUL��rq!�EA [�qb>E>�>�5�\I`XN �^_;& c6W��z\6LYWC0
d6\I]^]z\wPYLsNZW��
�^`ZJM[YWZ{I_Y\c� + � -/  > �Yq H 6UdtRM] qxa>J�] 0 � 3 \KRMTY]z\tRMLD�rq! EB:[�qv>E>IA65 q

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

�?J�WXWZ\IdIN��zJ�_Y`HN�%O\6WZa �^vfLY\I`�0 � AOq� E��A � �f� Arq� � �%� � �
�  g+� � ArqRHEA�APA��"� g!� � AOqR��B" � " EH

L,+ � -/  M L �Yq�� M
\KRMTY]^\6RMLq�rq!�EA � �$_Y\6WXp��^\ P3)xRMdIN��O=URUN��zJ�_ PY\ ] R [YWZ\Ia �z{6WX\ WXctRMd4N��zJ�_ `XLYWs]^\ `Xlm`XNZ{6a>\�P��z[ %YcI_flm]yg
P��^RMa �z_Y\PL [VJM`��zN��^J�_ > M !�aec4N�%olm]hgidIlmd6]zJE%Y\4jr{I_Y\1[V\IWZJtjmlr]zc
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fCg��g+h � ' y@p!uvw ldp!nqm	x � �duvz �'p�� mdx!r � x+z	n � �-y �;x j;x!yKz A r��Knvw p+n j�s x!x �;y��	s 
vzdn
�/n3s"y �	�'p+u

N10

H

N2

H1

C3H3

C32

O31

O30

UFF

UB3LYP/6-31g(d,p)

UB3LYP/3-21g*

position 1phényle 1 phényle 2
position 2

[ �zp�LYWZ\/�rqG>IBX� �flr`~N}{Iae\ WXc6\I] _fLYa>c6WZJUN}c ��P��^["%Yc6_olm]hgiP�� RMa �^_O\eL [VJM`��zN��^J�_ � M"\6_ �^_oNZ\6W}RUdIN��zJ�_ R7=M\6d
]^\wWZRMP��zdtRM] NZW��
�^`ZJM[YWZ{I_Y\b[�\6WZJtjmlm]^c1\6_�[VJM`��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[?qG>� [�qv>I�( Oq

T RMW WZRM[Y[�J�WXN RML1`Xlm`XNZ{6a>\ P	�^[ %YcI_olr]yg,P��^RMa �^_Y\/[VJM`��zN��^J�_/>�!�N}W���z`ZJ�[YWX{6_Y\([V\IWZJtjmlr]zc 3 \KRMTY]z\tRML�[?q! ��
[�qY> �;> 58$H]z\ `~lm`XN}{Iae\ P��^["%Yc6_olm]hgiP�� RMa �^_O\2[VJ�`�zN��^J�_ � ! N}W��
�^`XJ�[YWZ{I_Y\2[�\6WZJtjmlm]^c 3 \KRMTY]z\tRML~[?q! EH
[�q3>I�( �5 \I`XNQPYc6`~NARMT	�^]��z`Zcb[YRMW �^_oN}\IW}RMd4N��zJ�_%`XNZc6W��zvfLY\1PY\P>�q BX6UdtRM] qxa>J�] 0 � L [nRUWXN��z\ �d[9[9M4q ( \�a.76a>\�$
]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�_
P3) LY_Y\2`~NARMT��z]��z`}RUN��^J�_�[nRMWePYc6]zJrd6RM]��z`}RUN��^J�_�c6]z\6d4N}WZJM_��^vfLY\�aeJ��z_Y` �zae[�J�W~NARM_oN}\sPY\ �mqO> 6UdtRM] qxa>J�] 0 �
L d6RM]^dILY]��EM7q � ]^J�TnRU]^\6a>\6_oN�$?]8) c6d6RMWXN�cI_Y\6WXp�cIN��^vfLY\Z���	<+��� L \�fgiWZctRUdIN��G&�M>\6`XNs`XLY[VcIW��z\6LYW�PY\ �rq H
6Md6RM] q a>J�]�0 � q
| \6` `XLYW2& RMdI\6` Pb) �z`ZJUgiPY\6_Y`�zNZc'RUNZJ�a �zvfLY\ PO\?`Z[	�^_ `XJ�_oN [YWXc6`Z\I_oN}c6\I` PnRM_Y` ]z\ \KRMTY]z\tRMLP�rq!�">?[�q�>E>:�;$

]^\I`'=URM]^\ILYWZ`"d6JMWZWZ\I`Z[�J�_YPnRU_fNZ\6` RM[Y[nRUW}R��z`Z`Z\I_oN PYRM_Y`"]^\�\KRMTY]z\tRML�[?q! EB:[�qv> �( Q�

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

\KRMTY]^\6RMLZ�rq#� >P�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>\�P��^[ %Oc6_olm]hg,P	� RMa �^_Y\cL [�J�`��hN��zJ�_ � M !�NZW��
�^`ZJM[YWZ{I_Y\w[V\IWZJtjmlm]^c
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�b_ JMTON��z\6_oN�PYJ�_Yd LY_O\2\6_oN�%nRU]^[��z\2]��^TOWZ\ Pb)SRMd4N��G=MRuN��^JM_�[VJMLYW%] R [�J�`��hN��zJ�_ � + � -/  > �rq B
6Md6RM] q a>J�] 0 � 3 \KRMTY]z\tRML �rq!��� [�q>E>� �5Q[Y]zLY` �zae[�J�W~NARM_oN}\�vfLY\ dI\6]z]^\sPY\ ]^R [�J�`��hN��^JM_ > + � -/  >
�Yq H 6MdtRU] q aeJ�] 0 � 3 \(RMTO]^\tRULq�mq� EB [ q4>E>IA�5 q��b_ \6_ d6JM_Yd6]zLON�vfLY\2] R [�J�`��hN��zJ�_o> \6`~N�]^R�[�J�`��hN��^JM_
[YWXc�& c6WX\6_oN��z\6]z]^\wP3)xRMWZWZRMd�%nRMpM\�PO\-? � PnRM_Y`"]^\wd6RM`"PYL�N}W��
�^`XJ�[YWZ{I_Y\w[�\6WZJtjmlm]^cUq

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

�?J�WXWZ\IdIN��zJ�_Y`HN�%O\6WZa �^vfLY\I`�0 � AOq � �������_� Arq � ��>YAEBEA
�  g+� � Arq �"��HQ>IA(� g!� � AOqS�;> ������ 

L,+ �.-/  M L �rq B M
\KRMTY]^\6RMLq�rq!����� �$_Y\6WXp��^\ P3)xRMdIN��O=URUN��zJ�_ PY\ ] R [YWZ\Ia �z{6WX\ WXctRMd4N��zJ�_ `XLYWs]^\ `Xlm`XNZ{6a>\�P��z[ %YcI_flm]yg
P��^RMa �z_Y\PL [VJM`��zN��^J�_ � M ! N}W���^`XJ�[YWX{6_Y\b[�\6WXJtjrlm]zc

� RM]zp�WZc"] Rwp�WZRM_YPY\Q`��za �z]��hN}LYPY\ `XNZWZLYd4N}LYWZRM]^\Q\6_oN}WX\ ]^RwP��^[ %Oc6_olm]hg,P	� RMa �^_Y\?\IN ] R �ETKT (tL ]^R1`X\6LY]z\
P��GW cIWZ\6_Od6\H\6`~N ]8)��^a>[VJMWXNARU_Yd6\ PY\H] R d�%nR�� _O\"RM] 6olm]^\ \6_�[VJM`��zN��^J�_%�EM�$UJ�_:J�TY`X\6W2=M\ LO_:d6J�a>[VJMWXN}\Iae\I_oN
J�[Y[�J�`XcMq`�$_�\�W \4N7$n[�J�LYWH]^R ��T@T (/$n]^R:[VJ�`�zN��^J�_ [OWZc�& cIWZ\I_fN��^\I]^]^\w\I`XNQ] R:[�J�`��hN��zJ�_ �rq
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H
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