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C101
¾RÊ
C102

¿rÇNÏ4Ê.Æ�¾_¿c¸�Ï;¿|Êa».Ïk¼K¾_¿�ÆkÌ,ÄNºH»�À�¾
C
Í

Ù,ÚÜÛ;Ú>ÝOÞNß_àNáRâ^ã�äCâlå>æjç�ÞNß'è�äCå>éjÞ�ß

%'&toq5C@R()&
At ome

+>\6oqGI<�Ga7�+>&t()@6<�GPf65C&tQ,\6<>\R5HG0?.-A&t/0&.:�3>5C*>3>5HG0\K7�\.:9JN*>(t(�-,<>&;:�}�7�*�-�:�/0&;:
@27�*�(E&.:)�8oqGIQ�-,5C&dê��KYÃ%'&i3>5C&6(tG0&R5t@27q7B5�Gau�->7�x

numer o- at omi que
xc3,*�:r:CfN+>&�+>&2->1 oB@NJN&27q7�&;:

+>&�7qek3,@6Q,&�?.-,GLG�<4+�G0?.-A&6<.7ë?.-A&�/0&�<.-,()\R5C*ì@K7�*�(tGP?.-A&�&.:87#-,<í&6<.7BGP&65
@63>3,@65B7�&6<>@6<;7î}
/0p G�<.7�&65B`,@6/�/P&

[ 1,  103]
Y.%'@s()@.:r:C&U@27�*>(tG0?.-A&s&.:B7h-,<O<>*>(�u>5C&�5]\N&6/,JN*>(t3>5HG^:m&6<.7B5C&sï)&27�ð,�>ï�Y

%'@dJ6�>@R5HQ,&d&.:B7s-,<>&w`�@6/0&2-,5)@R3>3,@6587�&6<4@6<.7O@2-î+>*>()@6GI<>&
[ - 3 - 2 - 1 0 1 2 3] ñ 3,@65



�

+>\6oB@2->7�xh/Pp @K7�*�()&)@�-,<>&)J6�4@65HQ,&t<.-,/I/0&�Y�%'@�`,@R/0&6<>J�&��{3,&2->7c3>5]&6<>+�5C&s-,<>&�`�@6/0&2-,5�&R<.7BG0f65]&t@6/�/0@R<.7
+>&��O})��Y�%'&.:

v i c i nal es
:C*><.7c/0&.:'/�G0@6Gl:C*><F:�@�+_vC@NJN&6<;7�&.:�}U/0p @27�*�(E&�Y�%'@D:C@27q-,5]@27BG0*><i&.:B7�-,<

&6<.7BG0&R5�?.-,G�G�<4+�G0?.-A&t/0&t<>*>(�u>5]&D+>&t/�GP@6G^:C*><F:s:�G�(t3>/0&;:9?.-A&E/Pp @K7�*�()&U3,&2->7'&6<>J�*�5C&UoB*�5H(E&65�@2`�&NJ
+>p @K->7B5C&.:O@27�*>()&.: ñ &6/�/P&i+>\63,&6<>+L+>&�/0@iJR�>@65HQ,&i+>&�/Pp @K7�*�()&�x�+>&j:]@D`,@6/0&R<>JN&Nxc&27�+>&.:s/IG0@6G^:]*�<,:@N+_vC@NJN&R<.7�&.:g}�/0p @27�*>()&�Y��n@65M+>\6oB@K->7�x�-,<X@27�*>()&d<>&d3,*�:_:Cf�+>&�@K-AJ2-,<y`,*>G^:HGI<X*4-ë@27�*>()&d/�G0\�Y
%'p @K7q7B5HGau�->7

el ect r ons
JN*><.7BG0&R<.7)/0@#:87B58-AJK7q-,5C&y\6/P&NJ27B5C*><�G0?.-A& +>&�/0p @27�*>()&Nxs+>\�J65HGa7�&L3,@65)/0&

<>*>(�+.-gQ,@���5]@65C&U?.-,GF3>5C\�JNfN+>&s/0p @27�*�(E&�+>@6<,:c/0&�7�@Ku>/0&N@K-i3,\65HGP*F+�G0?.-A&U+>&.:'\6/0\R()&6<.7C:'&27n3,@65c/0&
7qe�3,&i+>&;:U\6/0&NJK7B5C*�<,:s3,\65HGI3>�>\65HGP?.-A&.:KY�%'@�JN*><�oqGIQ�-,5C@27BG0*><d+>p -,<L:87�\65]\N*FJ�&6<.7B5C&
	t&.:B7�-,<=\6/0\6()&R<.7
+.-�+>*>()@6G�<4&

[ NI L R S] ñ /P@î`�@6/0&2-,5L3,&2->7b�27B5C&
*�u�7�&6<;-A&�3,@65L/0&�5C\6oq/0&21�&�:HG��Üu,&.:]*�GI<
cal cul - conf i gur at i on

Y�
t<M@27�*>()&�<4p @�3,@R5c+>\6oB@2->7n@2-AJ2-,<4&sJN*�<koqG�Q�-,5C@27BGP*�<AY %'p @27q7B5HG�u�->7
mol ecul e

3>5C\NJRG^:C&�/P&�<>*>(�+>&�/0@U()*�/P\NJ2-,/0&t}U/0@N?.-A&6/�/P&t@63>3,@6587BGP&6<.7c/0p @27�*>()& ñ 3,@65'+>\6oB@2->7�x,G�/<>p @63>3,@6587BGP&6<.79}M@2-AJ2-,<4&E(E*�/0\�J2-,/0&�Y���<koqG�<>x�/0p @27q7B5HGauk->7
st r uct ur e- el ect r oni que

&;:87'/0&
:C\6/0&�J27�&2-,59+>p -,<>&t()\27B�4*F+>&)@63>3,&6/P\N&

cal cul - s t r uct ur e- el ect r oni que
xÃ?.-,G�+>*><�<4&

/0@ë:B7B58-AJ27q-,5C&#\R/0&NJ27B5C*><�GP?.-A&#JN*�(O3>/0f27�&#+>&y/0p @27�*>()&�Y�%'&.:i<4*47BG0*><F:w@.:_:]*FJ6GP\N&.:�@2->1�@27q7B5HGauk->7C:
el ect r ons

&K7
cal cul - s t r uct ur e- el ect r oni que

:C*><.7ë&2143>/�G0J6Ga7�\�&.:~:8-,5
+>&;:
&21,&6(O3>/0&.:c@2-M3,@65]@6Q>5C@63>�4&s��Y

¯�°0±N²4³_´��k¶2Î�¾;ÄNº]»kÀ�¾
Atome

Õ4Ë.Ì;¸>ºC¾lÁÃºC¹_¿_¾_Ï4Ê�¾�Â0¾�À�ÇNÆkÔKÂÅ¾cÆ�¾_¿�»4Ê�Ç;À�¾_¿_Í

�������������������! #" $��%��&('*)%�!�,+-&.���/��'*)10�23�!)%��4
5�)%���6 
�!��57��5(+3'*�6+8��$�4
9:$#�������,+8�(" ��&('*)%��;#�<$
&6;��,2=&(5���5>;#��2@?
	BAC�D+=&(E�23E�'*���B�
&(23�C�,+-&.$��F�B&('*)%�C 
'*��&����,+G��5��,5(+3'*�6+8;�'
+H+JI� 
����&K$#���C'*235�����&(��&(5�'*�%;��,2=&(5��@$��75�I�23�C ��,�6+G�(" ��+=;#������L

+3����'*�%���<&7&(�!'*235�����&��B&(5�'*�NM����C��'*��OP5�Q*$�23��&(5�'*�% :$R+-&(E�23E�'*������&(23�!�,+=&. �5>&���ST'�$VU6?

 
 ( At ome 
 ( est - un Obj et - I deal )  
 ( numer o- at omi que ( $un ent i er )  
     ( $i nt er val l e [ 1 103] ) )  
 ( masse- at omi que  ( $un r eel )  
     ( $i nt er val l e [ 0 260] ) )  
 ( char ge ( $domai ne [ - 3 - 2 - 1 0 1 2 3] )  
   ( $def aut  0) )  
 ( val ence ( $domai ne [ 1 2 3 4 5 6] ) )  
 ( v i c i nal es ( $des Li ai son)  
    ( $def aut  NI L) )  
 ( sat ur at i on ( $s i - besoi n cal cul - sat ur at i on) )  
 ( voi s i ns ( $des At ome)  
   ( $s i - aj out  suppr i me- sat ur at i on)  
   ( $s i - enl eve suppr i me- sat ur at i on)  
   ( $def aut  NI L) )  
 ( él ect r ons ( $def aut  NI L) )  
 ( conf i gur at i on ( $s i - besoi n cal cul - conf i gur at i on)  
    ( $domai ne ( NI L R S) )  
    ( $def aut  NI L) )  
 ( mol ecul e ( $un Mol ecul e)  
   ( $def aut  NI L) )  
 ( s t r uct ur e- el ect r oni que 
   ( $met hode cal cul - s t r uct ur e- el ect r oni que) ) )  
 



�

%'@�oqG�Q�-,5]&��$3>5C\.:]&6<.7�& -,<4& :H3,\NJRG0@6/�G^:]@27BG0*><�+.-$oq5C@R()&
At ome

xd/0& oq5C@R()&
O,

?.-,G
5C&63>5C\.:]&6<.7�&i/0p @27�*>()&�+>p *�1�ekQ,f6<4&�Yh�E&.:UoB@NJN&27q7�&;:t+>&�`,@R/0&2-,5O*�<;7s\K7�\i@.:_:]*FJ6GP\N&.:U@2->1�@27q7B5HGauk->7C:
?.-,G>3,@6587BG0J2-,/P@65HG^:]&6<.7�/0p @27�*>()&s+>p *41kekQ,f6<>&�Y

¯�°0±N²>³_´���¶KÎÃ¾ Ä ºH»kÀ�¾
O
Ë;Ì;¸>ºÓ¾lÁÃºC¹_¿r¾_Ï4ÊP¾'ÂÓÑ »4Ê�Ç;À�¾�Æ�Ñ Ç6Ò����>Ô_Ïk¾KÍ

�Ep -,<j3,*>G�<;79+>&E`k-A&D3>5C@27BGP?.-A&NxÃG�/�&K1>G^:B7�&�+>&2->1=3,*�:r:HGau4G�/�Ga7�\;:�3,*4-,59JN@6/PJ2-,/0&65�/0@�`,@R/0&2-,59+>p -,<
@27q7B5HGauk->7
	F-,<�5C\6oq/0&21�&w:�G(�Üu,&;:C*>G�<d?.-,Gn@27q7�@NJ6�4&E-,<4&E`,@R/0&2-,5s})/0p @27q7B5HGauk->79+>f.:�?.-Ap G�/�&6<=@)JN@6/0JK-,/0\
-,<>&��|x'-,<4&j()\27B�4*F+>&=?.-,G�JN@R/0J2-,/0&d:8e,:87�\R()@27BG0?.-A&6(E&6<.7�/0@g`�@6/0&2-,5|Y�
t<L5C\Roq/0&21,&d:HG��Üu,&.:]*�GI<y&;:87
3>5C\6oB\65C@Ku>/0&j/P*�5_:]?.-A&j/0@joq5]\N?.-A&6<>J�&d+>p @NJNJNf.:E}j/0@w`�@6/0&2-,5E+>&j/0p @27q7B5HGauk->7O&.:87O\R/0&2`,\�&d&27O?.-A&i/0@
`,@6/0&K-,5t+>&i/0p @27q7B5HGauk->7s<4&g`�@65HG0&i3,@.:U@2`�&NJ�/0&D7�&6(O3�:KYG
t<4&�()\27B�>*,+>&i&.:B7�3>/�->7�[47�->7BG�/�Gl:C\N&j:�G�/0&
JN@6/0J2-,/=+>&~/0@�`�@6/0&2-,5î+>&~/0p @27q7B5HGauk->7#<>\�JN&.:_:�Ga7�&�+>&.:X+>*><�<>\�&.:X&21k7�&65H<>&;:#<>*><�@NJNJ�&.:_:�Gau>/0&;:
+�G�5C&NJ27�&R()&6<.7b+>@6<,:L/0p *4u|vC&27bJN*�<4JN&65H<4\Nxw:�G)/0&.: @NJNJ�f.: }�/0@ `,@R/0&2-,5L+>& /Pp @K7q7B5HGau�->7L:]*�<;7�3,&2-
oq5C\N?.-A&6<;7C:s*�- &6<4JN*�5]&w:HG�/0@E`�@6/0&2-,5�+>&D/0p @27q7B5�Gau�->79\K`,*>/a-A&�+>@6<,:�/0&�7�&6(t3�:|Y S G�<,:HG0x�+>@6<F:�/0&)JN@;:
*�
�/0@g`�@6/0&2-,5O+>&i/0p @27q7B5HGauk->7U&.:B7t:C*�->`,&R<.7s(E*F+�G�oqGP\N&Nxm-,<4&�()\27B�>*,+>&j:Cp G�(O3,*�:]&Nx�J�@65�-,<LJN@6/PJ2-,/
:8e,:87�\6(E@27BG0?.-A&�3,&R5H()&27 +>p *�u�7�&6<kG�5#+>&;:�`�@6/0&2-,5_:�JN*><F:B7�@6(t()&6<;7 }�v]*4-,5KY T *�->7�&6oB*�Gl:CxDGI/�&;:87
7�*4-RvC*�-,5_:)3,*�:_:�Gau>/0&L+>p ->7BG�/�Gl:C&65t-,<#5C\6oq/P&21,&y:HG��Üu,&.:]*�GI<>x{(E@6G^:M+>@6<,:)JN&dJ�@.:Cx�G�/�oB@K->7U()&27q7B5C&d&R<
3>/0@NJN&~+>&.:�5C\6oq/0&21�&.:�:�G(�H@8vC*�->7�&27X:HG(��&6<�/0fK`,&�3,*�-,5y()@6GI<.7�&6<kG�5y/0@ JN*>�>\65C&R<>JN& +>&.:�`�@6/0&2-,5r:
G�<.7�&65]+>\63,&6<>+>@R<.7�&.:|Y z p &.:B7c/0&tJN@.:'3,*4-,5'/0p @27q7B5HGauk->7

sat ur at i on
	>/0@�`�@6/0&2-,5�+>&s/0@t:C@27q-,5]@27BG0*><

+>p -,< @27�*>()&X&.:87wJN@6/0JK-,/0\N&#3,@65j/P&y5C\6oq/0&21�& :HG(�qu,&.:]*�G�<
cal cul - sat ur at i on

�H?.-,Gs<4p &;:87
@NJ27BGa`�\i?.-Ap &R<LJN@.:U+>p @2uA:C&6<4JN&�+>&t`,@6/P&2-,5H�KY�Z>GÃ/Pp &R<.`>GI5C*�<k<>&6(E&6<.79+>p -,<=@27�*>()&�&.:B7�()*,+�G�oqG0\)3,@65
@N+_vC*><>J27BG0*><�*�-Ð:B-,3>3>5C&.:_:�G0*><�+>p @K7�*�()&;:d`,*>G^:HG�<,:CxM@6/0*>5_:L/0@ `,@6/P&2-,5 *4uA:C*>/0f27�&
+>& /0p @27q7B5HG�u�->7
sat ur at i on

&.:87�:8-,3>3>5HG�(E\N&�3,@65 /0p G�<.7�&R5H()\N+�G0@RG�5C&�+>&;:y5C\Roq/0&21,&;: :�G(�H@8vC*�->7 &27�:HG(�H&R<�/0f2`�&
@.:_:]*FJ6GP\.:M}d/0p @27q7B5HGauk->7

voi s i ns
YÃ%'@w`,@6/P&2-,5)+>&

sat ur at i on
<4&w`,@65�G0@6<.7U3>5]@27BG0?.-A&6()&R<.7

3,@.:9+>@6<F:�/P&.:9@NJ27BGa`4Ga7�\.:9+>p SUTcV�W V %ë�8/0&.:�(E*�/0\�J2-,/0&.:s:]*�<;7�:B7�@27BG0?.-A&.:��Cx�-,<M5C\6oq/0&21�&D:HG��Üu,&.:]*�GI<
@s+>*�<4Js\27�\�3>5C\6oB\65]\s}{-,<>&�()\27B�4*F+>&kY

Ù,Ú��,Ú>ÝOÞNß_àNáRâ^ã�äCâlå>æjç�ÞNß��^âlè>â^ßrå>æhß

%'&�oq5C@6()&
Li ai son

?.-,GL+>\NJR5HGa7#/P&.:X/�G0@6G^:]*�<,:XG�<.7�&65]@27�*�(OG0?.-A&.:î�H@65C�K7�&.:î+.-�Q>5C@63>�4&
()*�/P\NJ2-,/0@6GI5C&6��3,*�:_:]fN+>&�?.-A@K7B5C&�@27q7B5�Gau�->7C:��8oqG�Q�-,5C&��;�KYF%'p

or dr e � +>&)/0@t/�G0@6Gl:C*><�&.:87c-,<�&6<.7BGP&65

���G�@&�&(�V+=&(23��&(E�Q�5��%�FE<&�ER�, �'�;
&(E��% ��,�6+����������DM�)R�,5(+C���V+=&(23�B&�EBQ
5��%'�;
;�'
+3E���M! V+3�@��'*572C����;�� + � + +3'*��5���2C ��
���,���@$�2" C�(" �B&7&(235 0�$
&PM��,+-&.��'*�����H���@0����*?

� � " '*23 �23�F �" $#��� �75���5(+3'*� �,+-&/��� 23�B�7�B&(5�'*� � ���B�F��� OP'*23���  
� ���@&�&(� �75���5(+3'*�$#��(" '*23 �23�F��+=&&% ;#'�$#2!$����%��57��5(+3'*�
+35�)�;#���,M�' ;�'�$#2�$#������57��5(+3'*�  
'�$ 0������@&)(R;#'�$#2�$#������5��,5(+3'*� &(235 ;����*?�*P�G+H" ��Q
5>&G57�B5� #" $#�V'*23 
23� OP'*23)%����9:$#5
�,+=&6$���� +J57) ;#��5>OP5�����&(5�'*�% ��/���C23E�����5 &(E*?

 
 ( O 
  ( est - un At ome)  
  ( nom ( $val eur  " oxygène" ) )  
  ( numer o- at omi que ( $val eur  8) )  
  ( masse- at omi que ( $val eur  15. 9949) )  
  ( val ence ( $val eur  2) )  
  ( él ect r ons ( $val eur  ( He 2s 2 2p 4) ) ) )  
 



�

\6Q,@6/�} �RxÃðL*�- ê�YF%'&.:
ext r emi t es

+>\.:�G�Q><>&R<.7'/0&.:9@27�*>()&.:s:�Ga7q-A\.:9@2->1=&21k7B5C\6(tG�7�\.:9+>&t/0@
/�G0@6G^:]*�<AY�
t<4&�/�GP@6G^:C*><X<>&�3,&K->7M�27B5C& JN*�<,:87B58-,G�7�&y&6<;7B5C&L+>&2->1î@27�*>()&.:M?.-A&y:HG�/0p *>5C+�5C&L+>&d/0@
/�G0@6G^:]*�<b&.:87�GI<�oB\65HGP&2-,5s})/0@w:]@27q-,5C@27BG0*><=+>&�J6�4@NJ2-,<=+>&.:s@K7�*�()&;:KY z p &.:87�/P&D5C[>/0&�+.-b5C\6oq/0&21�&w:�G(�
3,*�:r:HGau4/0&

l i ai son- possi bl e?
+>&�`,\R5HG�oqG0&65îJN&27q7�&�JN*><.7B5C@RG�<.7�& 	j:HG�/0@�JN*><>+�Ga7BG0*>< +>&

:C@27q-,5C@K7BG0*�<M<>p &.:B7c3,@.:�5C&;:H3,&NJ27�\�&Nx�/0&.:�@K7�*�()&;:�&21k7B5C\6(tGa7�\;:�<>&U3,&2->`,&6<;7c3,@.:��K7B5C&�(tG^:'&6<)3>/0@�JN&
&27s/0@i/�G0@RG^:C*><L<>p &.:87�3,@.:OJ65C\N\�&�Yh%'*>5_:C?.-Ap -,<>&i/�G0@RG^:C*>< &.:87�&6oqoB&NJ27BGa`�&6()&6<;7UJ65]\N\N&Nx�/P&.:O@27q7B5HGauk->7C:
or dr e

&K7
ext r emi t es

:C&t`,*>G0&6<;79@.:_:]*FJRG0&65{-,<4&E`�@6/0&2-,5KYF%'&)5C\6oq/0&K1,&w:�G(�H@8v]*4->7
+met - a-

j our - at omes
@27q7�@NJ6�4\�}

ext r emi t es
&6<;7B5C&s&6<)@�J27BG0*><)@63>5Cf.:n/0p \NJ65HGa7q-,5]&s+>&�/0@{`,@6/P&2-,5c+>&

/0p @27q7B5HGauk->7
	�3,*4-,5UJ6�4@NJ2-,<L+>&;:U@27�*>()&.:U&21k7B5C\6(tG�7�\.:Cx�G�/�()&27�}�vC*�-,5s/0&.:�`,@R/0&2-,5_:�+>&.:�@27q7B5HGauk->7C:
voi s i ns

&27
v i c i nal es

Yt%'&�5C\6oq/0&K1,& :HG��H&6<�/Pf2`,&
- met - a- j our - at omes

@6Q>G�7 +>&
()@6<�GPf65C& :�G�(tG�/0@RG�5C&Nx�@2- ()*>()&6<;7�+>& /P@�:B-,3>3>5C&.:_:�G0*>< +>&�/0@�`,@6/P&2-,5�+>&�/0p @27q7B5HG�u�->7
ext r emi t es

Y��n@65t+>\RoB@2->7�xm/P@�/�G0@6G^:]*�<=<>p @�3,@.:U+>&
st er eochi mi e � x�()@6G^:�/0@D`,@6/P&2-,5U+>&JN&27�@27q7B5HGauk->7�3,&2->7��27B5C&OJN@6/0J2-,/P\N&�3,@65�/P&�5C\6oq/0&K1,&

cal cul - s t er eochi mi e
Y z *>(t()&�3,*�-,5
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At ome

x>/0p @27q7B5HG�u�->7
mol ecul e
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S 3>5]f.:�/0&.:=@27�*>()&.:=&27i/P&.:�/�G0@6G^:]*�<,:Cx�<4*4-�:=@6/I/0*�<,:=+>\NJ65HG�5]& /0&#oq5C@6(E&
Mol ecul e

xt?.-,G
5C&63>5C\.:]&6<.7�&t/0&;:�Q>5C@63>�>&;:�()*�/P\NJ2-,/0@6GI5C&.:9&27�?.-,G�3,&2->7�:]&�`,*>G�59JN*�(O()&�-,<i&R<F:C&R(�u>/0&O+>p @K7�*�()&;:
&27)+>&d/�GP@6G^:C*><F:|Ym%'&doq5C@6(E&

Mol ecul e
3,*�:r:CfN+>&=+>*�<4Jd+>&2->1X@K7q7B5HGau�->7C:E?.-,G�+>\6oqG�<kG^:_:]&6<.7):]@

:87B58-AJ27q-,5]& 	
at omes
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l i ai sons
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at omes
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+met - a- j our - nom

+>*�<;7�/P&Ouk->7�&;:87
+>p \�J65HG�5C&s/0&s<>*>(�+>&�/0@�()*>/0\NJ2-,/P&s+>@6<F:�/Pp @K7q7B5HGau�->7

mol ecul e
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}y/0@y()*>/0\NJ2-,/0&kY�Z>GU*><�:8-,3>3>5HGI()&#+>&.:�@27�*>()&.:w+>@6<F:i/P@y()*�/P\NJ2-,/0&Nxs/0&y5C\Roq/0&21,&
- met - a-

j our - nom
:8-,3>3>5HG�(E&D/0@t`,@6/0&K-,5s+>&D/Pp @K7q7B5HGau�->7

mol ecul e
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 ( Li ai son 
 ( est - un Obj et - I deal )  
 ( or dr e  ( $un ent i er )  
   ( $domai ne [ 1 2 3] ) )  
 ( ext r emi t es  ( $des At ome)  
    ( $s i - poss i bl e l i ai son- possi bl e?)  
    ( $s i - aj out  +met - a- j our - at omes)  
    ( $s i - enl eve - met - a- j our - at omes) )  
 ( s t er eochi mi e  ( $s i - besoi n cal cul - s t er eochi mi e)  
    ( $domai ne [ NI L Z E] )  
    ( $def aut  NI L) )  
 ( mol ecul e  ( $un Mol ecul e)  
    ( $def aut  NI L) ) )  
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@27q7B5HGauk->7C:
cyc l es

x
cyc l es- ar omat i ques

&27
c l asses- de- symet r i e()\6()*>5HG^:]&6<.7�/0&.:�JN@65C@�J27�\65HG^:B7BG0?.-A&.:�J6�kG�(tG0?.-A&.:�+>&�/0@�()*�/P\NJ2-,/0&�YL%'&2-,5_:�`�@6/0&2-,5_:�:C*><.7

JN@6/0J2-,/P\N&.:#3,@65X+>&;:#5C\6oq/0&K1,&.:X:HG(�qu,&.:]*�G�<�?.-,G�3,&R5H()&27q7�&6<;7 +>&�3>5]*FJN\�+>&65#}
/0@����������	��

�	���
���������	�����=+>&�/0@�()*>/0\NJ2-,/P&�Y�%'&;:soB*�<4J27BG0*><F:U+>&�3,&R5CJN&63�7BG0*><LJ6�kG�(tG0?.-A&�3,&R5H()&27q7�&6<;79/0p @6<>@6/�eF:]&
+>&.:U()*�/P\NJ2-,/0&.:O&27�&6<.7B5]&6<.7�&6<)vC&2-#<4*47�@R(t()&6<;7s3,*�-,5tJN*>(t3,@65]&65s/0&.:s(E*�/0\�J2-,/0&.:s3>5]*�3,*�:C\N&;:
3,@65t/0&.:E\27q-A+�G0@6<;7C:)+>@6<,:t/0&;:)&21�&65CJ6G0J�&.:)}d+>&;:�(E*�/0\�J2-,/0&.:O+>&i5C\6oB\65C&R<>JN&�Y�%'&.:UG�<�oB*>5H()@27BGP*�<,:
*4uk7�&6<.-A&.:�/0*�5r:�+>&Ð/0@Ð3,&65CJ�&63�7BG0*><�:C*><.7�\6Q,@6/P&6()&6<;7�<4\NJN&.:r:C@6GI5C&.: 3,*4-,5
`>G^:B-A@6/�G^:]&65�/0&;:
()*�/P\NJ2-,/0&.: +>@R<F:�/0&.: \R<>*><>JN\.: +>&;: &21,&65]J6G0JN&.:]x
&27�JN&�+>@6<,:�/0&;:�+�Ga`�&65_:�(E*F+>&.: +>&
5C&63>5C\.:]&6<.7�@K7BG0*�<E+>&.:�:87B5B-AJ27q-,5C&.:�(E*�/0\�J2-,/0@6G�5]&.:KY

 
 ( Mol ecul e 
 ( est - un Obj et - I deal )  
 ( at omes  ( $des At ome)  
   ( $def aut  NI L) )  
   ( $s i - aj out  +met - a- j our - nom)  
   ( $s i - enl eve - met - a- j our - nom) )  
 ( l i ai sons ( $des Li ai son)  
   ( $def aut  NI L) )  
   ( $s i - aj out  +met - a- j our - nom)  
   ( $s i - enl eve - met - a- j our - nom) )  
 ( cyc l es  ( $s i - besoi n per cept i on- cyc l es) )  
 ( cyc l es- ar omat i ques 
   ( $s i - besoi n per cept i on- ar omat i c i t e) )  
 ( c l asses- de- symet r i e 
   ( $s i - besoi n per cept i on- symet r i e) ) )  
 ¯A°0±N²>³_´��k¶2Î�¾;ÄNºH»kÀ{¾

Molecule
Í

S oqGI<i+>p &21>3>/IG0J6Ga7�&65'/0&.:�5]&6/0@27BG0*><F:�?.-,G�&214G^:87�&6<;7'&6<.7B5]&t@27�*>()&.:Cx,/�G0@6G^:]*�<,:'&27�()*>/0\NJK-,/0&.:Cx,<>*�-�:
@6/�/0*><F:U+>\�J65HG�5C&�/P@iJ65C\N@27BGP*�<=+>p -,<>&DGI<F:87�@R<>JN&M+>&

Mol ecul e
Y z &27q7�&MJ65C\N@K7BG0*�<L:C&M+>\65C*�-,/0&�&R<

7B5C*�Gl:�7�&R(t3�: 	�J65C\N@K7BG0*�< +>&.:O@27�*>()&.:]x�3�-,G^:O+>&.:U/�G0@RG^:C*><F:]x�3�-,G^:O+>&w/P@w()*>/0\NJK-,/0&j&R/�/0&��8(E�6()&�Y
�t*�e4*�<,:�/P&�JN@;:�+>p -,<M&21�&6(t3>/0&t:HG�(O3>/0& 	.-,<>&s()*�/P\NJ2-,/0&U+>p &N@2-��BoqG�Q�-,5C&D���KY.%'@s3>5C&6(tG0fR5C&�\K7�@63,&
&.:87�/P@�J65C\�@27BG0*><�+>&D+>&K->1�G�<F:B7�@6<>JN&;:9+.-doq5C@R()&

H
x

H1
&27

H2
&27�+>p -,<>&tG�<F:B7�@6<>J�&D+.-=oq5C@6(E&

O
x

O3
Y8�'<F:B-,Ga7�&Nxh-,<>&)/�G0@6Gl:C*><

Li 4
+>p *�5C+�5]& �)+>*><.7�/P&.:s&K1�7B5C\6(OGa7�\.:U:C*><.7�/0&;:s@27�*>()&.:

H1
&27

O3&.:87�J65C\N\N&kY z &27q7�&jJR5C\N@27BG0*><#:Cp @NJNJ�*�(t3,@RQ><>&�+>&w/0@i()*,+�G�oqG0JN@K7BG0*�< +>&i/0@�`,@6/0&K-,5t+>&.:�@27q7B5HGauk->7C:
voi s i ns

&27
v i c i nal es

+>&.:)@27�*>()&.:
H1
&K7

O3
Y

H1
@

O3
3,*�-,5�`�*�G^:�G�< &27

Li 4
3,*�-,5

`>G0J6GI<>@6/0&kY�%'&i+>\65]*4-,/0&R()&6<.7�&.:B7U:HG�(tGI/0@6G�5C&�3,*�-,5s/0@MJ65C\N@27BGP*�<=+>&D/0@M+>&2->1>GPf6()&D/IG0@6G^:]*�<L:HG�(O3>/0&
Li 5

&R<.7B5C&
H2
&27

O3
YR�'<�oqG�<4x�-,<>&yGI<F:87�@R<>JN&#+.- oq5C@6(E&

Mol ecul e
&.:87gJ65]\N\N&Nx

Mo6
xU}

/0@N?.-A&6/�/P&�:C*><.7O@27q7B5�Gau�-A\N&;:t/0@j/IG^:87�&d+>p @27�*>()&.:
( H1 H2 O3)

&27U/P@j/�G^:B7�&j+>&i/�G0@6Gl:C*><F:
( Li 4 

Li 5)
Y.%'@s(tG^:C&U&6<)3>/0@NJ�&s+>&.:c@27�*>()&.:c&K7�+>&;:�/�G0@6Gl:C*><F:c&.:B7c:8-,Ga`4G0&s+>&�/0p \NJ65HG�7q-,5C&s+.-M<>*>(�+>&�/0@

()*�/P\NJ2-,/0&Nx
Mo6
x,+>@6<,:�/0p @27q7B5HGauk->7

mol ecul e
+>&sJ6�>@�J2-,<)+>&.:cJ�*�<,:87BGa7q-A@6<;7C:KY
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%'&t()*,+.-,/0&t+>p &6<,:C&6GIQ><>&6()&R<.7'JN*><.7BG0&R<.7c/0@t+>&;:CJ65HGI3�7BG0*�<g+>&.:�7"$�J6�>&.:�?.-,GÃ:C*><.7c3>5]*�3,*�:C\N&;:�}
/0p \27q-A+�G0@6<;7 &27�?.-,G�:C*><.7 :C*>Ga7�+>&.: &21,&R5CJ6G0JN&;:Cx�:]*�G�7 +>&.: 3>5]*4u4/0f6()&.:|Y %'& ()*,+.-,/0&
+>p &R<F:C&RG�Q><>&6(E&6<.7':Cp @6587BG0JK-,/0&�@K->7�*4-,5'+>&�+>&K->1�<kGa`,&�@2->1 	.-,<t<�G�`,&N@2-g+>&{7"$NJR�>&.:�Q,\R<>\65HGP?.-A&.:c?.-,G
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3,&2->`,&6<;7�:Cp @63>3>/�G0?.-A&R5�}�-,<
+>*�(E@6G�<>&#?.-A&R/0JN*><>?.-A&NxU&27t-,<X<�Ga`�&N@2- +>&d7"$NJ6�4&.:j:�3,\NJ6G�oqGP?.-A&.:
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7�&6/�/0&M?.-Ap &R/�/0&�@)\27�\)&6<;`>G^:]@6Q,\N&t3,*�-,5 SUTcV�WXV %9Y �'<F:8-,G�7�&Nxh<4*4-�:9+>\NJR5HGa`,*><F:�/P@g:B7B58-AJ27q-,5C&)+.-
()*F+.-,/P&�+>p &R<F:C&RG�Q><>&6(E&6<.7�&27�+>&ì:C&;:~3>5HG�<4J6G�3,@6/0&;:�JN*>(t3,*�:]@6<.7�&;: 	b7"$NJ6�4&Nx#&21�&65CJ6G0J�&Ð&27
3>5C*4u4/0f6()&kYh��-,5]@6<.7�JN&27q7�&i+>&.:]J65HG�3�7BG0*><>x�<>*�-�:U+>*><�<4*�<,:U?.-A&6/0?.-A&.:�&21,&6(O3>/0&.:U+>p &21�&65CJ6G0J�&.:U&27
+>&�3>5C*4u4/0f6()&;:c+>&sJ6��GI(tG0&�Y
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����-,<>&�(E@6<�G0fR5C&�Q,\6<4\65C@6/P&Nx{-,< 3>5]*4u4/0f6()& &.:87M&R< 5C&R/0@27BG0*><�@K`,&NJL/��^@R3>3>5C&6<.7BGl:_:C@RQ,&y+	��-,<
JN*�<4JN&63�7�+>&jJ6�kG�(tG0&�*>5HQ,@6<�GP?.-A&�Y�
O<b7�&R/�JN*><>J�&63�7s3,*�:_:]fN+>&g-,< +>&6Q>5]\j+>&�JN*>(t3>/0&214Ga7�\w/IG0\i}
/��^&R<F:C&R(�u>/0&)+>&)JN*><�<4@6G^:_:]@6<>J�&.:9?.-
�ÅGI/Ã&;:87c<>\�JN&.:_:]@6G�5C&O+	�^@2`�*�GI5�3,*4-,5'3,*4->`�*�G�5�@63>3>5C\6�4&6<>+>&65'/0&
JN*�<4JN&63�7rY S G�<F:�G0x�()*�GI<F:�-,<LJ�*�<4JN&63�79<>\NJ�&.:_:�Ga7�&i+>&iJN*><�<>@RG^:_:]@6<>JN&;:Cx�()*�GI<F:sG�/c&;:87������ ���	��
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�H&27 3>/a-�:~G�/X&;:87�\6/0\6(E&6<.7�@6GI5C&6�CxX&27 5C\NJ6GI3>5C*F?.-A&R()&6<.7�x#3>/a-�:�-,<�JN*�<4JN&63�7
<4\NJN&.:r:HGa7�& +>&
JN*�<k<>@6Gl:_:C@R<>JN&.:]xÃ3>/a-�:9G�/�&.:B7�+�GIoqoqG0J6G�/0&)})@63>3>5C&R<>+�5C&Nx�&27'3>/a-�:�G�/�:��l@63>3�-,G0&�:8-,5�/0@)JN*><�<4@6G^:r:C@6<4JN&
+>& JN*><>J�&63�7C:î\6/0\6()&R<.7�@6G�5]&.:KYD%'p @63>3>5]&6<.7BG^:r:C@6Q,&�+	��-,<ÐJ�*�<4JN&63�7�:]&�7B5]@N+.-,Ga7X+>*><>J�3,@R5y-,<
&6<F:]&6(�u>/P&#+>&�7"$NJ6�>&;:�+>&�u,@.:]&#?.-,G�:]*�<;7M&6<X5C@63>3,*>587M@2`�&NJ�/��l@63>3>5C&R<.7BG^:r:C@6Q,& +>&yJN*><>JN&R3�7C:
\6/0\6()&R<.7�@6G�5]&.:KY

��5C@K7BG0?.-A&6()&6<;7�x�-,< 3>5C*4u4/0f6()&L:C&d+>\6oqGI<�Ga7U3,@65O5C@63>3,*>587O}w-,<#J�*�<4JN&63�7O}d@63>3>5]&6<>+�5C&�3,@65
/��^\K7q-A+�G0@6<.7mJN*>(t()&�-,<>&UJN*�(O3,*�:�Ga7BG0*><�+	�l&21�&65CJ6G0J�&.:Cx�?.-,GAJN*>5H5C&.:�3,*�<4+>&6<.7mJ6�>@�J2-,<M}{-,<>&{7"$NJ6�4&
+>&îu�@.:C&�x�+>*><>J
} -,<~J�*�<4JN&63�7=\6/0\R()&6<.7�@RG�5C&�}�@R3>3>5C&6<>+�5]&�Y��)@6<,:d/0@îJN*�(O3,*�:�Ga7BG0*><~+	��-,<

(Mo6

 (est-un Molecule)

 (atomes ($value (H1 H2 O3)))

 (liaisons ($value (Li4 Li5))))

(Li5

 (est-un  Liaison)

 (ordre ($value 1))

 (extremites ($value (H2 O3)))

 (molecule ($value  Mo6)))

(Li4

 (est-un  Liaison)

 (ordre ($value  1))

 (extremites ($value (H1 O3)))

 (molecule ($value Mo6)))

(H2

 (est-un  H)

 (voisins ($value (O3)))

 (vicinales ($value (Li5)))

 (molecule ($value Mo6)))

(O3

 (est-un  O)

 (voisins ($value (H1 H2)))

 (vicinales ($value (Li4 Li5)))

 (molecule ($value Mo6)))

(H1

 (est-un  H)

 (voisins ($value (O3)))

 (vicinales ($value (Li4)))

 (molecule ($value Mo6)))

O3H1 H2
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JN*�<4JN&63�7E+>&L+>&6Q>5C\d+>&dJ�*�(t3>/P&21>Ga7�\�G�<�oB\65�G0&2-,5�:��^@63>3,&R/�/0&w-,<X:C*�-�:��HJN*><>J�&63�7O&27U/0@�:]\N?.-A&6<4JN&
+	�^&21�&65CJ6GPJN&.:�-,<L:C*�-�:��83>5]*4u4/0f6()&�Y z �l&.:87�/��^&R<F:C&RG�Q><>@6<;79?.-,G�+>\�J6G0+>&�+.-�+>&6Q>5C\�+>&MJN*>(t3>/0&214Ga7�\
+>p -,<XJ�*�<4JN&63�7�x�&K7)&6<#3,@R587BG0J2-,/�GP&65M+	�ÅG^:]*�/P&65M+>&.:i:C\N?.-A&R<>JN&.:M+	�l&21�&65CJ6G0J�&.:M&6<#3>5C*�u>/0fR()&.:)*�-
:C*�-�:��83>5C*�u>/Pf6()&.:|Y


O<i3>5C*�u>/0fR()&)&.:87'5C&63>5C\;:C&6<;7�\E3,@R5�-,<iQ>5]@63>�>&t*>5HG0&R<.7�\D:]@6<F:�J6G�5CJ2-,G�7C:�@63>3,&6/P\�� ��� �����������

	�������
� Ym%'&.:i:]*�(O()&27C:M+.-îQ>5C@63>�>&L:8ek(�u,*>/�G^:]&6<.7O+>&;:�7"$NJ6�4&.:)\R/0\6()&6<;7�@6G�5C&;:)&27U/0&;:)@65CJ;:)+.-
Q>5C@63>�>&):8ek(�u,*>/�G^:]&6<.7c/P@�5C&R/0@27BG0*><������ 
 ��������
�� ���������������Rx�?.-,GF3,&R5H()&27m+>&�J6/P@.:_:]&65�/P&.:�7"$NJ6�>&;:
3,@65�/P&2-,5t+>&RQ>5C\i+>&iJN*>(t3>/0&214Ga7�\�YG�Ã/�-�:s3>5C\NJ6Gl:C\6()&R<.7�x�/0@D7"$NJ6�4&j:8ek(�u,*>/�G^:]\N&�3,@65�-,<y:]*�(O()&27
Z �O&.:B7�-,<i3>5C\R5C&N?.-,G^:9+>&t/0@�7"$NJ6�4&�:8ek(�u,*>/�G^:]\N&t3,@65�-,<d:C*>(t()&27�Z>ð�:�G�/0&tJN*><>JN&R3�7'@.:_:]*FJ6GP\t}
Z �E+>*�Ga7{�27B5C&D(E@��Å7B5HG^:]\D3,*�-,5s?.-A&)/0&�JN*><>J�&63�7�@;:_:C*,J6G0\)}iZ>ðj3�-,Gl:_:C&)�27B5]&E/�-,G(�8()�6(E&E(E@��Å7B5HG^:]\
�8/0&UJN*�<4JN&63�7m@.:_:]*FJ6GP\�})ZC�s&.:B7�()*>G�<F:'JN*>(t3>/0&K1,&U?.-A&�/0&UJN*><>JN&R3�7�@;:_:C*,J6G0\s}tZ>ð>�KYN%'@�5C&6/P@27BG0*><
����� 
 ��� ����
�� ���������������#&.:B7�@6<;7BG^:8ek()\27B5�G0?.-A& &K7�7B5C@6<,:HGa7BG�`,&Nxs()@6G^:g<>*><�5C\6oq/0&K1>Ga`�&#&27M<>*><
:8ek()\27B5HGP?.-A&#�83,@.:�+>&�u�*4-AJ6/P&y<�GU+>&yJRG�5CJ2-,Ga7D+>@6<F:M/0&�Q>5]@63>�>& +>&.:D7"$�J6�>&.:��KY�%'@�<4*47BGP*�<î+>&
3>5C\65C&N?.-,Gl:M&21>G^:B7�&L+>@6<F:M+>&j<4*�(Uu>5C&2->1î:8e,:87�fR()&.:)+>p &6<,:C&6GIQ><>&6()&R<.7O@.:r:HG^:B7�\j3,@65)*>5C+�G�<4@27�&2-,5Cx
:C*>Ga7d3,*�-,5 &21,\�J2->7�&65d-,<~5C&27�*�-,5��H@65�5HG0f65C&
?.-A@6<4+�-,<4&
*4-�3>/a-�:HGP&2-,5_: &65H5]&2-,5_: *><.7b&2-�/IG0&2-
3,&6<>+>@6<;7)/0@L5C\.:C*>/a->7BG0*><î+>p -,<4&b7"$NJR�>&Nx�:]*�Ga7DJN*�(O()&�oqG�/�7B5C&y+>p @NJNJ�f.:M}j-,<>&j7"$NJ6�4&���� ��� �!���
� z�V ��� �!�������! �" �!���rY


O<X&21�&6(t3>/0&L+>&dQ>5C@63>�4&�+>&i7"$NJ6�>&;:)&.:B7O+>*�<k<>\d}j/P@joqG�Q�-,5C& � 	�/0&j3>5C*�u>/0fR()&
Pb1

&;:87
JN*�<,:87BGa7q-A\)+>& ��&21�&65CJ6G0J�&.:�&27'+	��-,<j:]*4-�:<�83>5C*�u>/0fR()&

Pb2
x�/0&):C*�-�:��83>5C*�u>/Pf6()&

Pb2
\27�@6<.7c/�-,G(�

()�6()&sJN*><F:B7BGa7q-A\s+>&sê)&21,&R5CJ6G0JN&;:KY
%'&)Q>5C@63>�4&�+>&.:�7"$NJ6�4&.:�5]&63>5C\.:]&6<.7�&M&6<j5]\N@6/�Ga7�\)/��l&.:H3,@NJ�&�+	�l\27�@27C:�@.:_:]*FJ6GP\D@K-d3>5C*�u>/Pf6()&)}

5C\.:C*�-A+�5C&�3,@65#/ �^\27q-A+�GP@6<.7���  * � �kï#�_Y �'< :��^@R3>3�->e>@R<.7#:B-,5#JN&
3,@65C@6/�/Pf6/0&Nx�G�/g&.:87b3,*�:r:HGau4/0&
+	�^&6<;`>G^:]@6Q,&65t3>/�-�:HG0&2-,5r:t()*,+>&.:)+>&�5C\.:C*>/a->7BG0*><#+>&�3>5C*4u4/0f6()&;:)JN*>5H5C&.:�3,*�<4+>@6<.7O}=@2->7�@6<.7�+>&
:87B5C@27�\RQ>G0&.: 3,*�:r:HGau4/0&.:�+>&�3,@65CJ�*4-,5_:�+>&�/ �^&.:�3,@NJN&
+	�l\27�@27C:KY S G�<F:�G0xE-,<~3>5]&6(tG0&65L()*,+>&
+>&
5C\.:C*>/a->7BG0*><LJN*><F:�G^:87�&i}�Q�-,GP+>&65s/0p \27q-A+�G0@6<;7�`,&65_:�/0&Du�->79+>p -,<�3>5C*�u>/0f6(E&�&6<=JN*>(t()&6<%$N@6<.7�3,@65
/0&.:j7"$�J6�>&.:=/0&.:=3>/a-�:L\6/P\6()&6<;7�@6G�5C&.:b&27=&6<�JN*�<;7BG�<.-A@R<.7�3,@65L+>&;:j7"$NJ6�4&.:=+>& 3>/�-�:d&R<�3>/�-�:
JN*�(O3>/0&21,&;:�oB@RG^:C@6<;7c@63>3,&R/�}U+>&.:c5C\.:B-,/a7�@27C:'@6<.7�\R5HG0&2-,5_:'�H+>\R()@65CJ6�4&&�(' � 
 �)
 
��	�������KY z &�3>5C&6(tGP&65
()*F+>&î+>& 5C\.:]*�/a->7BGP*�<�&.:87=+�Ga7*���
� �+�,
 �-��� �	�
���������)
��
� YR�n*4-,5�/0&#3>5C*�u>/0f6(E&

Pb1
+>&#/0@

oqG�Q�-,5C& �kxF-,<�3,@65]JN*4-,5r:�3,*�:_:HG�u>/0&U&.:87&	
Ex5

�
Ex4

�
Ex3

�
Ex2

�
Ex8

�
Ex7

�
Ex6

�
Ex1

Y
%'&�+>&2->14G0f6()&�(E*F+>&s+>&�5C\;:C*>/a->7BG0*><)JN*><F:HGl:87�&s}�3,@6587BGI5c+.-Duk->7n+>p -,<O3>5C*4u4/0f6()&�3,*�-,5�5C&6<;`,*�e4&65
/0p \27q-A+�G0@6<;7'}t+>&.:�7"$�J6�>&.:'+>&UJN*>(t3>/0&214Ga7�\�GI<�oB\65HGP&2-,5C&U&6<MJN@.:'+>p \NJ6�>&�J��H+>\R()@65CJ6�4&&���#� � ' 
�� �����N�KY
z &L:C&NJN*><>+y(E*F+>&d+>&�5C\.:C*>/a->7BG0*><#&;:87O+�Ga7!���
� �.�,
��-��� � �0/���
1�)2�� �43(
52���� 

��� � 6 � � 
������7��� 

���8
����������9� Y S G�<,:HG0xÃ:HGA/0p &21,&65]J6G0JN&

Ex1
&.:87c3>5]*�3,*�:C\t}U/0p \27q-A+�G0@6<;7'&27'?.-Ap G�/Ã:C&s7B5C*�(O3,&Nx�G�/�/a-,G�&;:87

+>&6()@6<4+>\�+>&�5]\.:C*�-A+�5C&�/P&.:#&K1,&65CJRG0JN&.:
Ex6

&K7
Ex2
x�&27=/0&.: &21�&65CJ6GPJN&.: +>&
JN*>(t3>/0&214Ga7�\

G�<�oB\65�G0&2-,5C& &6<�J�@.:#+>&
<>*�->`,&6/g\NJ6�4&NJ�Y 
O< 7B5C*>G^:�G0f6()&
()*F+>& +>&�5C\;:C*>/a->7BG0*><�JN*><F:�G^:87�& }
5C&NJN*><F:B7B58-,G�5C&s/0&sQ>5C@63>�>&s+>&;:Ã7"$NJ6�4&.:c@.:r:C*,J6G0\s@2-M3>5C*�u>/0fR()&�YN%'&.:c&21�&65CJ6G0J�&.:�:C*><.7�3>5C*>3,*�:C\.:c&R<
`>5C@NJ)}t/0p \27q-A+�G0@R<.7�?.-,GÃ+>*>Ga7'/0&.:�:�*�5]+>*�<k<>&65<; xÃ@2->7B5C&R()&6<.7�+�Ga7�x�:8-,Ga`45C&�-,<>&)+>\6()@65]J6�>&)?.-,G�:C*>Ga7
&6<L@NJNJ�*�5C+L@2`�&NJ�/0@�5C&R/0@27BG0*><=� �
� 
 ��� ����
�� � �����9�>�����;Y8�'<j3,@R587BG0J2-,/�GP&65Cx�:HG�/0p \27q-A+�G0@6<;79J6�4*�G^:�Ga7
-,<#&21�&65CJ6G0J�&d+>p -,<#JN&65B7�@6G�<#+>&RQ>5C\d+>&dJN*>(t3>/0&K1>Ga7�\�@6/0*>5_:O?.-A&w/P&.:O&21,&65]J6G0JN&.:O+>&�JN*>(t3>/0&214Ga7�\
G�<�oB\65�G0&2-,5C&�<4p *><.7�3,@.:m\27�\{7B5C@6Ga7�\;:Cx>/0p \27q-A+�G0@6<;7�J�*�(t(E&27�-,<>&s&65H5]&2-,5KY



�Rê

Ex5

Ex4

Ex2

Ex3

Ex1

Ex8

Ex7

Ex6

Pb1

Pb2

� ���������
	���
�����������	����������

¯�°0±N²4³_´��k¶���ÒN¾KÀAÁnÂ0¾�Æk¾�ºC¾lÁÃºC¹_¿r¾_Ï>Êa»4Ê�¸0Ç ÏsÆ�Ñ ÌNÏnÁÃºCÇ.È;Â0ÔKÀ�¾KÍ

�'<L5C\.:B-,()\Nx�/0@�5]&63>5C\.:]&6<.7�@27BGP*�<L+	��-,<d3>5C*�u>/Pf6()&i?.-,Gc@i\27�\iJ6�4*�Gl:HG0&Nxc}j:C@K`,*>G�5s/0&�Q>5C@63>�4&
+>&.:�7"$�J6�>&.:]xw:��^@N+>@R3�7�&îu4G0&6<�}�/��l@63>3>/�G0J�@27BG0*><�+>&ë(E\27B�>*,+>&.: +>&�5C\.:]*�/a->7BGP*�<~(�-,/�7BG(�H\27�@63,&;:
�HJN*>(t3,*�5B7�@6<.7d-,<4& :B-AJNJN&.:r:HG0*><�+	�l\27�@63,&;: +>&ë5]\.:C*>/a->7BG0*><�\6/0\6(E&6<.7�@6GI5C&.:H�|Y�%'&.: +�G�oqoB\R5C&6<.7�&;:
()\27B�>*,+>&.:E+>&j5C\.:]*�/a->7BGP*�<�JN*�5�5C&.:H3,*><>+>&R<.7O}d+�G�oqoB\R5C&6<.7C:O()*,+>&.:)+>&j3,@R5CJN*�-,5_:t3,*�:_:�Gau>/0&;:)+.-
Q>5C@63>�>&L+>&.:t7"$�J6�>&.:|Ym% �l\27q-A+�G0@6<;7�:]&j`,*>Ga7)@RG�<F:�G{3>5]*�3,*�:C\d3>/a-�:�G0&2-,5_:O3,*�G�<;7C:)+>&w`k-A&�:8-,5U-,<
()�6()&L3>5C*4u4/0f6()&kY�%'&�()*,+>&4:�+�G�5HG�Q,\L3,@65�/P&.:i+>*><�<4\N&.: ;#&.:B7t3>/a->7�[�7E@N+>@63�7�\L}j-,<>&d3>�>@.:]&
+	�^@63>3>5]&6<.7BG^:r:C@6Q,&�x�*�
�/��l\27q-A+�G0@6<;7�@2u,*>5C+>&ì/P&ì3>5C*�u>/0f6(E&ì3,*4-,5�/0@ì3>5C&6(OG0f65C&ìoB*>G^:|Y�%'@
5C&NJN*><F:B7B58-AJ27BG0*><X+	�P-,<#3>5]*4u4/0f6()&d<>\�JN&.:_:�Ga7�&j3,*�-,5�:C@�3,@6587s-,<>&iu,*><�<>&=JN*�<k<>@6Gl:_:C@R<>JN&d+>&�/0@
:87B58-AJ27q-,5]& +.-í3>5C*4u4/0f6()&~&K7#+>&;:#5C&6/0@K7BG0*�<,:X&214G^:87�@6<;7�&6<.7B5C&�/P&.:X+�Ga`�&65_:XJN*>(t3,*�:C@6<;7C:X+.-
3>5C*4u4/0f6()&kY���/�/P&�3,&2->7M+>*><>J �27B5C&d->7BG�/�G^:]\N&�3,*�-,5iJN*><.7B5][�/0&R5�/0&.:g@NJN?.-,Gl:i+	��-,<�\K7q-A+�G0@6<.7rY�%'&
()*F+>& :�+�G�5HGIQ,\�3,@65y/0&�u�->7 @K`,&NJ
5C&27�*�-,5#@2->1�3>5C\65C&�?.-,G^:<;�:��0G�(t3,*�:C&�/P*�5_:]?.-A&�/��l\27q-A+�G0@R<.7
:��0G�<.7�\65]&.:_:]&d}w-,<L3,*�GI<.7s3,@R587BG0J2-,/�GP&65t+>@R<F:s-,<L3>5C*4u4/0f6()&��8()@K7�\65HG0@6/IG^:C\i3,@65s-,<y*�-#3>/�-�:HG0&2-,5r:
&21,&65]J6G0JN&.:��KY�Z>GÃ/0&)5C&6<;`,*>G�:8e,:B7�\6()@27BG0?.-A&M}�+>&.:93>5C\65]&N?.-,G^:93,&2->79@63>3,*>587�&65�-,<>&�@RG0+>&�+>@6<,:9+>&
<>*>(�u>5C&K->1iJ�@.:CxFGI/F<4p &;:87Ã7�*�->7�&6oB*>G^:c3,@.:'JN&6587�@RG�<M?.-A&�/0p &65H5C&2-,5�:]*�G�7�+.-A&s}{-,<4&�()\NJN*><�<4@6G^:r:C@6<4JN&
+>&.:X3>5C\65C&N?.-,Gl:KYD%'@�:C*�-,5CJN&�+>& /Pp &R5H5C&2-,5X3,&2->7#5]\.:HG0+>&R5�+>@6<,:#-,<>&�7�*4->7�&�@2->7B5C&�JN@2-�:]& 	
()\NJN*><�<4@6G^:_:]@6<>J�& +>&;: 5Cf6Q>/0&.: 3,&R5H()&27q7�@6<;7 +>& 5C\;:C*�-A+�5C& /0p &21,&65]J6G0JN&Nx ()@K->`,@6G^:]&
JN*�(O3>5C\6�>&R<F:HGP*�<�+>&�/0p \6<4*�<4JN\Nx�&K7�J�Y� M*4-�:L<4&
+�G^:H3,*�:C*><F: @NJK7q-A&6/�/0&6(E&6<.7=+>p @2-AJ2-,< ()*�e>&R<
3,&65H()&27q7�@R<.7U+>&�+>\27�&65�(tG�<>&R5t@2`�&NJi3>5C\NJ6G^:�G0*>< :�G�/P@jJN@K-�:C&�+>&w/0p &65�5C&2-,5O&.:87�+.-A&j*�-#<4p &;:87s3,@;:
+.-A&s}{-,<>&�()\NJ�*�<k<>@6G^:r:C@6<4JN&s+>&.:�3>5]\65C&N?.-,G^:|Y
Z,*�-,/�G�Q><4*�<,:w7�*�->7�&6oB*>G^:=?.-A& /P&y3,@65CJN*�-,5_:�+.- Q>5C@63>�4&#+>&.:�7"$NJR�>&.:i<4&#JN*>5H5C&.:�3,*�<4+ë3,@;:

`,\65HG�7�@2u>/0&R()&6<.7ë} -,<>& 5]\.:C*>/a->7BG0*><�+>& 3>5]*4u4/0f6()&�Y �'<�&6oqoB&K7�x SUTcV�WXV %�<>& 3,&2->7X3,@;:
5C&NJ6�4&65CJ6�4&65d+>&�:C*>/a->7BG0*><F:�3,@65B7BG0J2-,/�G0fR5C&.:�@2->7B5]&.:�?.-A&#JN&6/I/0&.:�?.-,Gt:]*�<;7i+>\BvC}yG�(t3>/�GPJ6Ga7�&6()&R<.7
JN*F+>\�&.:�+>@6<,:i/0&yQ>5C@63>�4&#+>&.:�7"$NJR�>&.:|Y �H/s< �^&;:87M+>*><>JL3,@.:�3,*�:_:�Gau>/P&y+>&�3>5]*�3,*�:C&65g+	�^@K->7B5C&
()*F+>&;: +>&�5]\.:C*>/a->7BG0*><�?.-A&�J�&2->1�+>\NJR5HGa7C:�JRG(�H+>&.:r:8-�:KY �'<�JN&R/0@Nx�/0&ìoB*><>J27BGP*�<k<>&6()&R<.7
+	� SUTcV�W V % &.:87
/IG�(tGa7�\Nx#J�@65�/0&;:~JN@R5C@NJ27�\65�G^:87BG0?.-A&;:~+>p -,< :8e,:87�f6(E&Ð+>& 5]\.:C*>/a->7BG0*><$+>&
3>5C*4u4/0f6()&;:Cx�JN*>(t()&d&6<�+�G^:H3,*�:C&�/0&j3>5C*>Q>5C@6(t(E&0� � V �!� ��3,@65)&21�&6(t3>/0&�� z�z�z �k�#�Hxc/a-,G
oB*�<;7�+>\RoB@2->7rY



���

�>Ú �,Ú��9èDßCäCá �hàRä	��á6Þsç ��éjå>ç ���lÞsç��PÞNæ�ß_ÞNâ��>æ�ÞNéjÞ�æ�ä���ä��>à	��ÞNß�
,Þ
�>Þ�á6àNâlàNÞNß�ÞRä
ã�áRå�������éjÞNß

%'&)()*,+.-,/0&�+>p &6<,:C&6G�Q><4&6()&6<;79&.:B79+>\NJ65HG�7�3,@65{-,<4&D�kG0\65C@65]J6��G0&M+>p *4u|vC&27C:Cx�+>@R<F:9/0@N?.-A&6/�/P&�*><
+�G^:87BG�<kQ�-A& -,<4& 3,@R587BG0& Q,\6<>\65�G0?.-A&Nx$JN*�(O3,*�:]\N& +>&.:�oq5C@R()&.:

Tache
x

Pr obl eme
x

Exer c i ce
x

Repondr e- Au- Cl av i er
x

Compl et er
x

Choi s i r
x

Dessi ner
x�&27�-,<4&

3,@6587BG0&�:H3,\�J6G�oqG0?.-A&)@2-b+>*�(E@6G�<>&)+>&t/0@tJR��G�(tGP&t�8oqG�Q�-,5C& ���KY�%'@�5C@NJ6GI<>&t+>&tJ�&27q7�&���GP\65C@65CJR��G0&t&;:87
/0&�oq5]@6()&

Tache
x�?.-,G�J�*�<;7BG0&6<.7n/0&.:'JN@65]@NJ27�\65HGl:87BG0?.-A&.:'JN*>(t(�-,<4&.:'}�7�*�->7�&.:c/0&.:�7"$NJR�>&.:|Y.�)&K->1

:H3,\NJ6GP@6/�G^:]@27BG0*><F: +.-�oq5C@6()&
Tache

:]*�<;7X/0&.:îoq5C@6()&.:
Pr obl eme

&27
Exer c i ce

?.-,G
+>\NJ65HGa`�&6<.7�/0@�JN*�<,:87BGa7q->7BGP*�< &27�/0&~+>\65C*�-,/0&6()&R<.7�+>p -,<�3>5C*�u>/0f6(E&~*4-í+>p -,<�&21�&65CJ6G0J�&Nxj&R<
Q,\6<>\65]@6/qY %'&.: &21,&R5CJ6G0JN&;: Q,\R<>\65HGP?.-A&.:

Repondr e- Au- Cl av i er
x

Compl et er
x

Choi s i r
x

Dessi ner
+>\NJ65HG�`,&6<;7MJ6�>@�J2-,< -,<X+>\R5C*4-,/P&6()&6<;7t3,@65B7BG0J2-,/�G0&R5�+>p &21�&65CJ6GPJN&�Ym%'&;:

&21,&65]J6G0JN&.:=&27g/0&.:�3>5C*�u>/0fR()&.:=+>& JR��G�(tGP&ë:]*�<;7�+>&.:L:H3,\�J6G0@6/�Gl:C@27BG0*><F:w+>&.:�&21�&65CJ6G0J�&.:�&27g+.-
3>5C*4u4/0f6()&�Q,\R<>\65HGP?.-A&.:KY

Exercice

Tache

Probleme

Methode
-De-

Gillespie

Repondre-
Au- Cl avi er

Completer Choisir Dessiner

Numero-

Zones-De-
Densite-

Electronique

Structure-
Electronique-
Fondamentale

Couche-De-
Valence

Figure-De-
Repulsion

Geometrie-De-
La-Molecule

Structure-
De-Lewis

Partie générique

Partie spécifique
à la chimie

Objet-Ideal

Atomique

¯�°0±N²>³_´��k¶KÎÃ¾�À�ÇNÆkÌ;ÂÅ¾cÆÃÑ ¾_Ï;¿r¾K¸ ��Ï�¾KÀ�¾_Ï4Ê�Í

 M*�-�: 3>5C\.:]&6<.7�*><F: (E@6G�<.7�&R<>@6<;7 J�&6587�@6G�<,: \6/0\R()&6<.7C: Q,\6<>\65�G0?.-A&.: +.- ()*,+.-,/0&
+>p &R<F:C&RG�Q><>&6(E&6<.7&	h/0&�oq5]@6()&

Tache
x�/0&�oq5C@6()&

Exer c i ce
&27�-,<>&M+>&w:]&.:�:�3,\NJ6G0@R/�G^:C@K7BG0*�<,:Cx

/0p &21,&65]J6G0JN&
Choi s i r

x�&K7�<4*4-�:M7�&65H(tG�<4&65C*><F:i3,@R5i/0@#+>&.:CJR5HG�3�7BG0*><
+.- oq5C@6()&
Pr obl eme

Y
��@R5C@6/�/0fR/0&6()&6<;7�x�<>*�-�:�+>*><�<>*><F:�+>&.:�&K1,&6(t3>/P&.:�+>p @63>3>/�GPJN@27BG0*><M+>&�JN&;:�\R/0\6()&6<;7C:cQ,\6<>\65�G0?.-A&.:'}
/0@sJ6��GI(tG0&�Y



� �

������������	 �
��
	��� ���
�

%'&toq5C@R()&
Tache

:�3,\NJ6G�oqG0&t/0&;:�3>5C*�3>5�G0\27�\.:9JN*>(t(�-,<4&.:9}�7�*4->7�&;:�/0&.:�7"$NJ6�4&.:��BoqG�Q�-,5C& �Rï��KY
��*�-,5MJ6�>@�?.-A&=7"$�J6�>&Nx�7B5C*>G^:)<�Ga`�&N@2->1 +>&d+�G�oqoqG0J2-,/�7�\�:C*><.7U3>5C\K`�-�:Cx�/0&�3>5C&6(tG0&R5t<�Ga`�&N@2-î\27�@R<.7
@27q7B5HGauk-A\t}�-,<>&s7"$NJ6�>&O\6/0\6()&R<.7�@6G�5]&Nx�/0&t+>&2->14G0f6()&t}s-,<>&�7"$NJR�>&t+>&t+�GIoqoqG0J2-,/a7�\�(E*4e4&6<k<>&Nx�&27n/0&
7B5C*�Gl:HG0f6(E&#@2->1�7"$NJ6�4&.:M/0&.:M3>/a-�:i@R5C+.-A&.:KY z &.:)7B5C*>G^:M<�Ga`�&N@2->1 :C*><.7)()@K7�\65HG0@6/IG^:C\.:M3,@65)7B5C*�Gl:
/�G^:87�&;:X+>&~+>*�<k<>\N&;:X@63>3,&6/0\�&.:

donnees1
x

donnees2
&27

donnees3
Y �n@65�&21,&R(t3>/0&Nx

:8-,3>3,*�:C*><F:�?.-Ap -,<4& 7"$NJR�>&ÐJ�*�<,:HG^:B7�&Ð}�+>&6()@6<4+>&65
/0&�<.-,()\R5C*�@27�*>(tG0?.-A&�+>p -,<$@27�*>()&
�H&21,&R5CJ6G0JN& @63>3,&R/0\

Numer o- At omi que
+>@6<,: /0@ :8-,Ga7�&R�Cx /0&;: /�G^:87�&;: +>& +>*�<k<>\N&;:

JN*�5�5C&.:H3,*><>+>@R<.7n@2->1t7B5C*>G^:�<kGa`,&�@2->1M+>&s+�G�oqoqG0JK-,/a7�\.:�:]*�<;7Ã/P&.:�:8-,G�`,@6<;7�&.: 	

 /0&s<�Ga`�&N@2- ��3,*�-,5�/0&;:c@27�*>()&.:c+>&.:m+>&2->1)3>5C&6(OG0f65C&.:n3,\65HG0*,+>&.:c+.-)7�@2u4/0&N@2-M3,\65HGP*F+�G0?.-A&
+>*><.7�/0&;:�<.-,()\R5C*�:m@27�*�(OG0?.-A&.:�:]*�<;7Ã�4@2u>G�7q-A&6/�/0&6(E&6<.7�/0&�(tGP&2->1)()\6(E*�5HGl:C\ 	
  donnees1 = ( H He Li  Be B. . . )
 /0&t<kGa`,&N@K-dð�3,*4-,5�/0&;:�@27�*>()&.:�+>&�/0@�7B5C*>G^:�G0f6()&�3,\R5HG0*,+>&t&27'?.-A&6/0?.-A&;:�@2->7B5C&;:�@27�*>()&.:
?.-,G�:]*�<;7�5C&6<>J�*�<;7B5C\.:�oq5C\�?.-A&6(t()&6<;7&	

donnees2 = ( Na Ar  Br . . . )
 /0&s<�Ga`�&N@2-wêD3,*�-,5�/0&;:�@K->7B5C&.:'@27�*>()&.:'�H@27�*>()&.:c3,*�-,5�/0&;:C?.-A&6/^:c()�R()&�/P&.:�:H3,\�J6G0@6/�Gl:87�&.:
J�*�<,:8-,/a7�&6<;7�/0&{7�@2u>/P&N@2-M3,\65HG0*,+�G0?.-A&6� 	
  donnees3 = ( Sc Ti  V. . . )%'&;:d@K7�*�()&;:�:]*�<;7�+>*><>J�7B5C@RGa7�\.:i3,@65�JR/0@.:_:]&.:�+>&#+�G�oqoqGPJ2-,/a7�\#&27M<>*><�G�<4+�Ga`>GP+.-A&6/�/0&6(E&6<.7rY

�Ã/�->7�[47 ?.-A& +>&�J65C\N&R5 -,<4& :]&2-,/0&�7"$NJ6�>&�x
Numer o- At omi que

xd@2`�&NJ�7B5]*�G^:�/�G^:87�&;:X+>&
+>*�<k<>\N&.:]xwGI/�@2-,5C@6Ga7�\27�\�3,*�:_:�Gau>/0& +>&�J65]\N&65�-,<4&ë7"$NJR�>&�3,*�-,5#JR�>@NJ2-,<�+>&.: <�Ga`�&N@2->1 +>&
+�G�oqoqG0J2-,/a7�\�xt*4-�()�6()&y-,<>&y7"$NJ6�4&y3,*4-,5�JR�>@N?.-A&#@27�*>()&�Yc M*4-�:�@K`,*><F:i3>5C*,JN\N+>\#+>&#J�&27q7�&
()@6<�GPf65C&j3�-,G^:]?.-A&j/0&d+>\R5C*4-,/P&6()&6<;7O+>&j/0p &21,&R5CJ6G0JN&=&.:87U/0&�()�6()&d?.-A&R/�?.-A&�:C*>Ga7U/0p @27�*>()&d&R<
?.-A&.:87BG0*><�Y
%'&s<�G�`,&N@2-w+>&�+�GIoqoqG0J2-,/a7�\U+>p -,<D3>5]*4u4/0f6()&U&.:87n/0&s()@21>GI(�-,(�+>&;:�<kGa`,&�@2->1g+>&s+�G�oqoqG0J2-,/a7�\s+>&;:

&21,&65]J6G0JN&.:m*4-g+>&.:�:]*4-�:<�83>5C*�u>/0fR()&.:c?.-,G>/0&sJ�*�(t3,*�:C&R<.7rY
%'*>5_:U+>&�/Pp GI<F:87�@R<>J6G0@K7BG0*�<b+>p -,<4&D7"$NJ6�4&�3>5C*�3,*�:C\�&i}D-,<L\27q-A+�G0@6<;7�xÃ/0&w:Be,:87�f6()& SUT�V�WXV %

@6oqoB&NJ27�&$}ìJR�>@NJ2-,< +>&.:�@27q7B5�Gau�->7C:
ni veau

x
donnees

&K7
appel ant

x�-,<4& `,@6/P&2-,5
3,@6587BG0J2-,/IG0f65C&Nxi?.-,GM&.:B7doqG�1,\N&
&6<~oB*><>J27BGP*�<�+>&�/0p ��Gl:87�*>5HG0?.-A&
+>&�/0p \27q-A+�G0@6<;7L�Ü`�*�GI5�� �;�KYs%'&
ni veau

+>& +�GIoqoqG0J2-,/a7�\X+>p -,<>&y7"$NJ6�>&X&.:B7 �Rxsð�*�-�ê�Y�%'p @27q7B5�Gau�->7
donnees

J�*�<;7BG0&6<.7M/0&;:
+>*�<k<>\N&.:)3,@R587BG0J2-,/�GPf65C&.:M+>p -,<>&dG�<,:87�@6<4JN&L+>p &21,&65]J6G0JN&L*�-
+>&d3>5C*�u>/0fR()&�Y!�n@65)&21�&6(t3>/0&Nx�3,*�-,5
/0p &21,&65]J6G0JN&#JN*><>J�&65H<>@R<.7M/0&y<.-,(E\65C*�@K7�*�(tGP?.-A&#+.- :]*F+�G�-,(  �@NxU?.-,GU&.:B7t-,<>&LG�<F:B7�@6<>JN& +>&
/0p &21,&65]J6G0JN&

Numer o- At omi que
x�/0@ë`�@6/0&2-,5�+>&�/0p @27q7B5HG�u�->7

ni veau
&.:B7

2
&K7LJN&R/�/0&
+>&

/0p @27q7B5HGauk->7
donnees

&.:B7
Na
Y�%'&.:U+>*><�<>\�&.:t:C*><.7�JN*><.7�&R<.-A&.:U+>@R<F:U+>&.:�oqG0J6��GP&65_:U&279<4&j:C*><.7

J6�>@65�Q,\N&.:U?.-A&�3,@65s<4\NJN&.:r:HGa7�\�x�@63>5]f.:s/0p @NJ27BG�`,@27BG0*><=+>p -,<�5C\6oq/P&21,&i:HG(�Üu�&.:C*>G�<=@.:_:]*FJRG0\�}MJ6�>@NJK-,<
+>&.:�@27q7B5�Gau�->7C:�?.-,G�/�Ga7c/0&UoqG0J6��GP&65�+>&U+>*><�<>\�&.:Cx�&K7cJN&NJRG�@6oqGI<�+>&s<>&s3,@.:�:8-,5]J6�>@65�Q,&65�/P@�()\R()*�GI5C&
JN&6<.7B5]@6/0&$+>&�/0p *>5C+�G�<4@27�&2-,5�@2`,&NJ�/0&.:�+>*><�<4\N&.:�+>&Ð/0p &6<F:]&6(�u4/0&�+>&.:�7"$NJR�>&.:|Yb%'p @27q7B5HG�u�->7
er r eur s

&.:B7�-,< &6<;7BG0&65O\6Q,@6/'@2-#<4*�(�u45C&�+>p &R5H5C&2-,5_:OJN*>(t(tGl:C&.:U3,@65U/0p \27q-A+�G0@6<;7s/0*>5_:O+>&i/0@
5C\.:C*>/a->7BG0*><i+>p -,<4&�7"$NJ6�4&�YK��<koqG�<>xÃ:HGA/0p &21,\NJK->7BG0*�<g+>&�/0@�7"$�J6�>&t@O\27�\�3>5C*�`,*,?.-A\N&s3,@65m-,<4&�@K->7B5C&
7"$NJ6�>&i�B3,@65U&21,&R(t3>/0&�/0*>5_:C?.-Ap -,<L&K1,&65CJRG0JN&i&.:B7s@R3>3,&6/0\�3,@65�-,<d3>5]*4u4/0f6()&6�]xm/0&�<4*�($+>&iJ�&27q7�&
+>&65H<�GPf65C&�&.:B7î\NJ65HG�7X+>@6<,: /Pp @K7q7B5HGau�->7

appel ant
Y 
O< +>&65H<kG0&65î@27q7B5HGauk->7XJN*><>JN&R5H<>@6<;7#/0&;:

+>*�<k<>\N&.:'&.:B7�/0@s()\27B�4*F+>&
sauvegar der - donnees

?.-,Gh:]&6587c}t:C@K->`,&6Q,@65]+>&65�/P&.:c/�G^:87�&;:c+>&
+>*�<k<>\N&.:O?.-A@6<4+y&6/I/0&.:O*�<;7U\27�\�(E*F+�G�oqGP\N&.:s3,@65s/Pp &R<F:C&RG�Q><>@6<;7�x�J�&i+>&65H<�GP&65U+�G^:H3,*�:C@R<.7�+>p *4->7BG�/l:
3,&65H()&27q7�@R<.7n+>p @8vC*�->7�&65c+>&.:c+>*><�<4\N&.:c@2->1D&21,&65]J6G0JN&.:m&27n@2->1)3>5C*�u>/0fR()&.:Cx,*�-i+>p &6<M:8-,3>3>5HG�(E&65KY
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%'&#oq5C@6(E&
Exer c i ce

JN*><.7BG0&R<.7M/0@#+>&.:]J65HG�3�7BG0*><�Q,\6<4\65C@6/P&#+>p -,<ë&21,&65]J6G0JN&#&27M3,*�:_:]fN+>&
?.-A@27B5C&D7qek3,&.:U+>p @27q7B5HG�u�->7C:U�8oqGIQ�-,5C& ���K�KYF%'&;:�3>5C&R(tG0&65_:]x

t ype- f enet r e
x

zone- enonce
x

zone- comment ai r es
&27

i cones
:C&R58`,&6<;7L}�:�3,\NJ6G�oqG0&R5�/Pp &R<.`>GI5C*�<k<>&6(E&6<.7=Q>5C@63>�kG0?.-A&

+>p -,< &21�&65CJ6GPJN&�Y %'&.: :]&NJN*><>+F:Cx
cr eat i on

x
dest r uct i on

x
r esol ut i on

x
pr esent at i on

x
t er mi nai son

&K7
not at i on

:C*><.7�&6<�5C@63>3,*>5879@2`�&NJD/0&;:s*>3,\65C@27BGP*�<,:
&21,\NJK->7�\N&.:
/0*>5_: +.-�+>\65C*�-,/0&6()&6<;7
+>p -,<$&21�&65CJ6GPJN&�+>&63�-,G^:
/0@�J65C\�@27BG0*><$+>p -,<4& G�<,:87�@6<4JN&
+>p &K1,&65CJRG0JN&�v8-�:C?.-Ap }t:C@U+>&.:87B58-AJK7BG0*�<4x�&6<)3,@.:r:C@6<;7Ã3,@R5�/0@�5C\.:]*�/a->7BGP*�<)+>&�/Pp &K1,&65CJRG0JN&�3>5C*>3>5C&6()&R<.7
+�Ga7�&�Y{%'p @27q7B5HG�u�->7

pr er equi s
:C&R587�}#+>\6oqGI<�G�5i/0&;:i/�G0&6<,:iQ,\6<4\65C\.:i3,@R5i/0@y5C&6/0@K7BG0*�< �
� 


�
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�

���8
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�
���>YD%'&.: +>&65H<�GP&65_:X@27q7B5�Gau�->7C:]x

demandes- ai de
&K7

demande- sol ut i on
x

:C&658`�&6<.7n}�()\R()*�5�G^:C&65�/P&.:c@NJ27BGP*�<,:c+>p -,<)\27q-A+�G0@6<;7n?.-,G,&.:_:]@6G0&s+>&�5C\.:]*4-A+�5]&�/0p &21,&65]J6G0JN&�Y
%'p &6<;`>G�5]*�<k<>&6()&R<.7�Q>5C@R3>��G0?.-A&)Q,\6<>\65]@6/�@.:r:C*,J6G0\M}E-,<=&21,&65]J6G0JN&M&.:879+>\RoqG�<�G�3,@65�/0&.:9?.-A@K7B5C&

3>5C&6(tG0&R5_:'@27q7B5HGauk->7C:KY.%'p @27q7B5HG�u�->7
t ype- f enet r e

:H3,\NJRG�oqG0&�/0p @.:�3,&NJ27n+>&�/0@�oB&6<4�27B5C&�3>5C\.:]&6<.7�@R<.7
-,<~&21�&65CJ6G0J�&�Y��)&2->1 @2->7B5C&.:b@27q7B5HGauk->7C:y:]&658`,&R<.7=}�+>\6/IG�(tGa7�&65�/0&.: �;*><>&;:d+>@R<F:�/0@#oB&6<>�27B5]& 	
/0p @27q7B5HGauk->7

zone- enonce
*�
X&;:87U@RoqoqG0J6�>\i/0p \6<4*�<4JN\j&K7s/0p @27q7B5HG�u�->7

zone- comment ai r es*�
~:]*�<;7M@6<k<>*><>JN\.:)/P&.:)()&.:r:C@6Q,&.:M+>p &65�5C&2-,5M&27O/0&.:M@6G0+>&;:KY 
O<X+>&65H<kG0&65M@27q7B5HG�u�->7�x
i cones

x
JN*�<;7BG0&6<;7�/P&y<>*>(�+>&.:iG0JN[><>&;:�@.:_:]*FJRG0\N&.:�}y/Pp &K1,&65CJRG0JN&NxU&27g?.-,Gt:C*><.7)3,@R5i+>\6oB@2->7E/0&.:)7B5C*�Gl:
G0JN[><>&.:

I cone- Fi ni
x

I cone- Ai de
xi&27

I cone- Sol
�8oqG�Q�-,5C& �Kð>�KY�%'p \27q-A+�G0@6<;7L+>*>Ga7

:C\6/0&�J27BG0*><�<>&R5y/0p G0JN[><>&���������3,*�-,5�`�@6/�G0+>&65X:C@
5C\63,*><F:C&kY�%'@ :C\R/0&NJ27BG0*><�+>&�/0p G0JN[><>&
	�����

&6<.7B5C@ �^<>&)/0p @6oqoqG0J6�4@6Q,&�+>p -,<>&M*4-b3>/a-�:HG0&K-,5_:s@RG0+>&.:KYF%'p \27q-A+�GP@6<.7'3,&2->79:C\6/0&�J27BG0*><�<>&R5{/Pp GPJN[�<4&���� 	
:Cp G�/,<>&s3,@658`>GP&6<.7n3,@.:'}�5C\;:C*�-A+�5C&�/Pp &K1,&65CJRG0JN&Nx�&K7�/0@t:C*>/a->7BG0*><M&.:87m@6/0*>5_:'+>*�<k<>\N&s3,@65c/0&�/P*�Q>G0JRG0&6/qY
z *>(t()&
JN&K7L&6<;`>G�5]*�<k<>&6()&R<.7=3,@65 +>\6oB@2->7b&.:87��4\65HGa7�\ 3,@R5d/0p &6<F:]&6(�u4/0&�+>&.:b&21,&65]J6G0JN&.:]xt/0@
JN*��4\65C&6<4JN&X+>@6<F:�/0&2-,5�3>5C\.:]&6<.7�@K7BG0*�< &.:B7iQ,@65]@6<.7BG0& 	�/0&;:d+�GIoqoB\65C&6<;7�&.: �;*�<4&.:�*><.7M/0@y()�R()&
+�G^:H3,*�:HGa7BGP*�<g&27c/0@�oB*><>J27BGP*�<g+>&.:�G0J�[�<4&.:�&.:B7c/0@�()�R()&t+>@6<,:m7�*�-�:c/0&.:'&21�&65CJ6G0J�&.:KY z &NJRGF3,&65�()&27
} /0p \27q-A+�G0@6<;7�+>&�:Cp @N+>@63�7�&R5j5C@R3>G0+>&6()&6<;7�}#/0p G�<.7�&R5HoB@NJN&X+.-~/0*>Q>G0J6GP&6/qY z &27q7�&#oB@5$N*>< +>& oB@6GI5C&
:Cp @63>3,@65C&R<.7�&t}tJ�&t?.-,GÃ:C&U3>5C@27BG0?.-A&tJ�*4-,5C@R(t()&6<;7c+>@6<,:�/P&�()*><>+>&U+>&.:c(tG0JR5C*8��*�5C+�GI<>@27�&2-,5r:�*�


 
 ( Tache 
 ( est - un Obj et - I deal )  
 ( donnees1 ( $s i - besoi n l i r e- donnees1) )  
 ( donnees2 ( $s i - besoi n l i r e- donnees2) )  
 ( donnees3 ( $s i - besoi n l i r e- donnees3) )  
 ( ni veau ( $domai ne [ 1 2 3] ) )  
 ( donnees ( $def aut  NI L) )  
 ( appel ant  ( $un Tache)  
    ( $def aut  NI L) )  
 ( er r eur s ( $un ent i er )   
    ( $def aut  0) )  
 ( sauvegar der - donnees 
   ( $met hode sauvegar der - donnees) ) )  
 ¯�°0±N²>³_´����k¶2Î�¾;ÄNºH»kÀ{¾

Tache.
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 ( Exer c i ce 
 ( est - un Tache)  
 ( t ype- f enet r e ( $def aut  Fenet r e- exer c i ce) )  
 ( zone- enonce ( $def aut  ( 0 50 30 500) ) )  
 ( zone- comment ai r es ( $def aut  ( 270 50 300 500) ) )  
 ( i cones ( $def aut  ( I cone- Ai de I cone- Fi ni  I cone- Sol ) ) )  
 
 ( cr eat i on ( $met hode cr eat i on- exer c i ce) )  
 ( dest r uct i on ( $met hode dest r uct i on- exer c i ce) )  
 ( r esol ut i on ( $met hode r esol ut i on- exer c i ce) )  
 ( pr esent at i on ( $met hode pr esent at i on- exer c i ce) )  
 ( t er mi nai son ( $met hode f i n- exer c i ce) )  
 ( not at i on ( $met hode not at i on- exer c i ce) )  
 
 ( pr er equi s  ( $des Exer c i ce)  
     ( $def aut  NI L) )  
 
 ( demandes- ai de  ( $un ent i er )  
     ( $def aut  0) )  
 ( demande- sol ut i on  ( $domai ne [ NI L t ] )  
      ( $def aut  NI L) ) )  
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 ( Choi s i r  
  ( est - un Exer c i ce 
  ( bout ons ( $def aut  NI L) )  
  ( pr esent at i on ( $met hode pr esent at i on- choi x) ) )  

  ( act i on ( $met hode act i on- choi x) )  
  ( cont r ol e- sol ut i on ( $met hode cont r ol e- choi x) )  

  ( bout ons- choi s i s  ( $def aut  NI L) ) )  
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 ( Geomet r i e- De- La- Mol ecul e 
 ( est - un Choi s i r )  
 ( donnees1 ( $val eur  ( ( BF3 Tr i angl e) . . . ) ) )  
 ( donnees2 ( $val eur  ( ( PF3 Pyr ami de t r i gonal e) . . . ) ) )  
  ( donnees3 ( $val eur  ( ( SF6 Oct aèdr e) . . . ) ) )  

 ( t i t r e- f enet r e ( $val eur  " Géomét r i e de l a mol écul e" ) )  
 ( i cones ( $val eur  ( I cone- Ai de I cone- Sol ) ) )  
 ( enonce ( $val eur  ( Quel l e est  l a géomét r i e de l a 
     mol écul e ( donnee 1)  ?) ) )  
 ( bout ons ( $val eur  ( ( Li néai r e 50 50 70 150)  
     ( For me T . . . . . ) ) )  
 ( ai des ( $val eur  ( ( La géomét r i e d' une mol écul e 
     s ' obt i ent  à par t i r  de l a f i gur e 
     de r épul s i on en ne pr enant  en 
     compt e que l es doubl et s) ) ) )  
 ( t ext e- f i nal  ( $val eur  ( La géomét r i e de l a mol écul e 
    ( donnee 1)  est  :  ( donnee 2) .  
    ( dess i ner - mol ecul e ( donnee 1) ) ) ) ) )  
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vuxw z��'|$�
�3z
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