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Volume Optimization
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A[5]B[5], a Predicted New Type of StructureA[5]B[5], a Predicted New Type of Structure

Na[5]Cl[5]Na[5]Cl[5] Li4SeO5
Li4SeO5

H. Haas and M. Jansen, Angew. Chem., 1999
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Energy landscape and structures of Na3NEnergy landscape and structures of Na3N
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E(V) curves for promising structure candidates in the system Na3NE(V) curves for promising structure candidates in the system Na3N
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Powder diffraction pattern for Na3N (Rietveld refinement) and
structure candidate (anti-ReO3 type)

Powder diffraction pattern for Na3N (Rietveld refinement) and
structure candidate (anti-ReO3 type)

Θ
D. Fischer and M. Jansen, Angew. Chem., 2002
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substrate: sapphire ((0001), epitaxial polished)

temperature: 77 K

K: effusion cell (373 K)

N2: MW-plasma source (1.6 sccm, 80 mA, purity 5.0)

process pressure: 6 x10-5 mbar

time: 5 h

sample: metallic color

XRD: temperature-dependent, potassium nitride?

K/N  CodepositionK/N  Codeposition



Temperature-dependent X-ray powder diffraction of K/NTemperature-dependent X-ray powder diffraction of K/N

K, N2

(K,N), K

2. K/N-
phase, K

single scans: 77, 153, 173, 183, 193, 203, 213, 223, 233, 243, 253, 263, 273 K; line diagram: K
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X-ray powder diffraction pattern: 1. K/N phaseX-ray powder diffraction pattern: 1. K/N phase
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K3N: anti-TiI3 structure type
hex., P 63/mcm (No. 193)
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Energy landscape and structures of Ca3SiBr2Energy landscape and structures of Ca3SiBr2

Strukture EHF [eV/Atom]
1 -34,3547
2 -34,3492
3 -34,0825
4 -34,0308
5 -33,9138
6 -34,0526
7 -33,9301
8 -34,1342
9 -34,1206

CaBr2 -31,5110
Ca2Si -36,9261

Mean Value -34,2186
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Movements of building units:
Shift + Rotation + Exchange
Movements of building units:
Shift + Rotation + Exchange

Fixed AnglesFixed Distances

Assignment of Fixed Charge
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Structure candidates found during global optimizations of the Li4CO4-system, using CO4-
building units. a) Li4(CO4)-I: blue tetrahedra represent CO4-units, yellow octahedra 
represent LiO6-units; b) Li4(CO4)-VI: blue tetrahedra represent CO4-units, yellow 
tetrahedra represent LiO4-units. Red balls represent oxygen atoms. 
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STOE Powder Diffraction System 29-May-02 

2Theta10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0
0

4000

8000

12000

16000

20000

A
bs

ol
ut

e 
In

te
ns

ity

14k (Range 1)

STOE Powder Diffraction System 29-May-02 

2Theta10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0
0.0

20.0

40.0

60.0

80.0

100.0

R
el

at
iv

e 
In

te
ns

ity
 (

%
)

Na3PO3S (Range 1)

Na3PO3SNa3PO3S

M. Pompetzki, M. Jansen, ZAAC, 2002



ÿ����������	��

��ïµ%*�4��(*)7�#ð ñ�þ�óY+uô��#)"Z� 7�*89�^�!��D�FN��D*�!�2CE���#�õ(���JKA'�&�KA*�4�!�]���#8��&��<*���0J0 ?�!<¾���*�&�!8�:�CED���FG�! "�#�$CE�#�Kø��#1&ÿ-/21�ô	3
��ù\ "8#D*���­��<*��JK�0F&��)7F&D*)7�4����A$����AX��������D*����AX(���JKA'���KA' ?L	����FG�!��8#�!�����'����A$�����!D�FN��D*�!�­�4Cµø�� 1 ÿ-/ 1 ô{3



� Ê.nHl�Èmo Ì�� gjkmkml�Ê Ç g Ã Ê.Ì¿Ë����
	���

Í ì��Gä����\æ-å������Óç��Næ��uä��Næ�������ç��! "�Óæ6å#�
$ ú�%& �#�\å{ä'���\ä¾åcæ(�*)+%¾â��6æ-,��aæ��#�.�� /�#�\æ��0�1, é�ç=åÔú�2"�#�\å\ú3���4�65¾æ-ç=åcæ��[â��Kú��
�Óæ��75¾ç98"�*):%¾ç;��æ-å{âNç98$â��uâ!�< =)Bú�2 â>%¾â!�[âNç æ�%Bæ-å{ã� ?��ú�%'8"�7�Kú���æ(�îú3�(�-æ(�1�³â>2��Næ

Í û åcç3�\æ6â>%��
ý æ��-ç�%�8Qú2å@ A�B�\æ6åC�[â�ú2å@ ;�#�\å{ä'���\ä¾åcæD)=â>%&�\æ(%"�[â!EræF8Qú*�RúHGI� â>%¾â>%$ã Ð �[â�� â>��ú2å{â!�< 
ú2å{ã=ä'�Óæ(%&�7� Õ )A�Bå{â��Ïú2åC J2¾ä$â>��8$â>%$ã ä"%¾â!�7�¸ç�% ú3�>�K�6�0ú3�Næ��B) æ�%&EXâNåcç�%'�Óæ(%&�
ç­éL�Båcç3�aæuâ>% â��0��ç�å@�Rú�%&�B)9ã�æ(%¾æ-å\ú��M�75Qú��ªæ ú��Nå³æ0ú38N O�³ä'�(�-æ��7�

Í $ ç��Næ��6ä"��ú2åP�6å@ /�#�Rú��>�
û ú3�RQ�â>%¾ã ç­é¿å{âGã�â�8A�BSBç����D O�Óç��Næ��uä��Næ(�*)9�¾åcâ��Ïú2å@ T2¾ä$â>��8$â>%¾ã ä"%¾â!�7�*)&�[â>%& 
æ�%Bæ-å{ã� 8$âVU æ-åcæ�%'�-æ��W2�æ��IXßæ-æ(% �Óç98$âVY��Kú*�[âNç�%�� Ð'û åcç�2"�Næ��0�*Z æ�%Bæ-å{ã� 
é4ä"%'���[âNç�%L[��\æ��0�ªæ6å\úB�[ä¾å³æH���Båcæ(�1�[ä¾åcæ\8$æ(��æ(%�8¾æ(%��-æ Õ )B�Gâ�� â!�\æ�8]8Hú*�uúHG^�Óâ>%$â>%¾ã
Ð �BåcæRé�æ-åcåcæ�8O�7�Qú3�-æ¸ã]åcçTä��"�B[:%�ä'�_2�æ-åõç­é`�Óç��Næ��uä��Næ(�Oâ>% ä"%¾â!�a�6æ(�>� Õ

Í ,�bc�\ç��d,3Ge2 ú��\æ(8O�\ç��Gâ�8"�
f+ /�ªæ ç­é&2ªç�%'8Xâ>%¾ã Ð æ��0�¾âNå{â��0ú3����ç3�aæ�%&�[â�ú�� Õ )­ú�2fâ>%¾â!�[âNçF�BåcçTã]å\ú3�0�g%¾æ-æ�8$æ�8
é�ç=åh�Nç9�Kú��£ç��/�[â�� â>i�ú*�[âNç�%L);â>%/S¾ä¾æ(%'�6æ ç­éLQ�â>%Bæ��[â��(�õåcæ6ã�ú2å#8$â>%¾ãÔç=äN�6�-ç��ÓæD)
%¾ç?8HúB�RúHGI� â>%$â>%¾ã Ð æRj��-æ(�N�a�\æ��#�[â>%¾ãlk@ì ý�m¸Õ )"�Bå{â��Ïú2åC n2$ä¾â>��8Xâ>%¾ã ä�%$â!�6�
��ç��7�³â>2��Næ�);ä��³ä ú��>�! é�æ�X �Båcç�2��Næ��0��Xîâ!�75l�\æ��0��æ-å\ú*�[äBåcæ*���Båcæ��7�³äBåcæ

Í ,9omä$â>��8$â>%¾ã3G'ä�%¾â!�7,3G^2Qú��\æ(8p�\ç��Gâ�8"�
ì ç9ç=å#8$â>% ú*�[âNç�% �ªç��! /5¾æ�8¾å\ú Ð �[æ��6ç�%�8Qú2å@ 2$ä¾â>��8Xâ>%¾ã ä�%$â!�6� Õ ç�% �Ïú�%& 
�7�Kú��Næ(�*)��1�ªæ(�6â�ú��>�! ç��/�[â�� â>iIæ(8?��ç��\æ�%&�[â�ú3�>� ú�Erú|â>��ú�2��Næ ú�� ú��!�\æ-å�% ú*�[â!Eræq�\ç
ú�2 â>%¾â!�[âNçr�0ú3���uä���ú*�[âNç�%��*)&�\æ��0��æ-å\ú*�\ä¾åcæ*���Båcæ(�1�³äBåcæßâ>%"S$äBæ�%'�-æOæ�j����Gä'8$æ�8
2& O�-ç�%����\å{ä'���[âNç�%

Í bs�Óç=å���5¾ç=ä"�q�\ç��Gâ�8/�
íõç ä�%¾âuträ¾æv���aå{ä����[äBåcæ Ð � ú�%& w�ªç��1�[â>2"�Næ ú3�Óç=å#�"5BçTä��_,����aå{ä����[äBåcæ(�1,A[
æ0ú��75 Xîâ!�75 ���aå{ä����[äBå\ú��s2 ú�%'89Xîâ�8N�75 ú�%'8 �6ç�%&�\å³ç��>�Næ(8 2& Q�â>%Bæ��[â��(� Õ )
íõçp��æ-å{âNç98Xâ�� Ð ã�âGã�ú�%&�[â��Ïä"%¾â!�x�-æ(�>�>�;%Bæ(�-æ(�1�µú­å@ yG ú�2 â>%$â!�\âNçzEræ-å@ æRj9G
��æ(%"�[â!Eræ Õ )N%¾æ-æ�8-�\ç.�³â�� ä"��úB�\æ{�#�\å{ä'���\ä¾åcæ¸ã�æ�%Bæ-å\ú*�[âNç�%|�¾å³ç9�6æ(�1�



}s~*��~*��~B�'�H~*�
ð��NóD�@3	,|3	ô'F�<1��#�Q�4��AA�£3C�.�4�����&�c3H� ù\ 7�!���­ô����&(B�!��J-���!A��KÿR)S�4�*�� "�*89��C6ô�:��.��<*�������0 "�ªô���)7 7AQô��!���!��,6<*���� 7�����!:	+
|�N�!�&�!�� "���4�� 7���ª�4C6ÿu���#�� 7�� "��8Bô.�!��D@FG��D����X,-�4�@A' 7A��������2D��� 7�*8��2)7��P���)R/|(*�� 7�r ����4�� 7���c3N�������u���B�1�I���9���>�<����*� � � �������@ñ��'+��¡ �þ�¢¤£@��ñ�¥§¦<�e�©¨�¨�¢*3
ð  �óD�@3 ,|3�ô'F�<1��#�Q�4��AA��3@�.�4�����&�³3I
|�N�!�&�!�� "���4�� 7���#�	ÿR�!��A* 7FN�� 7���#���4��AQ5���A'���!���!����A' 7�*89�4C6ô.�!��D@FG��D�������5��� 7�*89��<��ïu�*�&�!8�:Nª[�4��A���F��4(��3��(*(*�!�#��F�<$Muÿµ�4���¬«G3¬­6��®&¯>°²±V�³���< ^�©¢*+ ñ�¥�ò©£'ñ� ��^�� §¥�¥^�#3
ð ñ�óD�@3@,|3@ô'F�<7����H�4��A��£3I�.�4�@�����c3�
|�N�!�&�!�� "���4�� 7���#��(*����A' SFG�� 7���1���4��A$D*��A*�&���^���4��A' 7�*89��C\�����!D�FG�!D*�����u��D��� 7�*8r��<�����*�&�!8�:9)S�4�@A*��F��4(����I��C\F�<*���r SF&��)c��:'���������-M-ÿµ�4����«´«G3¬­6��®&¯>°²±V�³���< ^�©¢*+ ñ�¢I�>£'ñ�þ�ñI�� §¥�¥^�#3
ð ¦4óD�@3^µ=3<µK��)7)S�4��A{3(� ��¶V· � ¶ �¸°º¹¤�»°¼��½ ¶ �¿¾e¯ ¶¤À1¶ � � ��¯>�¸° Á(Âu° ¶¤À#Ã<Ä ±>���u�&±�3µ5��* "Z	3I�Q 7F�<c3@ÿR�!���!�u�e�K���'����P����¡���©¨�ò§�*3
ð ��ó]ô{3*ö­ "�!Å�(����!�� SFVÅC�*,|3@
�3<�2��)7�4���B�#��3��*�4�@A"�£3@ÿa3eÆµ��F&F�<� �36/|('�! "�� ����4�� 7���¾P.:Bô� 7��D*)S���!��A'�K�*�����4)7 7�*8�3 Ã Âu°º�u�@ÂV��� � §¥�+ ¢�ò��>£e¢�þ�¥^�^�¡¨�þ�ñ�3
ð ¢�ó�Æ]3',(���&�!��:�3c`I<*�������'A':����4�� SFB��(*(*�!�#��F�<��!�=�!<*�2`[����Z��&)7)7 "�*8�ô*�4)7���������XÿR�!��P�)"��� Mµ�4�XïRU;FN 7�&�.�Iô� 7��D�)7�4�� 7�����)"8#���! ?�!<*�B3HÇ���È · �¿°¼�9�*ÉC�^�V¹��1� ·�·CÀ ���I¦��'+ ¦I�>£^�e���<�¡¨�þ��*3
ð ò�ó�
]3Ê�=3�ö­���&�=����A�ËT3¡ªR3Ê�QF©�2�!�&��Z.:#3�ô.���!D�FN��D*���4)#�r�'A'��)" 7�*8K��C*8�)S���!�����	D��� "�*8�����Z��&�������H���.���I,-�4�!)"�K�� "�]D*)S���� 7���³3½ ¶ �¸¾e¯´�u�*ñ§¦�¦@+ ¦� 4ñ¤£�¦� ��e�e�¡¨�¨�¥�3
ð þ�óD�@3#ÿµ���*�*�&�� 7�&�¡����3�ÌI���!���#�^M³�K)S�� 7���I����3�Ë0�'A'�! "8#D*�u�&M^,-����Z��¤Í���)¿�4����AÎÆ�3*,-�4 78��@�4�&����3	ÿR�!��A* 7FN�� 7�����4CcFN�!:'�^���4)������!D�FNM�!D*�!���-CE�!���OF&��:'���!�4)cF�<��&�� 7�����!:;�!D*)7���IP�:X�� "�]D*)7�4����A$���*�*����)" 7�*8@3�½ ¶ �¸¾e¯´�u�*ñ§¦�¢�+ ñ�¦#ñ¤£�ñ§¦��e�^�¡¨�¨�¥*3
ð ¨�ór,|37�£3[ù������&�9�4�#�6��37�£3[ø��&JK�!�4�'�\ô	36�£37ª³�&Z� 7�*���\�4��A¿,|31Ë=37�=3µ,-���!)"��JT3N« �����!8#�4�� 7F9,6��:'���!��)6ô.���!D�FN��D*�!�ÿu����A' SFG�� 7����5��� 7�*8=ô� "��(*)7 ">���A9ÿa�����&�.�! 7��)7�µ����A]ïR%'(@���� 7���&�.�!��)*5K�* "�I,6�&)7)S�aM1�K(*(�)" SF&�4�� 7�������2�!<*��ÿa��)7:������!(*<����C\`I "�!���* "D��]M 
| "��%' SA'��3*Çe�1Ï ¶ �³��¯u�¬�1�I���9���@ñ�+ ��ñ^�>£^�4ñ��e�I�¡¨�¨#ñ*3
ð��©¥4ó���37Ðm3a
����&� �4�@A=��3R�£3aøK��JK�����¾3�
��&���&�!�� "�@���� 7���£��C*¦4M FN�#�*�*��FN����AªCE�!���r��J6�#�´ÅªFN�!:'�^���4)6�����!D�FN��D*�!����P.:�� 7��D*)S���!��A¾�4�*�*���4)7 "��8�3�½ ¶ �¿¾e¯´�u�*ñ§¦� '+Ñ §¢�¥Ê£e �¢� ^�^�©¨#þ�¨*3
ð����&ó�µ�3cÿRD'�!���#�@3[,|3³ô'F�<1��#�#�c�4��A»�£3#�.�4�����&�c3�,6����P� "�*��A»�Q�N��<���A CE����Ò��KPg« �* ?�! "��Ò¾ô����!D�FG�!D*���9ô��#)"D'�! "�#� CE�!���ÿa��JKA*�&�I
� "L�����FN�� 7���H
2���!��3HÇ��#� ·�·CÀ �¬�R¯ Ä ±>������ñ� '+ þ�¢�¦¤£�þ�ò¤¥I�I�©¨�¨�¨�3
ð��¡ �ó���3���3�,6���&)7<*��3CÐ <*�#)"�&M�(�����>�)"�K�����!D�FN��D*�!�K���#)"D*�� 7����CE�!��� (@��JKA'���uA' "L�����FN�� 7���;A*�4�!�­D��� 7�*8��� "�]D*)7�4����A9�4�*�*���4)"M 7�*8@3¬Çe�#� ·�·@À �¬�R¯ Ä ±V�³����ñ#ñ*+ þ�¨�¨¤£�¨�¥�þ^�� §¥�¥�¥*3
ð���ñ4ó�/]3¤�@3§ª³���*�* 7�*8I�#ô{3§µ��4P��&����<*���#�#ö�34
�3§�£3§µ|�4�!�� S�©�§ËT3�ªR3§�#��<����^�!���#�§Ì23§�£3#öT�4�! "D^Å� ¸�4ïK3�`[��A'����F&�I������A:�r3¤Ðm3`[D*�!�*�&��3£
��&>��* "�� 7�����4C|�gÒ48#D* SA' "��8 CED*�@FG�� 7���<Ò  7�¿8#)"�#P��4)-��('�! "�� ����4�� 7���c+¾� <�:�P*�! 7A��4(*(*�!�#�#F�<�FN�#��P* 7�* 7�*8���*�&�!8�:r�4��A9Ë0M�CW�#FG���#�u 7�;�^�!��D@FG��D���������)7D'�! "�#��CE���#� (���JKA'�&�-A' "L�����FN�� 7���;A*�4�!�*3¬�1�^�u�9�CÓ�� Ä ±u�@Ô7�u�¿�³���.ñI��ò'+  �¨�¢Ê£ñ�¥�ñI�e �¥�¥�¥*3
ð��u¦�ó��FÕ]3Rªc 7D�����AÖ�£3�ªR3R,6��<*���c3�ô.�!��D@FG��D��!��)6(*�!��(��&���� 7���]�4��A��&)7��FG�!���#�* SF;�^�!��D@FG��D����$�4CK)7��JIMYF&����(*�!���!�� 7P* 7)" "�^:�9�4���&�! S�4)S�&+6×{M^ô� 1 ø*Ø=����A$<.:�(��4�!<*�N�! 7F��4)#×{M�, 1 øBØ#3�Ó�� Ä ±u�1ÙB�uÚ¤�CÛ*�I¦<��+��©¥�ò§ #ò¡£@�¡¥.ò�ñ�¦^�e�©¨�¨�¥�3
ð��¡��óT5�3��K�D*)")7�&��3hÆµ���!<*���!�!�48#�H�'��#8�)7 7F�<��&�Xö­�! 7���!��)")S�����!D^Å.��D*���^:�(@������ "��µ� ")"CE�ªA*�&�/Å��! 7���!��)")7��8#�!��(*<* S��F�<��&�Ü�2��D*(*M(��&�.�!<*�&�#�� 7��3§« �&µ=3¤Ì-D*�´��)7�4L6����A' ?�!���¡��Ó�¯´¹¡Â©� Ã<Ä � · ¹¤±>°¼¾e��¹¤� · ¯´� � °ºÂu� ¶�Ý ° À °¼� Ä ¹ßÞ¬Âu¯ Ä ±V� ¶¤À ±>�¸¯>¾IÂ��¸¾e¯´��±(¹ßÞ(°¼�@¹§¯¿� ¶ �I°ºÂ±u¹ À ° � ±>��(@�48����KòÊ¦¤£'þ�þ�3�ù��� 7��A*�� SF�<'M³�K)7�N%*�4��A*�&�I5K�* 7Z����!�� ?�Ê���ø:�D*�!��P@����8<�*ø:�D*�!��P@����8<���©¨�¨�ò�3
ð��©¢4ó�Ðm3	ïK3�ö­)"�����C�£3CÌ-�#A'�&�¡�@����A��r3	`I<* "���B3|`I<��]ñ�MY�!�&8�D�)7���0�*�N����J0 "��<HCE�#D*�|����AQ�� ?%BZ������! 7F&����(@����D*�* "�2F&�&)7)�3­R��®D¯>°²±>�³���< e�Ê '+Ñ����ñÊ£e���4þI�^�©¨�¨.ò�3
ð���ò�ó��@3[,|3\ô*F�<1����j�4��AM�£37�#���������c3X
|�N�!�&�!�r 7���4�� 7���j�4C�,-�4��A* 7A*�4���;ô.�!��D�FN��D*�!���TCE����ô� 7��(*)"�/« ���* SFX,6����(���D*��A���!<*�!��D*8#<B,6�&)7)\/|('�! "�� S���4�� 7���c3���¹§� · �6Ï ¶ �³��¯u� Ã Â�°º���I¦�+ ¦#ñÊ£^�4þI�<�¡¨�¨��*3
ð���þ4ó��@3-,|3Iô'F�<1���� ����AÜ�£3(�.�4�@�����c3Éô����!D�FG�!D*���H(�����A' 7FN�� 7��� ��C­����)7 7A��;Z� 7�j 7��Z����^�! "8.���� 7�����4CT(��4�!�&�.�� S�4)|�&�*����8#:��D*��CW��F&����3���Â�� ¶ �R¯ Ä ±>���áà Ã ¾ ·�·CÀ � â¤�<���^���©¨�¨�¨*3



ð��©¨4ó��@3@,|3�ô'F�<1��#�¾����A'�£3^�.�4�����&�c3Rô.�!��D@FG��D����TÿR�!��A* 7FN�� 7���B�4��A¾
��&�������� 7�����! "�#�$��CR,6�!:'�^���4)7)" 7�*�=,6����(@�#D*��A*��3R« ��r3#�Q�&:����©�[
�3³ø|�4D*�9���*�#�[����AMªR3�Ðª�����&�9�4���#�³��A' ?�!�����u�6�>�@¹§¯¿� ¶ �I°ºÂã�1�^�u�&°²±>�¸¯ Ä"ä °å�Ê� À °å�¡�e�º±>�\(��48#�������Ê£*ò§¥*3Ð  7)7�&:.M¸Æ|,6<1�eÐ��� "�*<��& 7���C §¥�¥� '3
ð  §¥4ó�,|3Ê�H��)")7�4��MY
|�!���&�* 7�uÅ'�©�4ô	3§�2 "���4��A��§�r3�ù*�&�!�&:��¤��3�,|3�ô'F�<1����1��æ\3�,-����F&������Z� 7F�������A��£3¤�.�4�����&�³3T,6�#�r(�D'�!�4�� 7������)
|���� 78����4�@A�ÿR�!��A' SFG�! "�#�£�4C*« �.���������^�! "��8 øK����M¸ÕR�N��M^ô�:��.��<*���� ��&��A¿ô.�!��D�FN��D*�!���]�4C*« �����!8#�4�� 7F9�Q�4������ S�4)S�=D��� 7�*8Ì-D* 7)SA' "��8�5��* "�­,6����F&�&('���­3��1�^�u�Î� � ¾e¯u�RÇ����@þ*+ ¦I�©¥� ¡£�¦I����ñ^�� �¥�¥� *3
ð  e�&ó�,|3��H�&)7)7�4�¾
|���§�&�� "�©Å��©�*�@3��£3IøK��JK�����'�*�=3¬�£3¬�2�#���9���#�|,|3���3-ù������&�9�4�#�|�4��A
�r3Iù*������:�3 
|��ø���Z��ÿu����A' SFG�� 7���B��CR« �����!8#�4�� 7F=ô.�!��D@FG��D�������
|�&Z���)"�#(@��A¾��<*�!��D�8�<A�KD'�!���9���!��A��|�����&�]P*)7:$��CRô'��FN�#��A*����:�Ì6D� ")SA' 7�*85��* "�!�=V¿�B�|ô^Ì-5h�Q�N��<���A@_G3��������u�����1�^�u�Î�#���I�³� �H� � � �������@ñ�¨�+  � #ò§¥Ê£e � #ò��e�� §¥�¥�¥�3
ð  � �ó���3Ê��3�,|3©Ðª�&Z#�&���u�§�@3�,|34ô'F�<7����#���4�@AD�£3¤�.�4�����&�c3e�2)7��P���)��|��(���FN�!�\�4C'�!<*�-ïu�*�&�!8�:�ª[�4��A*�!F&��(@�u�4C<�H�&�!�#�^���4P*)7�,6�!:'�^���4)cô.�!��D�FN��D*�!���I 7�'« ���* SF=,6����(���D*��A��&3*Çe�#Ó�� Ä ±��¼ç:��¹§� � �RÏ ¶ �¿�³���#����+ ¢§¦#þ�ò©£e¢§¦�¨�¨^�^�¡¨�¨�¨*3
ð  4ñ4ó��@3#,|3.ô*F�<1����#���£3 ��3 ,|3�Ð���Z����!�©���4�@A:��3��#�������&�c3{,6<��4����FN���&�! S�^�! 7F6����8� 7�����a�#���&�*����8#:=)7����A*�!F&��(@���a�4C{FN����(*)7�N%��:'�^�!�&�9��3¬Çe�#Ó�� Ä ±u�1��ç7Ï ¶ �è�^�HéH�u�@���@ñ§¦�+ ¦�¥�¦I��£�¦�¥��� ^�� §¥�¥I��3
ð  ¤¦�ó��@3#,|3#ô'F�<7����#����3§�=3.,|3§Ðª�&Z#�&���u�#�4��A:�£3��.�4�����&�³3*ïR�.���!��(* SF&��)")7:=���!�4P� ")7 �����A]����8� 7���r���]��<*�0���*�&�!8�:T)S�4�@A*��F��4(����C\���$ 7���* SFT����)7 7A{3HÇe�#Ó�� Ä ±��¼ç:��¹§� � �RÏ ¶ �¿�³�u¯>�#�¡�*+ �§¦�ò¤¨¤£e�§¦#þ�¢I�� §¥�¥�ñ�3
ð  ���ó��@3	,|3	ô'F�<1��#�c3Kô.��D�A*:. 7�*8X��<*�rïR�*����8#:/µK:�(��&����D*��CW��F&�=�4C��HD�)?�! ?M³�H 7�* "�9�¾ô�:'�^�!�&�9�0M6��<*�r`I<*������<���)SA¾����A¾��<��ª³ 7A��K)78��#�� "��<��¾3(Û��u¯u�1ÛH¾e�I±u��������±u���#�©¥�¥*+���ñ�þ#þÊ£C��ñ�¨I�����©¨�¨�¢�3
ð  §¢4ó��@3[,|3³ô'F�<1��#�#�1µ�3cÿRD'�!���[����Ag�£3#�#�������&�c3:« ��Z������� 78#�4�� 7�*8$��<*���&���&�!8�:H)S�4��A*�!F&��(@����C-FN�#�.�� 7�.D���D��­��:��������9�2M�!<*�­��<�������<*�#)7A¾�4)78��#�� "��<��¾3¬Çe�#Ó�� Ä ±u�¼ç:��¹¤� � �6Ï ¶ �¿�³���@þ�+��©¦#ñÊ£C�¡��¢^�^�¡¨�¨�¢�3
ð  #ò�óDæa3�,-�4��F��4�!�&Z� SF§�^�@3�,|3�ô'F�<7����#������A'�£3<�.�4�@�����c36ô.�!��D�FN��D*�!�T(*�!��A' SFG�! "�#�B�4CR���#)" SA*��+�µK��D*�! 7���� SFT�4)78��#�� "��<*�9�-CE�#�)7�'F&��){��('�! "�� ������! "�#�$�#�$<@�4�����!�&�NM�CE�'FVÅ9)"��Z���)�3�Ó�¯´¹¡Â¡��ê^¾IÂV¹¤� ¶ �¸ë�ì�ì§í§�C §¥�¥�ñ*3
ð  4þ4ó�µ�3Hµ����#�X����A\�£3H�.�4�����&�³3�ªc �Ø�ô���/3î¤����<*��>����^�B������<��#���&)7�&���4�����KF&��:'���!��)")7 ������$���¾�4�h�#�!A*�&�XZ����� S�4�.�X��C]��!<*�&�#���&�� SF&��)")7:9(*�!��A' SFG�!��A'��ï îñð Ì�ï îßð �����!D�FN��D*�!�2�^:.(���3(�������u�����1�^�u�Î�1�>�I�³� �H� � � ��������ñ#þ*+��©¨^�¡¥Ê£C�©¨^�����^�¡¨�¨�¨*3
ð  §¨4ó���36�.�4�����&���4��AL��3R,|3Rô'F�<1����³3jô.�!��DIÅ#�!D*�!Å�����A' SA*���!�&�£CV�D��Î��)�Å���)" 7���N�!��)")7�* "���! 7A*��3K­6�(���C¹¤¯¿���(� À¼À ���D�1�^�u�Î���¢� ¤¦@+ ��ñ�ñÊ£^�¤¦�¥^�^�¡¨�¨�þ�3
ð ñ�¥4óT
]3#ù\ S��F�<��&�u����A9�£3��.�4�@�����c3	ô':.�.�!<*�����KD*��A;ô����!D^Å.��D*�6Z����9ø|� 1 ø�31�������������#�I���9�@�>�I�³� �H� ����¦I��+���ò����Ê£@��ò��§¢I� �¥�¥� '3
ð ñ^�&óT
]3³ù\ S��F�<*���©�Ræ\3[,-�4��F��4�!�&Z� SF§�#�@3\,|3³ô'F�<1��#�#�[����A»��31�#�������&�c3/æ�D*��ô':.�.�!<*������D*��A£ô.���!D^Å.��D��=Z��#��öT1&ø�3'­6�� À¼À ���u�Î�#���C¹¤¯¿�����1�^�u�Î���@(��48#�T��F&F&�&('�!��A��I �¥�¥#ñ*3
ð ñ� �ó�µ�30ÿRD'�!�����@3�,|3Kô'F�<1����1�|�4�@A
�£3H�#�������&�c3õô.�!��D�FN��D*�!�jÿR�!��A' SFG�! "�#� CE���Q,6��:'���!��)")7 "���j,-� 1 ô� ²Ì6� ÷ D@�� 7�*8Ä�4�ïu��Z. 7�!���*���&�.�0
���(@����A'���#��ÿa�������#�! 7��)�3�­6�#���C¹¤¯¿���#� À¼À �����1�^�u�Î���C¢� ��'+��©¢� §¦¤£C�©¢�ñ�¥^���©¨�¨�¨�3
ð ñ�ñ4óDæa3@,-�4��F��4�!�&Z� 7F��e��3@,|3@ô*F�<1����#�*����A'�£3I�.�4�����&�³3�°¼� · ¯´� ·^¶ ¯ ¶ �¸°º¹¤�<�@ �¥�¥�ñ�3
ð ñ§¦�ó���3eÆµ�&8.���©�^�=3<�2�!�&��F�<*�* �Å@�'ö�3�ô�:.���!�����#�e«G3^ªc�.�^�^�£3^µ|�4�eò��4��A��@�4��A��£3^�.�4�����&�c3�Ë0��Z����!�� "P�)"�­`³���4�@�� "�� 7�����- 7�ø|��÷�ô95K��A*�&�6ÿu��������D*�!��+6�¨,6����(����� S������J0 ?�!<9��<��­,-���! "�#�/�K�!����:� 7�Xø��#÷�ô�/ Ø 37�BÂu� ¶ �R¯ Ä ±>���@ÛH�^�.ò�+��¡�e��£@�Ê�§¢^� �¥�¥I��3
ð ñ���ó���3^�2�´����F�<*�* �ÅC�e�=3�Æµ�&8.���©��ö�3'ô�:.���!�����#��«G3eª³�#�^�e�£3eµ|�4�eò@����A��'�4�@A/�£3e�.�4�����&�c36Ë0�&Z#�&���� 7P*)7�����#�! åò@D*���! ?�!���!����.�� SFN�4�!D*�*�* "���=ÿu<������­`³���4���� "�� 7���¾ "�Aªc ÷ ô¾�4�Hµ� "8#<HÿR�!���!��D*�!����3¬Ç�� Ã ¹ À ° �NÃ � ¶ �³�N�1�I���9����(���8���¢�¥#ñ^�I §¥�¥�¥�3
ð ñ�¢4ó��r3CÌ-�&�!8�����<*��L6�CËT3CµKD*�@A��©�1Ë=3	ô� 7�&Z#�&���u�	�4�@AA«G3{
�3�Ì-����J0�³3|`I<*�&« �*���!8#���* 7Fr,6��:'���!�4)aô.���!D�FN��D*�!�]
2�����4P��#���#3Çe�(�1�^�u�Î�1�>�©Þ��H��¹§� · � Ã Âu°º���@ �ñ*+ ¢�¢¤£�¢�¨I�I�¡¨�þ�ñ�3
ð ñ.ò�ó���3�Ì-��FVÅ#�&�R�4�@A:��3��.�4�����&�c3{ô�:��.��<*���� S�µ��C{ÿa���!�#���� "D�� ,6:#�����4�� SA'���.�4��A;,6�!:����!��)@ô.�!��D�FN��D*�!��
|�N�!�&�!�r 7���4�� 7���P�:�ÿµ�����&���=/|('�� 7�� ������! "�#�r��C@�!<*�2,6�.�^�Rù*D���FG�! "�#����Ò�ª³������ SFN�0ïR���&�!8�:eÒ|����AÎÒ�ÿa��JKA'���R« �#�!�&���� "�� 7���!Ò*3 Ã ¹ À � Ã � ¶ �³�Ã Â�°º���@ '+ ò�����£*òe�¡�e�� §¥�¥�¥*3
ð ñ�þ4ó���3*ÿa����(@�&�´�©Å. {����A"��3^�#���������c3aø����!�� 7D*�������*����<* 7��(�<*�#��(*<��4�­VºÆ2_G+@ö­�� S�^���4)7)7�����!D^Å.��D��-D���A$ø|���!�� 7D*�� "�#�*�&�*M)7�& "��Cñ���<* 78�Å��� ?��3�­6� ¶ �C¹¤¯¿��� ¶¤À¼À ���¬�1�I���9���<¢� 4þ*+ ¢§¦<�>£e¢§¦�¢I�� §¥�¥� *3




