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Ö�×	Ö8Ø/ÙaÚtÛ�Ü'ÝkÞ«ß9Ýkà!á9ÞtÝkÚcâ�ã;ä$å9à!Ý
à@æ¾å'Þcç�ä:Þ�å'ç�ç�è�éMÝ
à!ä�ÚcÛ�ê�ë�Û:á8ÝkÛ ×}×~×}×}×~×}×~×}×}×}×}×}×~×}×�ì�í8í
Ö�×	Ö%îÄÙaÚtÛ�Ü'ÝkÞ�ë�Û:ê�ï�ä�ð�ç�ñ9Û�ê�Ý}ÚtÛ

[Cu(CN) · (bpd)]
×}×3×~×}×~×}×}×~×}×~×}×3×~×}×}×~×�ì�í%ò

Ö�×	Ö8ó�ô�ëzè�ï�ä�ð�ç�ñ9Û�ê�Ý3ß8Ý
à!á8ÞcÝkÚcâ�ã4ä�å9à!Ý
à�æ³å9Þ\ç�ä�Þtå'ç!ç#è�éMÝ
à!ä�ÚcÛ�ê�ë�Û�á9ÝkÛõ×}×~×}×~×}×}×}×}×}×~×}×�ì�í%î
òz×cì öQå9â�ã,ê�Ý
àQ÷;ç�å9Û�ê�å9à!êzè�ø�Ý
ç!ã�ù4ê�Ý3Ýkà!ã�å9Þcç!ÝkÛ�Ý}úAà!Úcð�ç�å'ÞtÞtÝ ×~×}×}×~×}×~×}×}×}×}×}×~×}×�ìYò'Ö
òz×�û ü3ÝBý&å9ã�à�ÝkÛ�ã�ÚcÛ%þ�Ý
Útð!Ý3ë�Û:ê�÷zÚcâ�ã�Ýkà�ã�ÝkÚ\ç�ð�à�å'ç!ð!â�ã�Þtñ9á8Ýÿ×~×3×}×~×}×}×~×}×~×}×}×}×}×}×~×}×�ì�Ø:ì
Ø:×cì �SÚtÛ�á8Ý
ð!ÝBç��
ç!Ý2ü3ñ9ð#ç�Ý·×}×~×}×}×}×}×}×~×}×~×}×}×~×}×~×3×}×~×}×}×~×}×~×}×}×}×}×}×~×}×�ì�Ø9Ö
îz×cì ü3ë:Ýkð�ç!ð�ë:ð!Ýkê ×}×}×~×}×~×}×}×}×}×}×~×}×~×}×}×~×}×~×3×}×~×}×}×~×}×~×}×}×}×}×}×~×}×�ì�Ø8Ø
ì8ì8×\ì éMÝkà��kÝkÚcâ�ã�Û�Úcð@ê:Ýkà@å9ë:ý á8Ý
Ü;Þ�ñ9à#ç�ÝkÛ,úAà!Úcð�ç�å9ÞtÞcð�ç�à�ë�Ü%ç�ë�à�ÝkÛ ×}×~×}×}×~×}×~×}×}×}×}×}×~×}×�ìYîzì
ì8ì8×�û�úAà!Útð#ç�å9ÞcÞtê$å½ç�ÝkÛ�ß8ù8Û?ô�ù

B
÷zÛ�ú3à ×}×~×}×~×}×}×~×}×}×}×}×}×~×}×~×}×}×~×}×3×~×}×~×}×�ìYî9û

ì8ì8×	í|úAà!Útð#ç�å9ÞcÞtê$å½ç�ÝkÛ�ß8ù8Û?ô�ë
G

÷zÛ$úAà�×}×~×}×}×~×}×~×}×}×}×}×}×~×}×~×}×}×~×}×3×~×}×~×}×�ìYî'í
ì8ì8×ÀÖ�úAà!Útð#ç�å9ÞcÞtê$å½ç�ÝkÛ�ß8ù8Û���Ý��´ê,×}×}×}×}×~×}×~×}×}×~×}×~×3×}×~×}×}×~×}×~×}×}×}×}×}×~×}×�ìYî'Ö
ì8ì8×�ò�úAà!Útð#ç�å9ÞcÞtê$å½ç�ÝkÛ�ß8ù8Û?ø�ù

G
÷zÛ$úAà�×}×~×}×}×~×}×~×}×}×}×}×}×~×}×~×}×}×~×}×3×~×}×~×}×�ìYî9ò

ì8ì8×	Ø|úAà!Útð#ç�å9ÞcÞtê$å½ç�ÝkÛ�ß8ù8Û?ø�ù
O

÷zÛ$úAà|×}×~×}×}×~×}×~×}×}×}×}×}×~×}×~×}×}×~×}×3×~×}×~×}×�ìYî'Ø
ì8ì8×�î�úAà!Útð#ç�å9ÞcÞtê$å½ç�ÝkÛ�ß8ù8Û?ô�ù

O
÷zÛ$úAà ×}×~×}×}×~×}×~×}×}×}×}×}×~×}×~×}×}×~×}×3×~×}×~×}×�ìYî9î

ì8ì8×	ó|úAà!Útð#ç�å9ÞcÞtê$å½ç�ÝkÛ�ß8ù8Û	�@ë
F

÷zÛ�ú3à°×}×~×}×~×}×}×~×}×~×3×}×~×}×}×~×}×~×}×}×}×}×}×~×}×�ìYî9ó
ì8ì8×�
|úAà!Útð#ç�å9ÞcÞtê$å½ç�ÝkÛ�ß8ù8Û	�@ë

F
÷zÛ�æ¶Ú�×}×~×}×~×}×}×~×}×~×3×}×~×}×}×~×}×~×}×}×}×}×}×~×}×�ìYî�


ì8ì8×\ì�
%úAà!Útð#ç�å9ÞcÞtê$å½ç�ÝkÛ�ß8ù8Û	�@ë
G

÷4Û$úAà�×}×~×}×}×~×}×~×}×}×}×}×}×~×}×~×}×}×~×}×3×~×}×~×}×�ì�ó�

ì8ì8×\ì8ìYúAà!Útð#ç�å9ÞcÞtê$å½ç�ÝkÛ�ß8ù8Û	�@ë

N
÷zÛ�ú3àa×}×~×}×}×~×}×~×}×}×}×}×}×~×}×~×}×}×~×}×3×~×}×~×}×�ì�ózì

ì8ì8×\ìYû8úAà!Útð#ç�å9ÞcÞtê$å½ç�ÝkÛ�ß8ù8Û	�@ë
Q

÷4Û$úAà�×}×~×}×}×~×}×~×}×}×}×}×}×~×}×~×}×}×~×}×3×~×}×~×}×�ì�ó8û
ì8ì8×\ì�í%úAà!Útð#ç�å9ÞcÞtê$å½ç�ÝkÛ�ß8ù8Û ì�
8í8å+×}×}×}×}×~×}×~×}×}×~×}×~×3×}×~×}×}×~×}×~×}×}×}×}×}×~×}×�ì�ó8í
ì8ì8×\ì�Ö;úAà!Útð#ç�å9ÞcÞtê$å½ç�ÝkÛ�ß8ù8Û ì�
9Ö%å+×}×}×}×}×~×}×~×}×}×~×}×~×3×}×~×}×}×~×}×~×}×}×}×}×}×~×}×�ì�ó9Ö
ì8ì8×\ìYò8úAà!Útð#ç�å9ÞcÞtê$å½ç�ÝkÛ�ß8ù8Û ì�
%î9å+×}×}×}×}×~×}×~×}×}×~×}×~×3×}×~×}×}×~×}×~×}×}×}×}×}×~×}×�ì�ó%ò
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Ï�Ò�ÐÂÕtÖ�Û8ÜîÏCÐ Ñ��qÖ�Ø�ê_åwÒ���Ù�Ø�Ò�ïgÕ�ØLê�ðzÐ�Ý>Ü�ï�Ï�ÐÂÐ Ñ�ÜtÖ�×pÝ4Ð Õ�ßuÙCÑ4Ï�Ð*Õ!Þ���çÊÐ Ñ�Ð ÒpÕ�Ø�Ý4Ò�èYè�Ð*Õ!ä��wÕ�Ï�Ð*Ñ4Ð*Ñ4Ø4Ð*ÒpÝ4Ø
ã&Ö�Õ�ÕYÏ�Ù�Ñ4Û8Ü�Ï�Ò�Ð*Ø4Ð��æÑ4ã�Ð*Õ�Õ6Ý>Õ�ÒpØ(ÏtÖ}ØxôjÑ4Òpè�Ð�Ý>Ü6ø�×�à ÒpÕ�Õ�Û8Ü�×pïgÑ4ÒpÏ~Ö�Ù�Û8Ü�Ò�ÕYÔgÐ ×pügØ�Ý4Ð Ñ0ìtïgÑ4è Ò�Õ^Ï�Ð Ñ��qÖ�Ø�ê
åwÒ���Ù�Ø�Ò�ïgÕ�Ø�è�Ð�Ý>Ü�ï�Ï�ÐYÐ ÒpÕ�ÔgÐ Ø�Ð*Ý4à*Ý~ßxÐ Ñ4ÏCÐ Õ!ä��#Ò�Ð*Ñ4Ï�Ù�Ñ�Û8Ü ßuÒ�Ñ�ÏâÐ Ò�ÕCÐ�ßxÐ ÒpÝ4Ð Ñ�ÐHéAÐ Ñ�×SÖ�Õ�Ô�Ø>Ö�è@ÙCÕ�ÔeÏ�Ð*Ø
� Ñ4ïgà*Ð Ø4Ø�Ð ØUÐ*Ñ4Ñ4Ð*Ò�Û8Ü6ÝWÞxÏtÖúÏ�ÒpÐöÓJÙCç�×�ÒpèHÖ}Ý4Ò�ïgÕÚÏ�Ð*ÑUÿkÑ4ÒpØ�Ý8Ö}×�×�ÐUØ�Û8Ü�Õ�Ð*×�×�Ð*Ñ��gï�Õ�Ø�Ý>Ö}Ý4Ý4Ð ÕîÔgÐ*Ü%ÝUÖ�×�ØYÏ�Ò�Ð
åwÒ���Ù�Ø�Ò�ïgÕ Ö�Ù�ØYÏ�Ð ÑYß��}Ø4Ø4Ñ�Ò�ÔgÐ*Õîû�ügØ4ÙCÕ�Ô�äAí_Õîÿ|ï�è@ç�Ò�Õ�Ö}Ý>ÒpïgÕÚè�Ò�Ý! #Ð Ö�ã6Ý>Ò�ï�Õ�Ø�Ý4Ð èYþ�Ð*Ñ>Ö}Ý4Ù�Ñ4Ð*Õ�Ù�ÕJê
Ý>Ð*Ñ
"$# ë���Ü�Ñ�ÝwÏ�Ò�Ð*Ø[à ÙCÑký(Ò�×pÏ�Ù�Õ�Ô!�gïgÕ%�æÒpÕ�ã%Ñ4Ò�Ø�Ý8Ö�×p×�Ð*ÕÂßuÒpÐ�à�ä�ýwä�Ï�Ð Ø

[(Me3Sn)2Pd(CN)4],
Ï�Ò�Ð

à Ù&��ïgÑ^Õ�Ò�Û8Ü6ÝYÐ Ñ�ÜtÖ�×�Ý>Ð ÕâßxÐ Ñ�Ï�Ð Õ ã}ïgÕ�Õ6Ý>Ð*Õ!ä0åwÒ�Ð*Ø4ÐzðzÐ�Ý>Ü�ï�Ï�Ð�ßuÒ�Ñ4ÏÚÒpè ëPïg×pÔgÐ Õ�ÏCÐ Õ�Ö�×�Ø'	�ß��}Ø4Ø4Ñ�Ò�ÔgÐ
�FÖ}Ø�êLå|Ò���Ù�Ø4ÒpïgÕ�Ø�êLðzÐ*Ý4Ü�ï�Ï�Ð(�[ç�Ð*à Ð*Ò�Û8Ü�Õ�Ð�ÝWä

)+*,* ½�¼t½�-/. éAÐ Ñ�Ø4Ù�Û8ÜCØ>Ö�ÙCëPç�Ö�Ù�Ï�Ð*Ñ<ß���Ø�Ø4Ñ�Ò�ÔgÐ*Õ0�qÖ�Ø�ê_åwÒ���Ù�Ø4ÒpïgÕ�ØLê�ðzÐ�Ý>Ü�ï�Ï�Ð�ä
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P3QSR&TVUCQXW�Y�Q�ZV[�U�\]UC^>[�UC_a`bU
cdRVefTg`bhVi&\kj]l]i�m�[�i&n�Q�[�op`fY�_�_�UCi!hViVZqZVY�r$[a`X\]UCo�[�efTVU>Q�`bUts�hVoSoSY�\]U>iqRVuvU>Q
ZV[�UXj�l]QS_�[�U>\]UCiVZ&Uxw�`SQShVng`bh&QyZVU>Qyz�UCQ�uV[�iVZ&hViV\
^>h&{<|�_�_�[�\&}�\]_�U>[�efTVU�w�`SQShVng`bh&QSUCi~n�l]iVig`bU>i�i�h&Q�Y�iVTVY�iVZ
[�ZVUCig`b[�oSefTVU>Q~�t���
o�[�ZVU>i�`S[��3^>[�U>Q�`~W�UCQSZ&UCi/���8[a`!��[�_a{�U�ZV[�UCo�UCQ�iVUCh&UCi��tQ�[�o�`bY�_�_�[�oSY�`b[�l]iVoSr!U>`STVl�ZVU
[�o�`xi�hVi�UC[�iVUto���o�`SUCr$Y�`b[�oSefTVU��No�`bQ�hVng`bhVQ�UC_�_�U���ig`SUCQSo�hVefT�hViV\!j]l]i���[�Qp`��p��Y�op`���z�U>QSuV[�iVZVhVi&\]UCi+Z&UCo

super
�
��UCQS_�[�iVU>QSuV_�Y�hD���X���Vo�r!�]\]_�[�efT/�

��r i3Y�efT&{�l]_�\�UCiVZVU>i���Y��V[a`bU>_�W�U>QSZVU>i�ZV[�U%oSl Z3Y�Q�\]UCop`bUC_�_�`SUCi¡TVl]r!l]_�U>�&`b[�oSefTVU>i¡z�U>QSuV[�iVZVhViV\�UCi
i3|�TVUCQ¢uHUCoSefT&QS[�U>uvU>i/�
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½�¾]¿!ÀVÁ�ÂÄÃDÂ�Å3ÆVÇ�Â'È�ÉVÊ
Â>Ç�ËVÂ>Ì�ÍdÂ>Ë�ÎSÌbÈ�Á�ÂCÇ�ËVÏVÂCÇaÎ¢ÉVËVÆÐË�ÉVÌ�ÂCÇ�ËVÂCÌ�ÑÒÇ�ÓgÈ�ËVÆVÂCËVÈ�Ì�Î�È�É&Ô�Ó�ÂCÕ3È�ÉDÎ
Ê�Ç�ËVÆ/Å3Ö�ÂCÌ
×
ÆVÂCË�Ç�ËØÆVÂ>Ì0½�¾�¾]Ì�ÆVÇ�Ë3È:ÎbÇ�¾�ËVÊSÙfÏVÂ>¿$Ç�ÂÐÚ�ÏV¾]¿!¾]Á�ÂCÀ&ÎSÇ�ÊSÙfÏ�Û®Ó]ÂCËVÈ�ËVËgÎ�ÜtÝ
È�Ë3È�ÙfÏ�Ö�ÂCÌ�ÆVÂCËÞÆVÇ�ÂàßÄá@â3ãÄäE×
å�ÂCÌ�Á�Ç�ËVÂCÌ�ÕVÁ�È�É�×�æ�ÂCÌ�ÕVÇ�Ë&ÆVÉVËVÓ]Â>Ë/Å�ÆVÇ�Â�Ë�É&Ì�È�ÉVÊyç�ègÈ�ËV¾]¿!Â>ÎfÈ�Á�Á�È:ÎIÈ�Á�Ê,ÍdÂCËgÎSÌbÈ�Á�ÂCÇ�Ë&ÏVÂCÇaÎéÉVËVÆkêIÌSÇ�¿$ÂÄÎbÏgè�Áa×
ë Ç�ËVËVì:È�ÎbÇ�¾]ËVÂ>Ë+È�Á�Ê�Ú�å�ÌSíVÙfì�ÂCËVÁ�Ç�ÓgÈ�ËVÆ�Û
ÕvÂ>Ê�ÎSÂCÏVÂ>Ë/Å3È�Á�Ê�ÏV¾�¿$¾]Á�ÂCÀ&ÎSÇ�Ê�ÙfÏ�ÕHÂ ë Â>Ç�ÙfÏVË&Â>Î�ÜV½�¾�¾]ÌSÆVÇ�Ë3È�ÎSÇ�¾]ËVÊ
×
Àv¾�Á�è�¿$Â>ÌSÂ�Å/ÆVÇ�Â�Ç�ÌSÓ]Â>ËVÆ&Ö�ÂCÁ�ÙfÏ&Â+î�ï�Ê�ÎSÂ�Ç�¿ñð�Ç�Ì�ÎbÊ�Ó]Ç�Î�ÎbÂ>ÌtÂCËgÎbÏ3È�Á�ÎbÂ>Ë/ÅÒÊSÇ�ËVÆ®ÊS¾]¿!Ç�Î�ÏVÂÄÎbÂ>ÌS¾]Á�ÂCÀ&ÎSÇ�ÊSÙfÏ&Â
æ�ÂCÌ�ÕVÇ�ËVÆ&ÉVËVÓ]Â>Ë/ÜVå�Â>Ç/ÆVÂ>Ë�ÆVÈ�ÌSÓ]Â>Ê�ÎSÂCÁ�ÁaÎbÂ>Ë+ÏV¾]¿!¾]Á�Â>À&ÎbÇ�ÊSÙfÏVÂ>Ë�½�¾�¾]ÌSÆ&Ç�Ë3È�ÎSÇ�¾]Ë&ÊSÀH¾]Á�è�¿!ÂCÌSÂ>Ë$Ç�Ê�ÎxÇ�ËqÆVÂCÌ
ò ÜgîtÌSÉ&ÀVÀvÂxÂ>Ç�Ë!óD¾�ËVÆVÂCÌpÔ<È�Á�Á ë É�ÕHÂC¾]Õ3È�ÙfÏ�ÎSÂCË/ÅgÆ&ÂCÌ�Æ3È�Ì�Ç�Ë~ÕHÂCÊpÎbÂCÏgÎCÅgÆ3È�ÊSÊ�ÆVÇ�Â�Ê�ÎbÈ�ÕVÇ�Á�Â�½tÌ�Ç�Ê�ÎbÈ�Á�Á�Ê�ÎSÌSÉVì]×
ÎbÉVÌôË�ÉVÌôÆVÉVÌSÙfÏõÆVÈ�Êôæ�¾�ÌSÏ3È�Ë&ÆVÂCËVÊ�ÂCÇ�Ë6ö]¾]Ë¬ð÷È�Ê�ÊSÂ>Ì'ÂCÌ�Ï3È�ÁaÎbÂCË¬ÕVÁ�Â>Ç�Õ&ÎCÜÒø�Ë÷ÆVÇ�ÂCÊSÂ>¿úùNÈ�Á�Á�ì:È�ËVË¬ÆVÇ�Â
æ�ÂCÌ�ÕVÇ�ËVÆ&ÉVËVÓ!ËVÇ�ÙfÏgÎ�Ó]Â>ÎSÌS¾�Ùfì�Ë&Â>Î�Ö�Â>ÌSÆVÂ>Ë/ÅvÆVÈ$ÊS¾�ËVÊ�Î�ÆVÇ�Âô½tÌSÇ�Ê�ÎbÈ�Á�Á�Ê�ÎbÌ�ÉVìgÎbÉVÌ ë ÂCÌ�Ê�Îbû�Ì�Î�Ö¢Ç�ÌSÆdÜHóD¾]¿!Ç�Î
¿kÉVÊ�Ê�ü�ÂÄÎ ë Î�Æ&Ç�Â�ÏV¾]¿!¾]Á�Â>À&ÎbÇ�ÊSÙfÏVÂ�æ�Â>ÌSÕVÇ�ËVÆVÉVË&Ó$ÉV¿ýÆ&ÂCË8å�ÂCÊpÎfÈ�ËVÆDÎbÂCÇ�ÁÒð÷È�Ê�ÊSÂ>Ì�Â>Ì�Ö�ÂCÇ�ÎSÂCÌpÎ�Ö�ÂCÌ�ÆVÂCËdÜ
Ý
Ç�Â>Ê!Ô�í&ÏVÌ�Î ë ÉþÆ&ÂCÌ!Ú
óD¾]ËVÆ&ÂCÌSÊpÎbÌ�ÉVìgÎbÉVÌ�Û [(Me3Sn)4M(CN)6 · 4H2O]

¿!Ç�Î�ÿ � ù3Â 2+ Å��¢É 2+ Å� Ê 2+ Ü
�����	��
���
���� Á�Á�Â ë É&Ì+ÍdÂ>Ç�Î�ÕHÂCì:È�ËVËgÎbÂ>ËþÏV¾�¿$¾]Á�ÂCÀ&ÎSÇ�Ê�ÙfÏVÂCË ½�¾�¾]ÌSÆ&Ç�Ë3È�ÎSÇ�¾]Ë&ÊSÀH¾]Á�è�¿!ÂCÌSÂ$ÆVÂCÊqßÄá@â3ãÄäE×

å�ÂCÌ�Á�Ç�ËVÂCÌ�ÕVÁ�È�É�×�ê�èDÀ&ÊCÜ

� Ü îtÌSÉ&ÀVÀvÂ ò Ü îtÌSÉVÀ&ÀvÂ �&Ü îtÌSÉVÀVÀHÂ £�¤ Ü îtÌSÉ&ÀVÀvÂ £]£ Ü îtÌSÉVÀ&ÀvÂ

[(L4M(CN)8] [(L4M(CN)6 [L3M(CN)6] [L2M(CN)4] ��� [L3M(CN)4]

·4H2O] ��� [LM(CN)2]

ÿ�� ç�Ì���×�� ÿ�� ù3Â�� 4[8] � ÿ�� ç�¾ � 4[4] � ÿ!�#"�Ç	� 4[5] � ���%$'&)(+*-,/.0�
ÿ�� ÿ8¾ � √ � ÿ��1�¢É2� √ � ÿ��1�¢Ï3�54�� ÿ!�#6�Æ2� √ � ���%$'&87	9�,/.0�
ÿ��Þð � 4[5] � ÿ!� � Ê:� 4[5] � ÿ�� ø�Ì;�54�� ÿ��<6�Î��=4>� ���%$'&87	*
Ñ?�

(CH3)3Sn+4@��æ�ÂCÌSÕ&Ç�ËVÆVÉ&ËVÓ]ÂCË�ì�¾�ËVËgÎbÂCË8ÕVÇ�Ê¢Á�È�ËVÓ~Ë�ÉVÌ�È�Á�Êx¿!Ç�ì�Ì�¾]ì�ÌSÇ�ÊpÎfÈ�Á�Á�Ç�ËVÂCÌXå�ÉVÁ�ì+ÂCÌ�Ï3È�ÁaÎbÂCËqÖ�ÂCÌ�ÆVÂCË/Ü
×�� æ�¾]¿ ç�Ì¢ÉVËVÆ�ÆVÂCË-A�Á�ÂC¿!ÂCËgÎSÂCË�ÆVÂCÌCBDÜHîtÌSÉVÀ&ÀvÂtÊ�Ç�ËVÆ�ÕVÇ�Ê�Á�È�Ë&Ó~ì�ÂCÇ�ËVÂ;6,¾]Áaè�¿$Â>ÌSÂtÕHÂCì:È�ËVËgÎ�Ü
4 � ó�ÎSÌSÉVìgÎbÉ&Ì�ÕHÂCÌ�ÂCÇaÎbÊxÕHÂCì:È�ËVËgÎ�Ü
√ � ó�ÎSÌSÉVìgÎSÉVÌ¢ì�¾]ËVËgÎSÂ Ç�¿D��È�ÏV¿!ÂCË�ÆVÇ�Â>ÊSÂ>Ì � ÌSÕHÂCÇaÎ¢Ó]ÂCÁ�û]Ê�ÎxÖ�ÂCÌ�ÆVÂCË/Ü
Ý
Ç�Âôó�ÎbÌSÉ&ì�ÎSÉVÌ¢ÆVÂCÊE6I¾]Á�è�¿!ÂCÌSÊ

[(Me3Sn)4Fe(CN)6 · 4H2O]
Ö¢ÉVÌ�ÆVÂ £ �F� £ ö�¾]Ë8å�ÂCÏVÌ�ÂCËVÊ�Â>Î�È�Á Ü [8]

ö]Â>ÌSûHGvÂCËgÎbÁ�Ç�ÙfÏgÎ�ÜdÍdÉÐÆVÇ�ÂCÊ�ÂC¿ ÍdÂCÇaÎbÀVÉVË&ì�Î
ÓgÈ�ÁaÎ�Æ&Ç�ÂCÊ�Â'æ�ÂCÌ�ÕVÇ�Ë&ÆVÉVËVÓ$ËV¾DÙfÏ0Ë&Ç�ÙfÏgÎtÈ�Á�Ê�Ï&¾]¿$¾�Á�ÂCÀDÎbÇ�Ê�ÙfÏ/Ü



I�J�K LNM�OQP�RTSVU>M=W3XYS�Z\[^]�_`M�aba�cdPeSVXYSVU�f�gH[\f�a^hji+f�]�]/f�kbf�Sml�RonpX
3 q a�c 2 r ksRut�vwc 4 x yFy

z|{~}����F�H}��o{E�o�����o{0�	�F{0���H���;{0�s������}��H�o��� [5] �`��� �o�d{~����{ � ��{~�	��{0��{~����� � �����H��� � �d��� ��� �����d{~��}�� � �;� � ����`� � �e�d�H����{���{~��� {~�o¡ � ��������� [(Me3Sn)4Os(CN)6 · 4H2O]
���H�o¢~���e�o{0����{0�|£¥¤¦���e��}¨§ � � �ª© �>��� ��� ���{~�¬« � �w�����`}��H�e���­«F{~�e®s{0����{Q�d{~�2��� � �e������� � �d��� ��� ���e�d{~��}�� � �¯�F{0���H���¯{~� ���±° ��} � {~� � � {0�o{~��²¦�T�¡\{ � � � � � ���`� � �e��������{³��{~�¯� � ��}µ´/{0}���{0����{~� � } �H��� � � �F{~� ° ���d}�{~� � � � �5� {0�o¡ � ���������3¢~�)¢0¶���}Y�d{~��£·+�H¡\{0����{2¸�£ y ¢~{ � ��� { � ��{2¹E¡º{~�o� � ��}Y�»�H����{0�³¢0���¼z|{ � ��¡º{~�>�H���Y�d{~�p} �F��� ��{~��� � �o��}�{~�p� ��� �o� � ���>�� ��� ���e� � ��½ � {~�o{¾��{~��¿QÀVÁ�ÂQÃ��ÅÄ�{0�e� � ��{0�o¡��Æ�H���Ç·	½����~£^È � {0�o¡\{ � � �e�:¢0�2{~�e®��H�e�o{0� � ���H�e��� � {¯É��o�o���Y�o����e{0�¼��{~�¬Ê � ��½ � {~�o{ � ����{~�o}�����¡�{ � ��{~�¦} �H��� � � �F{~� ° { � }�{ � � � ���d�o���`�o���o{~���b� � ����£º¤ � {�¤¬�H�o���d{~�����������{~�Ë� � ����� � �����H����{Ë« � � [(Me3Sn)4Mo(CN)8]

�����
[(Me3Sn)2Pd(CN)4]

�����¯��� ��� �	� � {¦ÌÎÍF�e�����
� }��o{~�ÏÉ��d���`�o���o{~� � �H��}Y�d{���{~�³� {~�o�F��{ � ��} � ����{~�o}�����¡���{~�EÐ­�e�����\{­Ñ¾����� yÓÒ {0�o��� � ÍF�H� � ��}|£�¤¬������ ��¡º{~�e���>� � ���d{�� � ��}Ô� � {¯²C�����H} � { � ���H�o�N� � {¯� {0�e¡ � ���������F{~� � ����{~�o}�����¡?{ � ��{0��Ð��o�����º{�������{
� � � ���d�o���`�o���o{~����� � ���|£
Õ¾Ö0× ØÚÙ0Û|Ü%ÝHÞÎßàÙ~á âËÞbã¾ä�åQæËÙ0ç�ç è�Ü�Þ^âËÞÎß%é;êsäNé;ç�ë:ì³é­å~å~é;í³é­ÞEÝYî^î^è

ï ÝYð â
3 ñ ç è 2 ò íÔÝ�ó#ôõè 4 ö

¤ � {�¿QÀVÁ�ÂQÃ��ÅÄ�{0�e� � ��{0�e¡��Æ�H���T� ��� �e� � ���>� ��� ���o� � ��½ � {0�e{¦��{~� yFy £|Ð��o�����\{�� � ���Y�d{~�w¡ � �e�Æ�H�����`�����H������ �`� � ��� � �����H��� � ��{0�;Ä������3{0�e}��H�ª�d{0�Ô®s{0�o��{0��£sÉ �F��� ��� � ���÷� � {�Ê����;�����÷Ê%�e�5� {0�o¡ � ���������F{0�ø� � {{ � ��´��H��}��e�d{~��¿QÀVÁ�ÂQÃV�TÄ�{~�o� � ��{0�e¡��Æ�����T� ��� �e� � ����� ��� ���o� � �ù½ � {~�o{ � « � ����{0��{0��{ � ��{Ï�­� � �����H�����e�o�o���Y�o������H���H��½��o{N« � �o� � {0���Ó£ yVúFûHÒ ®Ï���o��{~�2� � {¾} �H��� � � �F{~�wÊ ���¦�����2Ê%�e�5� {0�e¡ � ���������F{~�3���H�;{0�e�e�o{¯§����« � � üE� � � {Q�¬���5£ [9, 10] ¡º{~�o��}�� � {~¡º{~��£|¤ � {;{0�o}��H���o{0��{~�-� {0�e¡ � ���������F{~�-®��H�o{~��� � ® � }�� � ��ý3�H�o�e{0��H�����H����} � � � �o�Y��� � �e��}�{0�»ÌÎÍF�o�����F� ��� �e�d{~��� ������ÍF�e� � ��}|£|¤ � {0�e{N·à���o�d�H��}�{������w� � {@þ`�������d��� � �e��}�������H���H�e{¼� ��� �e� � ���>� ��� �÷« � �ÿÊ����������m¡�¢Q®­£ÏÊ������	����´/¶�}��e�o{0� ���H¢~� � ���H�e�³üC� � � {Q�³�H�5£	´/¶���� � {Ê � ��½ � {0�o{¥{ � ��{¥����{0����� � ��}�{ � ¢Q®�{ � � ��� {~��� ��� ���H��{¥É��o�o���Y�d��� « � �d�����o�o�H�H�d{ �Y� }���{Ï{ � ��{¥� � ���`� � �����H���ª����d�o���`�o���d�����H��½��e{@« � �e¢0����{0�F{~��£�²¦����}�
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ÍJ¹FÊK¸FÃ
ÍhÅTµ�Ç�Ã
Í4È�É�¹F¹�âKÉ�¼�ÊKµgæÂÊ	Ð�º�Ê	µ&Úkæq¸�Ê�º�¸FÊ:¶Oµ�µ�Ç�Í�ÆrÊ
Û�·'ÊKÐ!È"¸�ÊKÐCÑSÌ�Ã
Í�¸�Ã
Í4Å�Ê	µ�ÊKÐSËNÉ�¹�¼�Å�Ê�¿&åO¸�Ê	Î[¹F¸�Ê	¼�ÅTÇ�µôº�ÊKÐT¶�ÐEÅ�Ú&æq¸FÊ�ÊK¸�µ�ÊrõqÊ	ËNÊ	Ð�Ê	µ�âKÊ	·�Ê	µ�Ê\¸Fµôº�Ç�Î8ð!ÐE¸HÑ
ÎEÅ�Ç�¹�¹F¼�¸FÅEÅ�ÊKÐb¼�ÊK¹FÊK¼�ÅRæq¸�ÐEº&¿hÞkÊK¼�Å¯ÆrÇ�µrº�¸�ÊDõDÊ�ËNÊKÐEÊKµ�â	ÊK·'ÊKµ�ÊP¸FµrÊ	¸�µ�Ê	Æ+ö÷¸�µ�Ä�ÊK¹'»�µ�¼�¹FÊK¸FÃ
Í\ø í�ù â	»\º�Ê	µ
Ì�Ã
Í�¸FÃ
ÍhÅ�ÊKµ&ÚkÎEÉxÄ�Ç�µ�µgÆ\Ç�µ<âK»ôº�ÊKµ]Ë�Ç�¹FÎ�Ã
Í�Ê	µ�Ì"Ã
Í�¹�»�ú�ËNÉ�¹�¼�Ê	Ð�»�µ�¼�ÊKµ]Ä�É�ÆrÆ¾ÊKµZ¿&ÙA¸�µôîÂÊ	¸�Î Ò ¸�ÊK¹�Í�¸�Ê	ÐSÑ
ËNÛ�ÐsâKÊ	¸�¼�Åy¶O·�·�¸F¹�º�»�µ�¼r½�¿/û�¿�ç�¸FÊKÐ�·'ÊK¸�æq»�Ð�º�Ê	µ6·'Ê	æq»�Î�ÎEÅOÇ�µ�º�ÊKÐ�Ê!ö÷¸Fµ�Ä�Ê	¹k¼�Ê	æÂè�Í�¹HÅ�Ú�æ¯É�º�»�Ð�Ã
Í6Æ\Ç�µ
ÊKµ4Åzæ¯ÊKº�Ê	ÐmÇ�»�ËRÈ�¸FÊKÐCÑSÌ�Ã
Í�¸FÃ
Í4Å�ÊKµgÉ"º�ÊKÐPÇ�·�Ê	Ð!Ç�»�ËìÎE¸�ÊK·'ÊKµ"ÑSÌ�Ã
Í�¸FÃ
Í4Å�ÊKµôÄ�É�ÆrÆ8Å À Ê	Î!¸�ÎEÅOÊK·'ÊKµ�Ë�Ç�¹�¹�Î�º�¸�Ê
× É�ÐEÆ\Ç�¹�ÊAÊK¸Fµ�¼�Ê	âKÊK¸FÃ
Í�µ�Ê�Å±Á�¿ Ý ¸HÅ¤çD¸�¹FËNÊAº�ÊKÐbÎEÊKµ�ÄhÐEÊKÃ
Í4ÅìÇ�»�Ë�º�ÊKµ�Ì�Ã
Í�¸�Ã
Í4Å�Ê	µ:ÎEÅ�Ê	Í�ÊKµ�º�ÊKµ�ÙA·'ÊKµ�ÊyÄUÇ�µ�µ
Æ\Ç�µ\·'ÊK¸'º�ÊKÐsÕAº�Ñ�áRÊKÐE·�¸�µ�º�»�µ�¼�Ê	Ð�Ä�Ê	µ�µ�Ê	µ&Ú�º�Ç�ÎEÎyÊK¸Fµ�ÊO¸Fº�ÊKµ4Å�¸FÎ�Ã
Í�ÊPõ�Ç�»�Æ\Ç�µ�É�Ð�º�µh»�µ�¼�º�ÊKÐyüTÐE»�µ�º�Ñ
Î�Ã
Í�¸FÃ
Í4Å À ¶PÁìÊKÐEÎEÅsµ�Ç�Ã
Í ��ý æ¯ÊK¸HÅ�ÊKÐEÊKµ6Ì�Ã
Í�¸FÃ
Í4Å�ÊKµjÊ	ÐEËNÉ�¹F¼�Å�¿"ÙA¸�µ�ÊOæÂÊ	¸FÅ�ÊKÐ�Ê!üTÊ�Ë�Ç�Í�Ð�Ê	µ�Ïh»�ÊK¹F¹�Ê�·�Ê	ÎEÅ�Ê	Í4Å
º�Ç�ÐE¸�µ&Ú7º�Ç�ÎEÎPº�¸FÊ�ð!Ð�¸FÎEÅ
Ç�¹�¹�ÎSÅ�ÐE»�Ä4Å�»�Ð�Ç�»�ÎPÊ	¸�µ�Ê	Ð�Ë�Ç�¹FÎ�Ã
Í�Ê	µgõD¸FÃ
Í4Å�»�µ�¼\·�Ê�Å�Ð�Ç�Ã
ÍhÅ�Ê	ÅPæq¸FÐ�º&¿'¶O»�Ã
Íôº�¸�ÊKÎ
ÄUÇ�µ�µ<â	»6Ë�Ç�¹FÎ�Ã
Í�Ê	µgÌ�Ã
Í�¹F»�Î�ÎSËNÉ�¹�¼�ÊKÐ�»�µ�¼�ÊKµ1ËNÛ�Í�ÐEÊKµ&¿�ÙAÎOÆ�»�ÎEÎOÇ�¹�Î�Érº�Ç�Ð�Ç�»�Ë¤¼�Ê�Ç�Ã
Í4Å�Ê�ÅOæ¯ÊKÐEº�ÊKµ&Ú�º�Ç�ÎEÎ
º�¸�Ê�¼�Ê	Ð�¸Fµ�¼�ÎEÅ�Êr¶�µ�â�Ç�Í�¹AÈ�É�µ^ÙA·'ÊKµ�Ê	µe¼�Ê�ËN»�µ�º�Ê	µ�æq¸�ÐEº&¿¢åO¸�Ê	Îm¸FÎEÅm¸�µôº�ÊKÐ[¶O·�·�¸�¹�º�»�µ�¼<½�¿ � º�Ç�ÐE¼�Ê�Ñ
ÎEÅ�ÊK¹�¹HÅ�¿'Ì�É�Ær¸HÅq·�Ç�»�ÅOÎ�¸�Ã
Í6º�Ç�ÎOðTÐE¸�ÎSÅ
Ç�¹F¹�¼�¸HÅ�Å�Ê	Ðy·'ÊK¸�º�ÊKÐ�ç�É�Æ¾É�¹�É�¼�ÊKµxµh»�ÐPÇ�»�ÎOâ�æÂÊ	¸b¼�Ê	¼�ÊKµ�Ê	¸�µ�Ç�µ�º�ÊKÐ
È�Ê	Ð�Î�Ã
Í�É�·�Ê	µ�ÊKµ]Ì�Ã
Í�¸�Ã
Í4Å�ÊKµ#Ç�»�ËC¿
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= "?>¯ÿRþ&ÿA@CBED�FHG IKJML!NPOHJQFHRTS UVJML WXFHG?UVYVGVNPZ!O\[%G?NPJMG FH] ^H_�`aJ
3 b G(c 2 d Fe_gf d c

4 h YVGVU FH]^A_g`aJ
3 b G(c 2 i UE_gf d c

4 hgj
^H_�`aJ

3 b G$c 2 d Fk_gf d c
4 h ^A_g`lJ

3 b G(c 2 i U�_gf d c
4 hmon p ]qJ msr Z n [%G?UVJ.^utV] h mon0p ]vJ mwr Z n [%GVUVJv^utV] h

b G ;Qx d ; y%zPz?{}| _ < c b G ;Qx d ; y~z�<,{}z _ y c
b G ;Qx dw� y%z�<,{}� _���c b G ;Qx d�� y~z�y,{}| _ y c
b G y
x d y y%z � {�� _ < c b G y
x d y y~z � {�y _ y c
b G y
x d z y%z�y,{ � _ < c b G y
x d z y~z � {�� _ y c
b G ;Qx f ;P; y,;
y,{}� _ � c b G ;Qx f ;P; y�;P;P{}z _ z c
b G ;Qx f ;
y y,;��?{}� _ � c b G ;Qx f ;
y y�;�z?{�y _ z c
b G ;Qx f ;�z y,;P;P{�; _ � c b G ;Qx f ;�z y�;
y,{ �$_ z c
b G y
x f y,; y,;
y,{ � _ � c b G y
x f y,; y�;��?{ �$_ z c
b G y
x f yPy y,;��?{�< _ � c b G y
x f yPy y�;P;P{}z _ z c
b G y
x f y%z y,;
y,{�� _ � c b G y
x f y%z y�;��?{�� _ z c

= "?>¯ÿRþ&ÿ���BED�FHG.IKJQL0NPOAJMFARTS�UVJML4��FHGV�~JMO�FA]�^H_�`aJ
3 b G$c 2 d Fk_gf d c

4 h YVGVU�FA]�^A_g`lJ
3 b G(c 2 i U�_gf d c

4 h�j
^H_�`aJ

3 b G(c 2 d Fk_gf d c
4 h ^A_g`lJ

3 b G(c 2 i U�_gf d c
4 hmon0p ]qJ ��FHGV�~JMOK^}� h mon p ]qJ ��FAGV�%JQOK^�� h

d ;Qx b G ;Qx dw� ;
�~|?{�� � _ ;�� c d ;�x b G ;�x dw� ;
�%�,{�y%| _ � c
d y
x b G y
x d z ;
�%<,{�y%< _ ;�� c d y�x b G y�x d z ;
�P<�{ � � _ � c
b G ;Qx d ;Qx f ; ;��%�?{ �$_ < c b G ;Qx d ;Qx f ; ;
�%�,{A; _ y c
b G ;Qx dw� x f � ; � �?{}� _ < c b G ;Qx dw� x f � ; � y�{�z _ y c
b G y
x d y
x f y ;�<P�,{}z _ < c b G y
x d y
x f y ;
<P��{�� _ y c
b G y
x d z�x f z ;��P<,{}z _ < c b G y
x d z�x f z ;
�P<�{�� _ y c
d ;Qx b G ;Qx f ;%; |P�?{�� d ;Qx b G ;Qx f ;P; |�<,{�;
y _ ;�� c
d ;Qx b G ;Qx f ;�y |P�?{�� d ;Qx b G ;Qx f ;
y �?;P{�; �$_ ;P; c
d ;Qx b G ;Qx f ;�z |P�?{�� d ;Qx b G ;Qx f ;�z |P�?{}|�< _ ;�� c
d y
x b G y
x f y�; |P|?{}� d y
x b G y
x f y,; |P�?{ � y _ ;P; c
d y
x b G y
x f y%y |P|?{}� d y
x b G y
x f yPy �P�?{�;
y _ ;�� c
d y
x b G y
x f y~z |P|?{}� d y
x b G y
x f y%z |P�?{�<%| _ ;�� cf ;�x d F ;Qx f y |P�?{}�P| f ;Qx�i U ;�x f y �P�?{�y%� _ ;P; cf z
x d F ;Qx f y |P|?{}�?; f z�x�i U ;�x f y |P|?{}zP� _ ;P; cf ;�x d F ;Qx f � |P�?{�<%� f ;Qx�i U ;�x f � |P|?{�;
< _ ;P; cf z
x d F ;Qx f � �Pz?{��,; f z�x�i U ;�x f � �Pz?{�yP� _ ;P; c
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º�»)» ���C�A¼C½E¾$¿MÀVÁA¿MÂ!À$Ã~ÄÆÅ ¿ÈÇkÉ�Å0¿MÂ0Ê?Â0¿QÅ Ã~Å ËAÌPÉlÍV¿MÂÏÎ�ËH¿QÍV¿MÂ!ÀVÌPÁAÐVÉVÑPÒ!Ò0ÓTÀVËAÓTÀ�Å0¿MÉaËHÔÖÕÈÂ!ËHÒ!Å Ã%ÁHÁAÑPËAÅ!Å ¿QÂØ×%ÌPÉÙAÚgÛ ¿
3 Ü É(Ý 2 Þ Í Ú�ßoà Ý

4 á Ã%Ð?Ä*ÑPÂ!ÐVÉVÍâÍV¿QÂ�ÐVÉVÑPãVÉ?Ò!Å ËAÑ9ÑP¿QäXå%ÀVÁ�Å ¿MÉçæXÁAËHÓTè�Â0ËAÓTÀ�Å ÐVÉVÑ Ú ÀVËH¿QÂMé
b êkë ÓTÀVÒ!¿ìÍ?¿MÂ�í�ÁH¿MÔq¿MÉ�Å Ã%Â0îQ¿MÁHÁA¿�Ý6ï

º�»)» ���C��ð�½ ë æ ê Ü ÓTÀVËAÓTÀ�Å0Ä*ÌPÁAÑP¿ñËHÉ
[(Me3Sn)2Pd(CN)4]

æXÁHËAÓTè�Â!ËHÓTÀ�Å Ð?ÉVÑ9¿MÉ�Å ÁHÃ%ÉVÑòÍV¿MÂ
a êkë ÓTÀ?Ò0¿Ã%Ð?Ä)ÍVËA¿ Ü ÓTÀVËHÓTÀ�Å0¿MÉCï Þ Í êkë Å0ÌPÔv¿ÈÒ!ËHÉVÍlÃ%ÁAÒóÕÈÐVÑP¿MÁAÉñÍ$Ã%Â0Ñ%¿MÒ!Å0¿MÁAÁAÅ�ï
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14>�D5>@/2L�-0V:/�-,L�+.J?J�>W1?;,<HX:Y�14;ZMO+.L�35J4+71?')(Z<,+.L[35+.6\+.>�>W+7;,+.;]S�-,J4B�+7L�<014^_L2%�V`/2D�35L2%�6Z6Z+a%�-,>[Y�1?;,V:L�14>W/2%�Jcb
J4+7;d<,+7>e$&1cbN-0;,<fS�<gbhS�D5Jcig6Z+7LW>&6Z14/j<0+76kS�-,J4B�+7LW<,14^_L2%�V`/�D535L2%l6\6m<,+7>&VnLW1?>@/)%�J4J?1?;0+7;poq-,J4V:>&<,+.L
Sr/WbsMO+7LWP,1?;,<0-,;,3t-,;`/2+.L�6\%�-,+7L@/u<,1?+.>�+vMO+7LW6w-0/2-0;,3,X

xzy	y õ�ôEõ4{H| MO+.L�35J4+714')(}<0+7Lp~j�5;`/235+.;,�,-,JcB5+7LW<,14^_L2%lV:/�D535L�%�6\6Z+�B�D5;
[(Me3Sn)2Pd(CN)4]

Q�P_+�bLW+7')(,;0+./p%�-0>zY�1?;,V:LW1?>W/2%�J?J4<�%l/�+7;�U�G
[(Me3Sn)2Pt(CN)4]

Q�+��g��+7L�146\+.;`/2+7J4Jj35+.�[D5;,;,+�b;0+7>w6Z1?V:L�D�VnLW1?>@/)%�J4J?1?;0+7>�oq-,J4V:6�%l/�+7LW1�%�J�Ue-,;,<
[(Me3Sn)2Ni(CN)4]

Q�P_+.L�+.')(,;,+./Z%l-,>Y�14;,V:L�1?>@/)%�J4J?<�%�/2+7;�U
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ÌeÍ?ÎzÏgÐ,Ñ,Ò@Ó)Ô�Õ0Ö7×5ØWÐ,Ù,Ù�Î
[(Me3Sn)4M(CN)6 · 4H2O] Ú ÍcÓKÛ ÜkÝ�Î 2+ ÞIß Ð 2+ Ð0Õ,àâávÒ 2+ ã Î.Í?Ò@ÓÎ7Í4Õ,ÎåäqÎ7ÒWæ5Õ,à,Î.Ø�ç,Î.Í4ÓeÔ�Ð0è�é�ÌeÍ4ÎAç,æ Ú æ5ê4æ5×5ÎvÝ�Î�ëíìOÎ7ØWÑ,Í?Õ0à,Ð,Õ,× ã Ð,Ø�à0ÎAÎ.Ø�ÒWÓ Ú Ôlê?Òaî5æ5Õpïvð,Õ0ê?ð [11] �Cñ5�5òÔ�ê?ÒqäqÐ,ê4ó\ç,Î.Ø�×5Î.ÒWÓ�Î7ê?êcÓôé0ÌeÍ?Î�Ï:Ó2Ø�Ð0ó:Ó�Ð,Øaó�æ�Õ,Õ`Ó2Î�Ò�õ)ç,ØWÍ4ÓWÓ ã Î.Í?Ò�Îvî�æ5ÕdäqÎ7ç,ØWÎ7Õ,ÒjÎ�ÓuÔ�êsé [8] Þ ÏgÍ?Î.Ñ_Î.ê [3] Ð0Õ,àö�õ)ónç,Ô�Ø�à0Ó [5] Ô�Ðgè�×5Î7ó:ê�÷lØWÓ ã Î7Ø�à0Î7ÕHé[ÌøÔ�Ò ß Ðgë�ù	æ5ê4ú Ú Î7ØKÑ�Î7Ò�ÍcÓ2Ö�ÓKû ã Í?ÎdÔ�Ð0õ)çüà�Ô�ÒZÝ�Î�ëhù�æ5êcú Ú Î.ØAûÎ7Í4Õ,Î�ýeäNë@Ïgõ)ç0Í?õ)ç`Ó2Ò@Ó2Ø�Ð0ó:Ó�Ð,Ø7érÌeÎ7Øwó:ð,ØWÖ7Î.ÒWÓ2Î ß Ð · · · ß ÐgëíýeÑ,Ò@Ó)Ô�Õ0àþÖ ã Í4Ò�õ)ç,Î.ÕÿÖ ã Î.ÍqÑ�Î7Õ�Ôlõ)çnÑ,Ô�ØWÓ�Î7ÕÏgõ)ç,Í4õ)ç:Ó�Î7Õþý Ð,Õ0àþä Ñ�Î.Ó�Ø2÷�×lÓ�àEÜ ����ñ�� Þ ñ Ù Ú�� Ò�Í4Î7ç,ÎZýeÑ0ÑHé��gé	��
�é�ÌeÎ.Ø�ö�Ñ�Î7Õ,Î.Õ�Ô�Ñ,Ò@Ó)Ô�Õ,àEÖ ã ÍcëÒ�õ)ç,Î.Õþý Ð,Õ,àEä Ñ_Î�Ó2Ø2÷l×�Ó ñ � � Ù Ú é��hÕ,Õ0Î7Ø�ç,Ô�ê?Ñ=Î7Í?Õ0Î7ØAöOÑ�Î7Õ0Î�Ñ�Î.Ó2Ø�÷�×�Óåà,Î.Ø�ýeÑ0ÒWÓ)ÔlÕ,à*Ö ã Í?Ò�õ)ç0Î7Õà,Î7Õ�
¯Î.Õ`Ó2Ø2Ôlê�ÔlÓ�æ Ú Î.Õ �����5ñ Þ � Ù Ú�� Ò�æ Ú ÍcÓ¨Ò�Í4Õ,à]à,Í4Î&Ó2Î.Ø Ú Í?Õ�Ôlê_×5Î.Ñ,Ð,Õ,à0Î7Õ,Î.Õ��*Ô�Ò�ÒWÎ7Ø Ú æ5ê4Î7ó:ð,ê4Îøà,Î7ØÒ�Î.ê?Ñ�Î7Õdö�Ñ_Î.Õ,ÎAõ7Ô0é �5��� Ù Ú î5æ5Õ0Î7Í?Õ,Ô�Õ,à,Î.Ø&Î.Õ:ÓWè�Î7ØWÕ:Ó � îg×�êsé,Î�Í?Õpý&Ñ,ÑHé��gé���
�é

����� ���H����� ýøäOë@Ïgõ)ç,Í4õ)ç`Ó2ÒWÓ�Ø�Ð,ó`Ó�Ð,Ø*î5æ Ú ß Ðgëhù�æ5êcú Ú Î7Ø.é�äqê?Í4õ)ó:Ø�Í?õ)ç`Ó�Ð,Õ,×}Î7Õ`Ó2ê?Ô�Õ,× à0Î7Ø c
ëíýaõ)ç,Ò�Îlé

�vð,Ø�Ö.Î7Ò@Ó2Î7Ø ß Ð · · · ß ÐnëhýeÑ0ÒWÓ)ÔlÕ,à\àzÜ ���5ñ�� Þ ñ Ù Ú é`ýeÑ,Ò@Ó)Ô�Õ,à�Ö ã Í?ÒWõ)ç,Î7Õ]à0Î7Õ\Ó�Î7Ø Ú Í4Õ�Ô�ê×5Î.Ñ,Ð,Õ,à,Î.Õ,Î7Õ��þÔlÒ�Ò�Î.Ø Ú æ5ê?Î.ó:ð,ê?Î.Õ�ÎåÜ ����� Ù Ú é
� Í?ÎjÔ�Ð0Ò[à,Î.ØqÔlÒWú Ú\Ú Î.Ó�Ø�Í4Ò�õ)ç,Î.Õ�ö�Í?Õ0ç,Î7ÍcÓ[Ö.Ð\Î.Ø�ólÎ7Õ,Õ,Î.Õ]Í?Ò@Ó � în×5êsé5ý&Ñ,ÑHé��gé	 � Ô�
!
 Þ ×5Í?Ñ0ÓNÎ.Ò[Ö ã Î.Í�î�Î7Ø�ëÒ�õ)ç,Í4Î7à,Î.Õ,ÎøÓ2ØWÍ?×5æ�Õ�Ô�êcëíÑ,Í?Ù`únØ2Ô Ú Í4à�Ô�ê0ólægæ�Ø�à,Í4Õ,Í?Î.ØWÓ2ÎeÏgÕgëíý¨Ó2æ Ú Î�égýeÕzà,Ô�ÒjÏgÕ � ��
hëíý¨Ó2æ Ú Í?Ò@Ó¨Î.Í?Õ"�*Ô�Ò@ë
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RTSVU!WYX�Z�SV[?\.Z^]Y_ P,`ba SVUTWdc�eIf�Z0[�XNX�UTg.che.c�SVU aji�k f�Rml4n(Soc a Sqp�e�_ P,`srutva X�WwchR a \.x�SVUySVc�e.S{z}| r�~ UT\.�F[�S
f�eqgIfMR��b� rutva X�W���SVx.�.eOg.SVe iNk fMR��b� rutva X�W�c�R a RTSV�F�.R6�2f��F��[�XNX�UTg.che.c�SVU aji�k chS ~ c�e.g.�.e.��SVeY\.x;SoU
_A|vz r6� S

3
p�e�_ P,`sr zm| ` x.c�Zhg.Soe�Soche.S��.e.Soe.g.Z�ch�F�.S�p��F�.c��F� a _ tm��~�` f��.Ro��n(���.UTSVe.g�g.chS���SoU![?e?\.� r
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Fù
��"HþIúHø��Hú��8�$ùE���HúHøHù�ú6M.:]þ���øø<���C�)ÿG�����Mÿ�����"�ù5�)ÿ|þJ/�/�ù�úHø,ù9�a������ù5�mB ( à - ��"tù
�ßù�þIúHù_��ù
2g�@ÿ�þ 0 �?����7�ù % & �����,ü$�6ùb�6ú ø<���aû#ú &�$ù5"��HúHøHù�úHùP���F����ù
�xB (XWY- �6ú��$ù
2g���$ù
��ÿ5����þIù²ù�þIú�7�ù
2^úHù�úC��"��)ÿ$e6ú,øHùc�HúHøt� þIú��6ù
2A��þIúHøßþ^ú�j���"�ù52J2^ù
à ���Z�������$ùE���Hý��)ÿO�I�P�Aþ�/�~Rù & op 	2qUI/�ù5�§ú����Kø<��� % W �HúHø % à ��/�B (XWY- øHþ���ù5�Bÿ12� ��F�F2^þ���þ^ù
��ÿ�:§ù5��ø,ù�ú
�� $ú,úMÿ�ù�M�:d����øHùc�F�����	���,úHøßøHù5���$ù
���Hú,øHù�úHù�úaû/ÿG�����BÿG�����<���G�F/�ùVÿ|ù5��ú?��� 0 ù
��/N�,ÿ�ù�ÿ5M,ø<�����p��ù�øHù
� ' &�KÿG 	/ þJ/�~�ù (zy�yX- & o; 	2JU?/�ù5�Qþ^ú¨ù�þIúHù¼øHþJ������ùVÿ|ùHB & % · · · ' & �a������ù5����ÿ� �!A",þ^úHø��,ú�� ù�þIú�"tù
75 	�$ù�úÞþ��)ÿO���þ^ù
��ùc
Fù5��/N�,ÿ��Hú��i�� $ú,úMÿ�ù5ú��Húm/�þ
ÿKøHù
� 0  	��2^þ^ù
�$ù�ú,øHù�ú­û/ÿG�����BÿG�����6ú<��2qU?��ù="tù
��ÿGe@ÿ|þJ�6ÿ1:�ù
��øHù�ú6�



�6�J�a���.���Y�����z�E���X�����z�a�.�Y�#�������,�;���G�$���.���< ��¡�<��¢£�F¤��Y���?�;��� ¥�¦

����§V�K�6�g¨#©AªK«5¬�­	®�«
¯�°$±�«
²�³�«1´V«
µG¬�¶�°$±.µG·�²�­8³�«
¬K¸d¹º´�¬�»�°$¼F«5²�®�½�²�­	«
²�·�²�³i³�«5¬�¾
·�­	«
±�¿	¬�¯J­	«5²ÁÀR¯J²�¼�«
®
¯�Â�Ãd·�ÄzÅ�ÅXÆº¹$Ç�È£«	ÄzÅ�ÅXÆº¹É·�²�³lÊPË�Ä�Å�ÅXÆº¹ºÌpÍ	®qÎ?Â�«
¬5Ï

[(Me3Sn)4Ru(CN)6 · 4H2O] [(Me3Sn)4Fe(CN)6 · 4H2O] [(Me3Sn)4Os(CN)6 · 4H2O]Ð µGÍ	Â>« Ð�Ñ ËXµ$½�²�³�«�ÒÔÓ�ÂiÕ Ð µGÍ	Â>« Ð�Ñ ËXµ$½�²�³�«�ÒÔÓ�ÂiÕ Ð µ�Í	Â�« Ð�Ñ Ë�µ$½F²�³�«�ÒÖÓ�ÂiÕ
¸^× · · · Ê=¥ ×YØFÙ<ÄzÚ�Æ ¸^× · · · Ê=¥ ×�ØI×	Ç4Û<ÄX×	×�Æ ¸8×�´ · · · Ê=¥ ×�Ø�Û<ÄÝÜ�Æ
¸P¥ · · · Þ ¥ ¥�Û�ß<Ä,¦.Æ ¸8× Ð · · · Þ ¥ ×�à�Û<ÄX×OÚ.Æ
¸�¦ · · · Þ × ¥	¥F¦<Ä,¦.Æ ¸P¥ · · · Þ × ¥�Û.ÜIÇ4Û<Ä,Ù	Æ ¸P¥ Ð · · · Þ × ¥�¥I×�Ä,ß	Æ
ÊN× · · · Ê=¥ ¥�ß�×	ÇÖÚ£Äzß.Æ ÊN× · · · Ê^¥ ¥Fß.¥IÇ4Ù<ÄX×	×�Æ ÊN× · · · Ê=¥ ¥�ß�×�ÇáÜ�Ä,Ø	Æ
ÊN× · · · Þ ¥ ¥�à	Û�Ç4Û<Äzß.Æ ÊN× · · · Þ × ¥�à.ØIÇ�¥�Ä,Ù	Æ ÊÁ× · · · Þ ¥ ¥�à	ÛIÇ�Û<ÄzÙ.Æ
Ê=¥ · · · Þ × ¦	Û	ß�ÇÖÚ£Ä�Ú�Æ Ê=¥ · · · Þ ¥ ¦	Û.ÜIÇ�¥�Ä,Ù	Æ Ê^¥ · · · Þ × ¦	Û.Ü?Çá¥�Ä�Ú�Æ
Ð µGÍ	Â>« ÀR¯�²�¼�«5®KÒ4â�Õ Ð µGÍ	Â>« ÀR¯�²�¼F«5®KÒ4â�Õ Ð µ�Í	Â�« ÀR¯J²�¼�«
®KÒ�âãÕ

ÊÁ×E¹ä¸8× · · · Ê=¥ ×YØ�Ü�ÄzÚ�Æ ÊN×
¹ä¸^×�´ · · · Ê=¥ ×�Ü�¦<Ä,à	Æ
ÊN×
¹º¸P¥ · · · Þ ¥ ×YØF¦<ÄzÚ�Æ ÊN×
¹º¸8× Ð · · · Þ ¥ ×�ß�Ù<ÄX×	×�Æ
Ê=¥Y¹º¸�¦ · · · Þ × ×YØ�¥�Ä,¦.Æ Ê=¥Y¹º¸P¥ Ð · · · Þ × ×Oß	¦<ÄÝÜ�Æ
ÊN×
¹XÊ=¥Y¹ Þ × ×�¦.¥IÇ�ÜFÚ£ÄzÙ.Æ ÊN×
¹äÊ^¥�¹ Þ × ×O¦.¥IÇq×	×�ÄX×OÛ.Æ ÊÁ×E¹XÊ=¥Y¹ Þ ¥ ×�¦�Ú�ÇáØ�Ä,¥	Æ
Ê=¥Y¹XÊN×
¹ Þ ¥ ×�Û.¥IÇ4Û�Ú£Ää×�ß.Æ Ê=¥Y¹äÊÁ×E¹ Þ ¥ ×�Û.¥IÇ�Ø�ÄÝØ�Æ Ê^¥�¹XÊN×
¹ Þ × ×Y¥�ÛIÇ�Û<Ä�Ú�Æ

ªKÍ	²å³�«5¬8¶�²<¶F®�Í	­	«
²å±�Í	Â�Í�®�«5ÓIµG¯�Ë�°$±�«5²åÈ<«.Ä�Å�ÅXÆº¹ÝªK«5¬ Ñ ¯�²�³�·�²�­
[(Me3Sn)4Fe(CN)6 · 4H2O]

¯�Ë�µ^³�¯J«
æ Â>Ó�ç<²�³�®J¯�°$±�¼F«5¯qµ`³�«5¬`è=¬�¯�ËXµ$¶�®J®�«P­	«
­	«5²mé�¿	Ë�·�²�­	Ë�Â>¯Jµ�µG«
®Jê	«
¬�®J·�Ë�µ�« Ñ «5¼�¶�²�²�µ [4] Ï Þ ¶�°$±m³�«5Âìë;¬�Í?°$¼	¹
²�«
²í¯�Â îP®�Ó�·�Â>Ó¡«5².êF¶�¼�·�·�Â «
¬�±<½F®Jµ�Â�¶�²ï«
¯�²íÌ�·�®qê	«5¬ð³�«5¬òñA·�Ë�¶�Â>Â�«
²�Ë�«EµG¾5·�²�­

[(Me3Sn)4

Fe(CN)6 ·2H2O]. ó ¯�«ôë1±�«5¬�Â�Í�®JÎ?Ë�«ô³�«5Ë
[(Me3Sn)4Ru(CN)6 · 2H2O]

¶�²õé�·�öãµT÷d·�¬�³�«
ê�Í	²øÃd«5± Ñ «5¯J²ù³�·�¬�°$±�­	«Eö�»�±�¬Xµ [15] ú «
¬b¼FÍ	²�².µG«û¾5«
¯�­	«
²6ÇP³<¶FË�Ë Ñ «
¬�«
¯JµGË9¯J²ü³�«5¬9«5¬�Ë�µ�«5²ùê�Í	²ô³�¬�«
¯
ñA«
¬�Ë�«EµG¾
·�²�­	Ë�Ë�µG·Iö�«5² Ñ «5¯J³�«üèc¬�¯JË�µ$¶F®�®J÷�¶�Ë�Ë�«5¬�Â�Í�®�«5¼�»�®J«ý¶ Ñ ­	«5­	« Ñ «
²h÷d·�¬�³�«
²6Ï ó ¶ Ñ «5¯_Ë�¯�²�³f³�¯J«
Ãd¿	².µG­	«
²�Ó�·�®qê	«
¬�³�¯qþA¬�¶�¼.µGÍ	­	¬�¶�Â>Â�«�³�«
Ëÿ±�Í�Â�Í	®J«5Ó�µ�¯�Ë�°$±�«5² Ð ·�Ë�­.¶�²�­	Ë�Ó#Í�®JÎ?Â�«
¬�ËûÂ�¯qµò³�«5Â ³�«
¬
«
¬�Ë�µ�«5² ñA«
¬�Ë�«EµG¾
·�²�­	Ë�Ë�µG·Iö�«Q¯�³�«
².µG¯�Ë�°$±6Ï ó ¶�³�·�¬�°$± ÷d·�¬�³�« Ñ ¯�Ë�®g¶�²�­å¯JÂ�Â>«5¬Á³<¶Oê�Í	²R¶�·�Ë�­	«5­.¶F²�­	«5²AÇ
³<¶FË�Ëi³�«5¬ÁªK«
¬�®�·�Ë�µ>³�«5¬ÁÀa¶�Ë�Ë�«5¬�Â�Í	®J«5¼�»�®J«C¼�«5¯J²�«5² æ ¯�² � ·��b¶�·�öP³�¯�«Hèc¬�¯JË�µ$¶F®�®�ËXµG¬�·�¼.µG·�¬8±<¶FµOÏÉñA·�¬
Ð ·�ö�²<¶�±�Â>«ï³�«
Ë Ãx¿�²�µ�­	«5²�Ó�·�®Jê�«5¬�³�¯Jþ#¬G¶�¼.µ�Í	­	¬G¶FÂ�Â>ËTê�Í	Â ±�Í�Â�Í	®J«5Ó�µ�¯�Ë�°$±�«5²�Ãd·�ÄzÅ�ÅXÆº¹ºÌpÍ	®qÎIÂ>«5¬
÷d·�¬�³�«5²b³�¯J«Á²<¶�°$±b³�«5¬c÷�½�Ë�Ë�¬�¯�­�«5²��^¶�Ëä¹ ó ¯qþA·�Ë�¯�Í�²�Ë�Â>«
µ�±�ÍI³�«N«5¬�±<¶�®Jµ�«5²�«
²bè=¬�¯�ËXµ$¶�®J®�«Z²�·�¬^¶�²9³�«
¬
é�·�öãµm­	«
µ�¬�Í?°$¼�²�«
µl·�²�³ Ó�·�®Jê�«5¬�¯JË�¯J«5¬�µ5Ï æ ¬�Ë�µG¶�·�²�®J¯�°$±�«
¬@Àå«5¯JË�«b¯�ËXµl³�¯J«5Ë�«5Ë@­	«5Â>«5Ë�Ë�«5²�«ðÃx¿�²�µ�­	«5²?¹
Ó�·�®Jê	«
¬�³�¯qþA¬�¶�¼.µGÍ	­�¬G¶�Â>Âk²�¯J°$±.µP¯�³�«5².µG¯JË�°$±lÂ>¯Jµd³�«5ÂhÌ�·�®Jê�«5¬�³�¯Jþ#¬G¶�¼.µG¬�Í	­	¬�¶�Â�Â@Ç�÷V«5®J°$±�«5Ë�¶�·�Ë�³�«5²
æ ¯�²�¼?¬�¯�ËXµ$¶�®J®�³<¶Fµ�«5²�Ë�¯�ÂZ·�®�¯J«5¬�µK÷d·�¬�³�«>ÄzË�¯�«
±�« Ð�Ñ�Ñ Ï£¥IÏq×�Û.Æ Ï ó ¶F­	«5­	«
²HË�¯�²�³C³�¯�«`­	«5Â>«5Ë�Ë�«5²�«5²��cÃ ó Ë
³�«
¬^¶�·�ö�¾E÷�«
¯K·�².µG«5¬�Ë�°$±�¯J«5³�®J¯�°$±�«
²åÀå«5­	«
² Ä�²<¶�°$±å³�«5¬c÷�½�Ë�Ë�¬�¯�­�«5²��=¶�Ëä¹ ó ¯qþA·�Ë�¯�Í	²�Ë�Â>«
µG±�ÍI³�«Z·�²�³
³�·�¬�°$±�	�Í�¹äÈ�½�®J®�·�²�­�Æx«
¬�±<¶�®qµG«
²�«5²9ªK«5¬ Ñ ¯�²�³�·�²�­	«
²a­	®J«5¯�°$±ûÄãê?­	®ÝÏ Ð`Ñ�Ñ Ï;¥IÏq×�Û.Æ Ï ó ¯�«
Ë�«
Ë8¾
«5¯�­FµOÇ�³<¶�Ë�Ë
«
Ë Ñ «5¬�«5¯qµGË Ñ «
¯�Ãx¶�·�ÂZµ�«5Â>Ó#«
¬G¶Fµ�·�¬c¾5·�Â ªK«5¬�®J·�Ë�µcê�Í	²b¾
÷V«5¯K³�«5¬cê?¯�«
¬PÀ�¶FË�Ë�«
¬�Â>Í	®�«
¼�»�®�«Á¼FÍ	Â�Â8µ
·�²�³n³�¯J«�ê	«
¬�Â>«5Ë�Ë�«5²�«5²�Ì�·�®qê	«5¬ Ñ «5¬�«5¯qµGËÁ³�¯J«@ñA·�ËG¶�Â>Â>«5²�Ë�«
µG¾
·�²�­

[(Me3Sn)4Ru(CN)6 · 2H2O]
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����������������! �"#���$�&%�����')(+*�,-��./.102 2'+�-3��546()�5./78�$9���'/�:.+�;�
<6=;>@?BADCFEGCIH�J�KMLONPCFQ6CFH�EG<�R2STSF=;LUEGADLV=�W�ADCFXYR2CFH[Z\=;WD]^CIXG_�Aa`bXG<6c�R2d^Q6X2<6LeLgf:_�CILU_�A�CihTXjA�EYRk<6WDW�_5<�RGCFH
]^d^H [(Me3Sn)4Ru(CN)6 · 4H2O] SI=�Q^Xj=�H�_�ClWDA�CIQ^CFH�f$CFXjc6CIH�H�RmLn<6HVo;A�CFXpCFADH�Cq<6H�_;CFXGCqr:R2Xj=�c�R2=�XIJs A�CIEBA�EjRt_�CIXBCFXGEYR2Cvu�CI?mCFADEw_�<�>yx�XFf5_�<6EGEt_�A�CTz)CFAD_�CFH�{|<�EGEGCIXGLed^W�CIc-x�W�C�f5_�A�CTz)CFA�_�CIXw}/XGd:~kc-H:=;H�Q
<6z�Q^CIQ^CFz)CFH�?B=�XG_�CIH�f�CIH-RGEG~ko�CIA�_�CIH�_�CIH��1A�H��5=�EGE�<�=;>B_�A�C�hPXGA�EYRk<6WDW�EYR2XG=;c-RG=�XTo5<6z)CFH�J��1E�c6d^H�H�RGC
z�A�E��jCIRGSIRl>yx;X�_�ADCir�=;z�EjR2<6H�SI>�<�LnADW�A�C [(Me3Sn)4M(CN)6 · 4H2O] LnAaR������5C^��KGKY��f:�t=+�yKGKY�\=�H�_� E���KjKY�ic6CFADH�Cnr:R2Xj=�c�R2=�XG�6H�_�CIXG=�H;Q�z)CFA�L�hTXjA�EYRk<6WDWD?�<6EGEjCFXj]6CFXjW�=�EYRP>yCFEjRGQ^CFEYR2CIW�WDRT?mCFXj_�CFH�f�?BADCe_;A�CFE
>yx�X�<�W�W�C�z�ADEGo�CIX�z)CFc$<6H�H�RGCFH�o�d^Led^W�CI�;R2ADEG~ko�CIH�htd�d^Xj_�A�H�<�R2ADd^H�EG�)d^Wa��LeCFXjC�_�A�CIEGCFX�hPW�<6EjEGC|<�=�~ko
<6H�Q^CIH�d^LeLnCIH�?B=;XG_�C�J s ADCFEvW�A�CIQ6R��jCF_;d�~ko|_�<6X2<6Hbf/_�<6EGE�<6W�WDCeQ6CFLeCFEGEjCFH�CIH�Z1XGd^z)CFH�z�CIXGCFAaR2E _�A�C
SI?mCFA+CFH�RGEG~ko�CIA�_�CIH�_�CFH�hTXjA�EYRk<6WDWD?�<6EGEjCFXq<6z;Q^CFQ^CIz�CIHgo�<�RGRGCFH�J

¡[¢p¢ �1
���£-¤�¥b¦ CFXjQ^W�CIA�~koT_�CFX�C�§���CIXGA�LeCFH�RGCFW�W6Q^CI?md^H�H�CIH�CFHV�t¨^H�RGQ^CFH��;=�WD]6CFXG_;AD`�X2<6c�R2d6Q^X2<6LeLeC�_�CIE�t=���KGKY�ª©#Z/d^WD�:LeCFXGE1��«P�b_;=�XG~ko�¬�d�©#���6W�WD=�H�QlCIXGo5<6WaR2CIH�CFE+Z1XGd:_�=�c�R [15] �!­-��uq�bH5<6~ko _�CFX?l��EGEGXjA�Q^CIH�NT<6EY© s AD`�=�EGADd^H�EjLnC!R2o�d:_�C�CFXjo5<6WDRGCFH�CIE�CFADH�c-XGADEjRk<�W�W�ADH�CFE®�g<�R2CIXGA�<�W¯f �¯¬q�<6=�EBc-XGADEjRk<�W�W�d6Q^X2<6�;o�A�Ej~ko�CFH s <$R2CFH�]^d6H��B=+��KjKY�M©MZpd^Wa��LeCFX ��uq��z)CFXGCI~ko�H�C!R2CFEt°P� s J
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õMö�÷�øIù�ú\øIùGû�üDö�÷�ý�ö;þ^ÿ�������ÿGÿGø
[(Me3Sn)4M(CN)8] � ü��
	 ��	®ø
��������ø�÷�øFù
�����Tùjý����)ø®þ6ü�û���øIÿ

÷�øIù��IøFü��[ö:ý;ù��
�møFüiû)ø����6ö;ö��Gø���� � � ��ø
���2üDÿ�!���ø#"$� �&% � øIùGø(' ÷)�6ÿ [(Me3Sn)4Mo(CN)8]
ý�ö�÷ ÷��6ÿ

[(Me3Sn)4W(CN)8].
ú*�6ö�÷�ø �,+ �-	gø
�.�(���+÷�øIù/�PùGý�����ø10324��ù5� �16 �Dü�øIþ^øFö®û�ü�ÿ5��øFù7�6øIü�ö�øvÿ5�.�6û�ü&8�DøFö:9/!
����!
%;��ö��<!��;ù�� � ���2ø>=(�^ù��

? û��)@6ö�þ6ü�þA= � � = �^ù5��üDøFþ^øIö�÷�øFö#�PøFþ^øIö�ü��^öB���6ö;ög÷�üDøDCE�2ùjý��;�2ý�ùB÷�øIÿDFG	:�)032IH 6 8 J 4− 8ªõK�^ö�ÿq÷��:÷�ø
���L8øI÷�ùGüDÿ�!��M0N���GOP�;Q
4

FG	M�R032IH 6 8 J 6 �:÷�øFùTS-ý)��÷�ù.���Gü�ÿ5!��<8U�6ö;�Gü���ùjü�ÿ � ���Gü�ÿ�!���0N���GOV�(W
4

FYXZ032IH 6 8 J 6 ÿGøIü�ö [16] �
? ý�ÿ�÷�øIö û�øIü�÷�øIö\[)�^ù � øIö]�(^6ö�ö�øFö ÷;ùGøFüD÷�ü � øFö;ÿGü��6ö)�(��øM�Pü��5�2øIù_��ý�`yþ^øFû��6ý��1�møFùj÷�øFöa�mú*�^ù��6ö�þ^øb8
þ;��ö�þ^øFö;ø�ú\øIùGÿjý�!���ø('dc1ü�ö��:ùjü�ÿe���(����ø�÷;ü�øFÿjøFùf��� � � �Dø����Gü�ÿ�!��;øFö�ú\øFùjû�ü�ö;÷�ý�ö�þ^øIög�Iýg�
h�!��;�2øIöi'd�4�6ùjøFö
�møFö�üDþnøIù5`j� �Dþ^ùGøIü�!��i��c\ÿ7�FøIü�þ(�GøTÿGü�!��®÷)�6û)øFü�øIü�ö�øTþ^øk�Bü�ÿjÿGøml+ý<`n�2ø � ��o5ö;÷���ü�!����6øIü��Bû)øFü+÷�øFù7p/��ùGÿ5�Gø��q8
�Dý�ö�þA= �6ö

[(Me3Sn)4Mo(CN)8]
ý�ö�÷

[(Me3Sn)4W(CN)8],
÷)��ÿ5�.�����l÷�ü�øIÿGøFùr��ý�!��®ú\øIùGû�üDö�÷�ý�öE8

þ^øIö]= � � s %E� [(Me3Sn)2MoO4]
øFù5�)�(�&�2øFöt�Bý�ùG÷�øIö [17] �ul+ý�ø
�B���3� [18] `jh��;ù5�2øIö ÷�ü�ø#CE%:ö;�.��øIÿGø

ö-ý�ö ý�ö;�2øIù_l�ý�`n�.�6ý�ÿjÿ�!����Dý�v�÷;ý�ù�!��i�wp/���Fýx�Bý�ùG÷�ø�üDö øIü�ö�ø � C<!�����øFö��:ù5� ��ùeøFüDö�øêü�ö s WP[ þ^ø
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û�øIÿGü��e8

�IøFö�÷;ü�øPþ �DøFü�!��;ø � �6ý � þ^ùjý����)ø I � Ò^Ò ý�ö�÷:@(��ö��Dü�!���øm�bø������)��ù.� � ø
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^(]K_c]K`ag.T/g5p�]h_ � Wcl�d.T�qm0]hg�p�`a]KWc]¹�!¤�_wT/{a{�]�v¿l[lG_9p�`ag.T�^(`al/g�WcW�^(]h{�{a]Kg�p�]hgzxG{a]K`ab@d�]KgzV¿m�W9^(T/g�pÀS���´G� �5���/� S�Á"U¨t�Z�U½| } `�]¼�"¤�_�q�K]hW9^c]hgÂVXm5W9^@�Ng�p�]B����`aWcb@d5]hgÂg�`ab@d
^Xp�`a_9]h�
^�xG]Km�o�g�p5]hg�]Kg   ]Kg
^(_(TN{¾TN^clGZ7]Kg�]K_cxG]Km�]KgCWc`ab@d��hoÂT�²
��� �
Fr� ��t�Z � mÃ²Ä�G� � � � ��t�Z � bz²Å� E �G� � ´­t�ZÆo�g�p±p©²Ç� F Á Er��� t5Z S!j[xG{$|>VXm5m�| E |i� E o�g�p
E |i� � S!m*UcU½|+~�`a]\T/o5b@d�`agÂp�]KgÉÈ�_co�t5t�]Kg���o�g�p©�G��`aW�^�TNo�b@d�p�`�]hW9]7v�_9`aW9^(T/{a{�W9^c_co��
^(o5_�T/o�W�Ê�`�]h_�q]Kb@�/]hg�T/o5�!xG]Km.T/o5^ � p�]h_9]hgze<b@�[t5o�g��
^(]fp�o�_cb@d�p�`�]¼yzl*S�«¯Ê�Usq   ]hg
^(_cT/{¾TN^clGZ\]XxG]Km�`a{�p�]K^k�P]h_9p�]hg+|0«sZÈ�]hxG]Kg�W(T�^(���ho±p�]hg±m0]h`ap5]hg±T/g�p�]K_c]Kg£È�_co�t�t0]hgº{�`a]hx/]hgºd�`a]K_w�9]hp5lrb@d±g�`ab@d
^\�K�P]h`�p�`aZ\]hg5Wc`al/g.T/{a]
§rb@d5`ab@d
^(]Kg®jGl/_ � W9lGg�p�]K_cg�p�`a]¸V¿o�Wcm�`�{ap�o5g�x�`aW�^¹p�_c]K`ap�`�Z7]Kg�Wc`�lGg.T/{$|0«sgÂV¿m�m�`a{�p�o�g�x E |�� � W9`ag�pÂp�`�]e<m0]hg�]Kg�p5o�_cb@dÂ¢�o5b@d�W9^(T/m�]KgÂm��K�¹|�o5g"^c]h_9Wcb@d�`�]hp�{�`ab@d­��T/_9m�`ax7xG]h�N]hg�g��K]h`�b@d�g�]K^h|�Ë¿`�]h_cm0]h`%Wc`�g�pCp�`�]



Ì/Í Î�Ï�Ð�Ñ�Ò
Ó�Ô�Õ�Ö�×�Ø�Ù�Ú�Ó�Ô�×$Û®Ò"Ó�Ü�Ý�Þ!ß"×$à%à<ácÙ(â*Ö+Ó�Õ�ã/Ý�Õ�à%â0Û�â0Þ1Ý�ä4å%ÕrÓuæ�Úcç=Ò
3 è à<á 4 ç:âéÚ½ê�ëCá

8 ì
Ñ�Õ�ä¨Ï<Î�Ï�í"î�ï�ð�ñaò�óNôhõ�ñaò5ò�ôhö9÷.ø/õaùûú�ôKöºü[ý�ø/ú�ö(ø�þ(ñaÿ��@÷���øNò"þcñ���ö9ñaÿ��uøNþcñaÿ��@÷�ôhò��
	�	Gö9ú�ñaò�øNþ(ñ�	Gò�ÿcý���
Gô��ù�ý�ò�
\ñaò������zô

3 � ò��
4

��	��������
8 � � �!
Gõ�"�#Xù�ù$"0Ì!"�%&%'��ù����("

#kþ)	&�\ô ð�ñaò�óNôhõ*�,+ � #kþ)	-�7ô ð�ñaò5ó/ôhõ*�,+ ���%.�/��	�%.�/��%hù %&%10�2 Ì!%3�/%�Í&�
��%�ø4�/��	�%.�/��%5� %&%10�2 Ì!%3�/%�Í&� ��%1���/�6	�%(�/��%1
 7/Í�2,8GÍ9�/%18'�
��%,ú��:�6	�%.�:��%5; %&%10�2 Ì!%3�/%�Í&� ��%.�:�6	�%.�:��%1� 7GÌ�2,0&<9�/%18'�
��%,ô(�:�6	�%.�:��%1
 %&%10�2 Ì!%3�/%�Í&� ��%.�/�6	�%.�/��%�ø 7GÌ�2,0&<9�/%18'�
��%.�/��	�%.�/��%hô 7-8�2�%�Ì��/%=8'� ��%�ø>�/�6	�%(�/��%,ù 7GÌ�2,0&<9�/%18'�
��%.�/��	�%.�/��%hú 7/Í�2?8GÍ��/%=8'� ��%,ù��/��	�%.�/��%5� 7GÌ�2,0&<9�/%18'�
��%�ø4�/��	�%.�/��%hô 7/Í�2?8GÍ��/%=8'� ��%,ú��/��	�%.�/��%hô 7GÌ�2,0&<9�/%18'�
��%�ø>�/�6	�%(�/��%5; 7-8�2�%�Ì��/%=8'� ��%,ú!�/�6	�%(�/��%1
 7GÌ�2,0&<9�/%18'�
��%,ù��:�6	�%.�:��%5; 7/Í�2?8GÍ��/%=8'� ��%,ô��/�6	�%.�/��%5; 7GÌ�2,0&<9�/%18'�
��%,ù��/��	�%.�/��%5
 7-8�2�%�Ì��/%=8'� ��%5;@�/�6	�%.�/��%1
 7GÌ�2,0&<9�/%18'�
��%1���/�6	�%.�/��%,ú 7-8�2�%�Ì��/%=8'� ��%,ù��/��	�%.�/��%hú %1A"Ì�2,89�³Ì-�

B ñ¾øC
&	Gò.ø/õ�ôhòCú�ôKöED�ñaôKöcô.�@ó/ôF; G�öE�rñ�ôhöIH<ù0ôhò�ôKòÀñaú�ôKò
þ(ñaÿ��@÷J� #LK�öM	Nþ12NHOKûù�õ¾ø/ýP2RQSK öM	Gÿcø�ý5ò�ú
B KT
Gö�G�ò$U��VKW%�ÌC8&8�2,XY����Z*ú[KW%>7CA
Ì�2?0F���W\]�!
Gõ^"�Ì�"�%109��ù����("�_`G5ö¿ú�ñ�ôfù0ôhñ�ú�ôhò­ø/ò�ú�ôKöcôhò�ÿcñaò5ú
ø/ý��@÷Àú5ôhöcôKò B ñaø-
&	Gò.øNõaôhò�
Gõ�ôhñ��@÷J�!þMG�öcó"ñaÿ¼ý�ò�ú�õañaõaøaUéøbKc%�Í&0'7�2d%Y���6Z�ùeKf%-%=<�%&2d%����c\a��
/õ�"
#Xù�ùP"0Ì�"�%�Ì&�(2rú�ñaôKÿcô¹ý�ò
þ(ôKöcÿM�@÷5ôhñaú5ôhò­ÿ9ñ��@÷hg9ôhú�	!�@÷��-	Gò�ú�ôhò�ø/ò�ú�ôKöcôhò B ñaø-
&	Gò.øNõaôhòP"

i äéä¨Ï<Î�Ï�í[Î�ï B ñaô ó3G�öMjKôhÿ9þcôhò �6	 · · · �6	C�k#Xù�ÿ�þml/ò�ú5ô ñ�� ú�ö9ôhñ�ú�ñ��\ôhò�ÿ9ñ�	Gò�ø/õaôKò n�ñ�þ9þ(ôKö5"øTK %�Í-0'7�2d%o����2�ùpK %&%1<�%&2d%o��� ý�ò5úq�rK %�Ì-8&8�2,Xs���6"���ø/ò ù�ôhø-�@÷
þ(ô-2ú.ø/ÿ9ÿ=ÿcô5�@÷5ÿT�6	4�t#kþ)	-�7ô ôhñaò5ôhòvu�ó"þ(ø/ôhú5ôhö:ø/ý�;!ÿ��.ø/ò�ò5ôhò$2Cú�ôKÿcÿ9ôhòvl/ü"ý.øNþ)	/öcñ¾øNõaô
w �¹ø/ò
þ(ôKò!xE;!ôK÷�õaôKò$"

y ô5
/þz�7ø/òfú5ý�öM�@÷fú�ñaô|{+ôhò
þcö(ø/õaøNþ)	&�\ô<ôhñ�ò�ôhö~}wø/ý��\öcñ��@÷
þcý�ò�

H<ù�ôKò�ôhò$2�ÿM	
�GôKöcõ¾øNý�;!ôhòfú�ñaôKÿcô��.ø/ö(øNõaõaôKõ
jhý�ôKñaò.øNò�ú�ôhö¨ñ��S#Xù�ÿ�þ@ø/ò�úY�&	Gò�Í'7-X9� A3�`����"!#¿ý��@÷uú5ñaôhÿ9ô���÷�ø/ö(ø/ó
þcôhöcñ�ÿ9þcñaó¸ñaÿ�þ*; G�ö�øNõaõaô�}wø/ý��\öcñ��@÷��
þ(ý�ò�
Gôhò�
GõaôKñ��@÷a�!ÿcñ�ôh÷�ô
#Xù�ùP"�Ì�"d%=09��ø'�M��"'�sò�ú�ôKö�n�ôhÿcø-��þ(ù0ôKþcö(ø-�@÷
þcý�ò�
BôKöM
Gñ�ù5þ¨ÿcñ��@÷uôhñaò7ú�öcôKñaú�ñ��7ôKò��
ÿcñ�	Gò.ø/õ�ôhÿ52r÷�	!�@÷�ÿ��!�Y�7ô�þ(öcñ�ÿM�@÷�ôKÿ�}wø/ý��Y
Gñiþcþ(ôKö5"



�$�������'�=�>���R���(�=�/�=�4�����'�>���N� �3�^�z���)�)���P�1�9�-���9�z������� �R¡*¢N����£^��¤¥�
3 ¦ �§�

4

¤O�`�m¨h©a�
8 ª «-¬

­�®.¯

­d°C¯
± ¡z¡|�§�R��²!�$³P´¶µ�·m¸o¹�º�»[¼!½M¾Mµ�¿'½Mµ�¾À¹�»5Á]¸�Â-Ã�Â&Ä�»5Å�½Mº�Á�·m¸�»5ÆÈÇ6Â4É:Ê~Â-Ä�Ë!Ã�».¾MÁÍÌ�º�¾M¹ÈÎ-µ�ÁÐÏ�º�».¾M»5·m¿C»5ÆÎ-µ�Ñ Ò&»5Ó9ÎCµ�½1ÔÕ Î'ÖzÏ*»5¾�¿3Æ!×�Å�Ñ µ�Æ�ÒI¹�».¾~Ø?Ï�º�».¾M»5·m¿C»�ÙÛÚ5µY¼�·m¸�º�·m¸'½)»5Æ�ÜÝ´ßÞà¾MÂ-½5á-âeÞà¾MÂ&ÁMÎ�á'ãeÞä½)×�¾M¿3º�Á.áå ÞæÒ&¾�×�Æ$á9çàÞsÓ�Ä@Î-µPá�èéÞsÄ�º�Ä@ÎCê^ÔÕ Ó�Ö
â|Ä�º�·m¿Í»5Æ'½)Ä�Î-Æ�ÒY¹�»5¾�ëßº�Æ�¿C»5Ä�¸9Î-Ä�Ó�º�»5¾�»5Æ�¹�»5Æ�Ú.Ì�º�Á�·m¸�»5Æb¹�»5¾

a
É|µ�Æ�¹

c
Ét´Û·m¸�ÁM»ì¹�»5¾ç§Ä�».Ã�».Æ'½mÎ-¾�Ú5»5Ä�Ä�» Õ^í µ�Ò&».Ä�¹9ÎC¾MÁ�½M»5Ä�Ä�µ�Æ�Ò�¹�».Á`Ï�º�»5¾�»5·m¿3Á`».º�Æ�».¾`¹�».¾`î�Ò-Ä�»5º�·m¸�»5Æìç§Ó�».Æ�»5Æ�Ö�Ôå º�» å º�Î-Ò&Â&Æ9ÎCÄ�»5ÆbÓ�»(½)¾)ÎCÒ&»5Æa·FÞpï «-¬-¬ á?ð�Å�Ãñµ�Æ�¹a¹�Þòï=óCî « á,ôÍÅ�Ã�Ô å º�»ì¹9ÎCÚ5µ�Ò&»�É¸�õ-¾Mº�Ò-»5ÆJëßº�Æ�¿-»5ÄEº�Æ�Æ�».¾M¸9Î-Ä�ÓJ¹�».Á]Ø,Ï�º�»5¾�»5·m¿-»mÙ�Ó�».½)¾MÎ-Ò&».ÆÈó « á,ô&ö Õ ï ¬ ÖM÷:á¶ï1î « á?ø&ù Õ « Ö�÷/áó « á?ô&ö Õ ï ¬ Ö�÷zµ�Æ�¹bóCø�á ¬ ø Õ ï ¬ ÖM÷/Ô3útÆÀ¹�».ÆÀ½M×�¾M¿3º�Á�µ�Æ�¹ÀÄ�º�Ä@ÎIÃÍÎC¾M¿3º�».¾�½)».Æ�¼�·m¸�º�·m¸3½M»5Æ�ÁMº�Æ�¹¹�º�» å º@ÎCÒ&Â&Æ9Î-Ä�»5Æàï&ï1ö�ï&ádï�Å�Ãûµ�Æ�¹Èï=ø&ô'ó!á�ï]Å�ÃüÄ@Î-Æ�Òaµ�Æ�¹é¹�º�»Ðëßº�Æ�¿-»5ÄÛÓ�».½M¾)Î-Ò-»5Æï&ï1ô�á « ï Õ ï=ø&ÖM÷/á�ó ¬ ádï « Õ ï ¬ ÖM÷:á�ï-ï=ô�á « ï Õ ï1ø'ÖM÷~µ�Æ�¹ýó ¬ á�ï « Õ ï ¬ ÖM÷/Ô



þ&ÿ
� � ������� �
	�� 
 �����������
������	��

������������ "!# %$����'&(��)%&"�*)*+,�����-!#$�.0/21�34��3656�*�7&8��1����* �9:1��,;� =<>��?�5@&8��A6<41B���*1�����1�34��)=�C&8D�&=�*1B.�<4EF<2G
����;,&8�')=HI.���1KJMLN)O&8��EP��1Q+R���*1TS%��UV�*�'���'34�*1XW�Y6)O&=A4�� =$��'1���?�1,34�*1Z?�1��XA4<41X���� �!# %&��,�*)�34��U(/6.��7&8��1
[\Y6 %)%&8�����'?�1�34)OU(��34�*)�D�?�?�1@&8�* %)=?�HI.,�*1Q]^!#?N_`34 =?�1,�a�,�* "34�� =�'1�34�*1B9: %56�*1,1M&=1���)%)=�bY6?,_c����EdW��*$��'��&
���*)fegH* %L>)O&IY6����1�34�'1��*�� =��1,34)ih"Uj?� =����A6�* =)%?�HI.@&k+>l�$m�* :34 %n4o4�* %�qpr�*)%)= %�*��.,�*1s����1t$� %�*�7&8�*)VJN;m�*5@&= =?�E
A4<41B9:�'1,u0?�)%)=34 %n4o4�*1BD�?�?�1@&8�* %)=?�HI.,�*1Q]m[\Y6$m�*�mUj?� =�,�*1�_`l�1,_vA4�� =)%HI.��������*1��xwVL4Y61�<4EF��&8Y6����Y2&8�#Y6��)
eyA4<4 %34�*�'�*36&=�zhj{��' %&=)=34�7&=&8�� |)=<}Uj���x~��b<4 %3@Y61��')=HI.��q�|�* %$���1��,?�1�34��1�Y6��)�;m<6&8��1�D*�'�*���'�-Wb/6)O&8�-��1\S%�*���� 
�-<4E�$���10Y�&8��<61T?�1@&8�� =)=?,HI.M&*]

�s��� ������� �C�c�Q���������f�����a���v�C���B�Q���"���B�k�B�B�a���b�j�

 ¡E�A6<4 8Y61,34�*3@Y21�34�*1,�*1x�bY2;��'&=�*�2Uj?, =����1��� %�*�4;m<6&8��1�D*�'�*�'���¢{��' %&8)%34�'&%&8�� �A4<4E
super

G¡£(�* %��1��� =$���Y6?NG
¤�L>;¥Y2?�)=34�'�*$��'3B$���)=;� %<NHI.���1Q]f[-�*)xUV�*�7&8�� =�*1¦Uj?� =����1§���'�P.�<6EP<4�'�*;,&=��)%HI.��*1¦�-<><4 =�,��10Y2&=��<41,)=;m<2G
�'L>EF�* =�r¨0� 2+ +(w(< 3+ ?�1��
w(? 1+ A6<4E 34������HI.���1©¤�L>;�A4�� %UV�*1��,��&k]q[\Y2)�¨0� 2+ G¡ª�<4�7LNEF�* P��)O&T��1
)=����1���E«!#?N_`$0Y6?rY610Y6�'<43�����E¬)=HI.�<61r$m�*)%HI.� =�'�*$m�*1���1®­j?NGiªc<4�'L>EF�* *]>�|<4E«.,<4EP<6���*;N&8��)%HI.��*1rw(?NG
ª�<4�7L>EP�� f56<41,1M&=�*1F1�<>HI.F52�*�'1��j9:��1�5M =�')%&8Y6���'�V�� =.0Y6�7&8��1�UV�* %���*1�]@!#?,_QW� %?�1���A6<41��*����EP��1@&IY6 =Y610Y�G
�'LM&8�')=HI.���1b¯-1@&8�� =)=?,HI.>?,1�34�*1�Uj�' =�����'����?�)8Y6EFEF�*1�)%��&8D�?�1�3

[(Me3Sn)3Cu(CN)4]
?,1M&=�* %)%&8�����7& [19] ]

[#���bJM&8 =?,5M&=?� j���*)#w(<2G¡ª�<4�7LNEF�* %)"Uj?� =�,�b$m�* %�*�7&8)j��1B���� -9:�'1������'&8?,1�3�A4<6 =34��)%&8�����7&k]

�s�=° ����� ±³²b�Q�v�

9:��1´$m�*5�Y61,1M&=�* s�|�� %&= =��&=�* s_`l, T�-<><4 %����10Y�&8��<61�)%A6�* =$,��1���?,1�34�*1µ��)O&T�0Y6)s¶�+·¶,¸¹G¡£(��;@L> =�'����1Q]|9:)P��)%&
Y6?,_`34 %?�1��T)%�*�'1��* (¨f/6.��'3456���'&

σ
Gf?,1��

π
Gi£V��1���?,1�34�*1PD*?�E«���*1@&= 8Y6�'��<41PY6?�)%D*?�$��'������1T��1s���* (ºcY234�6+

�-<><4 =�,��10Y2&=��<41,)%A4�� =$��'1���?�1,34�*1tEF�'&:pr��&8Y6���'�*1�_»Y6)O&�Y6���'�* :W� =?,;�;���1����*)�ª��� =�'<N����1�)%L>)O&8�*EF)|�*�'1�D*?NG
34�*.,�*1Q]N[\Y6$m�*�mUj�� =5@&(������)=���}G¡Dk/2.�1���36�#£"Y2)=��Y6?,)=)=HI.,������o4���'HI.PEF��&8Y6���7A4�� =$� %l�HI56��1���?�1���1��'HI.@&(Uj���
Y61����� =�s�|�� %&= =��&=�* t���'�*)%�* t���¼Y2)=)=�sHI.��*��Y2&8�')=���� =��1��Q]¢JN<®A4�� %Uj?�1��,�* %&F��)�1���HI.@&tUV�*�7&8�* �+¢�0Y2)=)t�0Y6)
¶�+½¶�¸¹G¡£(��;@L> =�'����1K?�1��¾)=�*�'1��B!#$�52n4EFEP�'��1�34�s�*��1¿34���*�'341���&=�* �+:EP<4�'�*5M?���Y6 =�� �W� %?�1���$�Y6?�)%&=�*�'1¾_`l� 
JN?�;� =Y6EF<4����5>l,����)%��1���]� ¡E³!- =$m�*�7&8)=5M %�*��)�¨���)=HI.,�* #Uj?� %����������)=��)�£(��;@L> =�'����1®$m�* %�*�7&8)�EF�'&#9| O_`<4��3
�*�'1�34�*)%��&=D�& [5, 19] ]



ÀQÁ'ÂKÃBÄ»ÅÇÆ�È�É�Ê}Å Ë,Ì

Í(Î�ÏRÐ�Î*ÑjÒ-Ó�Ô%Õ(Ö6×�ØvÐ�Î�Ñ#Ù�Ú6ÔOÛ8Î\ÕjÓ�Ñ%Ð�Î*ÜaÝ`Þ4Ø�ß4Î�Ü�Ð�Î�à:Ï�ß6Î*Ü�Ô%áI×0Ö2ÝâÛ8Î�Üäã�Ó�ß4Ñ=Ó,Ü�Ð�Î�ß4Î*Ø'Î*ß6Û*å

æ Ö2Ø�Ø�Î�ÙbÚ6ÔOÛ8Î�Ô%Þ4Ø�Ø7Û8Î*ÜBçFÏ�Ü�Ð,Î*Ô%Û=Î*Ü�ÔjÎ�Ï�Ü�Î�Üa×,Î�Û8Î�Ñ=Þ2ègÒ#Ñ%Þ4çsÖ�Û8Î*ÜBémÎ*Ô%Ï'Û8ã�Î*ÜQê

æ Ó,ÜMÛ=Î*Ñ%Ô=áI×�Ï'Î*Ð�Ø'Ï�áI×�ÎbëvÚ6Ü�ß4Î�Ð�Î�Ô-Ù�Î�Ô8Ö6ç�Û=çPÞ6Ø�Î*ìMí�Ø'Ô*ê

æ à:Ï'Ü�Ô8Ö2Û=ã\î4Î�Ñ=Ô=áI×,Ï�Î*Ð,Î*Ñ-Ý`Ó,Ü�ì@Û8Ï�Þ6Ü�Î*Ø'Ø�Î*Ñ�Ù�Ñ%Ó�ï�ïmÎ*ÜQð

ñ\Ö®émÎ*Ñ%Î*Ï7Û8ÔtÍ(Ñ%Ï�çPÖ6× [20] Ð�Ï�ÎTÒ-ì@Û8Ï'î>Ï7ÛIÚ2Ûbî4Þ4Ü¾ò�Ñ%ó>ï,Û8Ö6Ü�Ð�Î�Ü¿Ï�Ü¥Í(Î�ã*Ó�ßZÖ6ÓNÝjÐ�Ï�ÎTÒ-Ó�Ô=é,Ï�Ø�Ð,Ó�Ü�ß®Ô%ÓNè
ï�Ñ=Ö6çFÞ4Ø�Î�ì>Ó,Ø¼Ö6Ñ%Î*Ñ:òqÞNÞ4Ñ%Ð�Ï�Ü�Ö2Û8Ï'Þ4Ü�Ô%î6Î*Ñ%é�Ï�Ü�Ð,Ó�Ü�ß4Î�Ü�î4Î*Ñ%ç�Ó,Û=Î�ÛV×0Ö2Û=Û=Î6ê4ÕjÓ�Ñ%Ð�Î*ÜPÖ6Ó�áI×Pã�ÕVÎ*Ï0ô|Î*ÑOÛ8Ñ%Î�Û8Î�Ñ
Ð�Ï'Î*Ô%Î*Ñ�ô|Î*Ñ%é�Ï�Ü�Ð,Ó�Ü�ß4Ô%ì>Ø�Ö6Ô=Ô%Î�Î*Ï�Ü,ß4Î*Ô%Î�Û8ãCÛkð

õ(ö,÷ Á|ÀQÁ»ø0ù Ò#ÓNÝ`Ô%Û8Î�Ø�Ø'Ó�Ü�ßFÐ�Î*ÑqÏ�Ü�Ô%ß4Î*Ô=Ö6ç�ÛqÎ*Ï'Ü�ß4Î�Ô=Î�Û=ã�Û=Î*ÜÇïmÞ6Û8Î�Ü�ã*Ï'Î*Ø�Ø'Î*ÜrÙ�Ú6Ô%Û=ÎxçFÏ'ÛjÐ�Î�Ñ=Î�Ü®Ò#é�ìMí�Ñiè
ã*Ó,Ü�ß4Î*Ü�ê4úNÓ,çPçFÎ*ÜNè�Ó�Ü,Ð�ú>Û8Ñ%Ó�ì@Û8Ó�ÑOÝ`Þ4Ñ=çFÎ*Ø�û»×,Ï�Î*ÑcÜ�Ï'áI×MÛ�ß4Î�Þ4Ñ=Ð�Ü,Î�ÛfÜ�Ö6áI×�ô|Î*Ñ%é�Ï�Ü,Ð�Ó�Ü�ß4Ôiè
ìMØ¼Ö6Ô%Ô=Î�ÜBè�Ò-Ó�Ô%Õ(Ö6×�ØvÐ�Î�ÑqÒ-é�ìMí�Ñ=ã�Ó�Ü�ß4Î�ÜrÕjÏ'Ø�Ø�ìMí�Ñ%Ø�Ï'áI×^üCð

Ò#é,ìmð ý-Ö6çPÎ úNÓ�çFçFÎ*Ü,Ý`Þ4Ñ%çPÎ�Ø ú>Û=Ñ=Ó�ì@Û=Ó�Ñ%Ý`Þ4Ñ%çPÎ�Ø

A
û¼èOü¡è¡ýjèiþrÎ�Û=×Mó>Ø'Î*ï�×�Î�Ð�Ñ=Ï'Ü ÿ

11 � 17

ý�� HO

H

H

N
CH3

CH3

CH3

B

� ê���è Ì�� ê Ì � èiñ-Ï�émÎ*Ü�ã�Þ2è
� ê	�Nê Ì}Ë ê Ì �,ê	
 Ì ê	
 � è
×�Î��,Ö6Þ���Ö�è Ì ê Ì�
 ègÐ�Ï¼Ö6ã*Ö�è
é�Ï'á�ó>á*Ø'Þ����,ð	�Nð	���'×�Î���Ö2á*Þ4Ô=Ö6Ü
û»ò�ÑOó>ï,ÛIÖ6Ü,Ð���


B

ð�

B

ð�
��¼ü

ÿ
26 � 36

ý
2

�
6

OO

O O

N O O N

C

Ò�Ð�Î�Ü�Þ4Ô%Ï�ÜNè ��� è
Ð�Ï'ï�×�Þ4Ô%ï�×0Ö2Û
û»ñ#Ï�Ü0Ö�Û8Ñ=Ï'Ó�çFÔ8Ö6Ø'ã}ü

ÿ
10 � 13

ý
5

ý-Ö
2

�
10 � 2

N

N
N

N

NH2

OH OH

O

OPOPO

OH

O O

O

Na

Na



��� � �"!$#&%('*),+.-0/�'

1325476 8:9<;>= ?�@.;A;>=0B5C(DFEG;A=IH ?KJLEM@.4�JL@.ENC(DFEG;A=IH

D OQPSRUTWVYX[Z J X[\.X B ]
6 V 9

8
3 ^ 2

N NH

CH2 C

NH2

H

COOH

E _ EM`Ka5JGDFa.b�9<B ]
11 V 12

8
2 ^ 2

N
H

CH2 C

NH2

H

COOH

F c�TWd =IEMe�9<a�JLDFa�`KE X"\.X B ]
5 V 5

83?
N

SH

G c�TWf `KE X[\5X B.B X JLE X H ]
6 V 4

8
2

N

CN

M c.g�c.hiTWj3X JLb X D Tk\5X a�`KE X[\5X B ]
10 V 8

8
2

?
2

N S S N

N
� g � hiTWj:X JLb X D \.X a�`KE X"\.X B ]

10 V 8

8
2

?
2

N

N S

S

O

JGEL9<B ZWTmlFg � Tkj3XnT
OoTkc�T ap`KE X[\ `KH R =0JGbp`KH"=IB

]
12 V 10

8
2

N

N

P c�Tkf `�E X[\.X B.DFH ]
5 V 5

8 ^
N

OH

Q

c.g	q�gnl � gnl�r5g � lFg � c�T
V =ts59<D�s59 TmlFgnl�u�TU\.X 9�v�9 T2 X e0`KeIH"D�w�x56	x�6	x�y"b.=�s.9�eID Z 9<B
OQz EN`Ka5Jm9<B \ w � 6 � 6 � y R

]
18 V 36

8
2 ^ 6

O O

O O

N O O N



{ |"{�}�~7���K�����(�5���������S����~����������K�S�t���K���0� �F�
�>�M� ���¡  ¢¤£,¥>¦0§©¨�ª,«¬ª­£&® ¯°��«S±�¢¤²&¢¤£&³ ´µ¢·¶0³�¢

¸º¹.»½¼¿¾0ÀGÀG¾0»G¾0ÁÃÂ:¼7¾I»MÀGÄ"ÅmÆpÇÉÈ5¾I»ÉÊË»GÌF¾0¼.Á.Ä"ÀGÀG¾,Æ.Í�ÇÉÀGÄ"ÅmÆÎÈ.Ä[¾ÐÏ(ÑFÒ"ÌF¾IÁ5È.¾ÐÓ©¹.»MÔIÀGÅmÆ5»G¾IÄ"¼�ÕÖ¾0Ä[ÀG¾­¼7¾IÄ×È.¾0»
ØÖ¾0ÔI¾0Ä[ÅmÆ.Áp¹.Á.Ì>È.¾I»¤È�Í�»GÔI¹5ÀMÇL¾0Ò[Ò"¾IÁ.È.¾0ÁÚÙ�ÑFÒ"ÛKÜA¾I»M¾©¼¿¾tÕ×Ý<Æ5»MÇ�Þ
ß�Í�ÀY¾0Ä[Á.Ì<¾IÀG¾tÇLÔtÇL¾¡à�¾0ÇLÍ<Ò[Ò"Å0ÛFÍ<Á.Ä[ÈÐÕ¤Ä"»GÈ,Ä"Á­È5¾I»¤Ó©¹.»GÔtÏ(ÑF»GÜáÈ.¹.»MÅmÆ�È�Í�ÀY¸º¾IÁ�ÇL»GÍ<ÒoÍ�ÇGÑFÜâÈ.¾IÀ¤¾IÁ�ÇGÀGã.»M¾tä
ÅmÆ.¾0Á.È.¾0ÁæåçÛ�Í<Á5ÑFè<ÑFÜAã.Ò"¾té�¾IÀY¼¿¾0Á�Í<Á.Á�ÇIê7ë�ÑAÕ¤Ä"»GÈ&ÔI¹5Ü¬ØÖ¾IÄ"ÀGã.Ä"¾IÒºÏ(ì5»YÈ.Í<À¤¾IÄ[Á5ÌF¾IÀM¾0ÇLÔtÇL¾�ÓíÍ<Ò[Ä"¹.ÜAÆ.¾tä
é5Í<ÅtÛ�Í<Á.ÑKÅIÑ<¼�Í<Ò"ÇLÍ�ÇYÁp¹.»Yî�ï ~5ð ÌF¾0ÀGÅmÆ.»MÄ[¾I¼7¾IÁºêºß3Ä"¾¡È5ÑF»MÇ3Í<Ò[À:ñíÍ<ÀMÇ¤Ï(¹.Á5ÌFÄ[¾0»G¾IÁ5È.¾�òó¾0»G¼.Ä"Á.È.¹.Á5Ì>Õ¤Ä[»MÈ
È.¹5»GÅmÆæ¾IÄ"Á.¾IÁôèp¹.»MÀGÄnõÚÌF¾0Æ�Í<ÒnÇL¾IÁ5¾IÁæØÖ¹.ÅmÆ5ÀMÇmÍ�¼¿¾0Á÷ö,ø�ù¬»G¾0ã.»LÝ�ÀG¾IÁ�ÇGÄ[¾I»NÇAú(õKÌFÒ�ê¿ûSÍ<¼ ê � ênüFÞ

A ý úoäWþUä
ÿ·äNà�¾tÇLÆ�ÛKÒ[¾Iã5Æ.¾IÈ.»MÄ[Á�þ�êËë�ÅmÆ5Ò[Ä[¾��FÒ[Ä"ÅmÆ$Õ¤Ä"»GÈÎÈ.¾0»�¾IÄ"Á.ÌF¾IÀM¾0ÇGÔ0ÇL¾,ë�ã�Í<Å0¾I»�� È�Í<À�û�»GÄ"Ü>¾tÇLÆ�ÛKÒ[ÔIÄ"Á.Á.ÅmÆ.Ò"ÑF»GÄ"È��
È.¹5»GÅmÆ È.Ä[¾ Ó©¹.»MÔIÀMÅmÆ.»G¾0Ä[¼�ÕÖ¾0Ä[ÀM¾�� � ÀMÛKÜ�¼7ÑFÒ[Ä"ÀGÄ"¾I»MÇIê×ëKÑFÜ>ÄnÇÐ¾0»GÆ�Ý<ÒnÇ&Ü�Í�Á Óí¹5»GÔ0Ï(Ñ<»GÜA¾IÁÃÕ¤Ä[¾ Ô�ê	Ø:ê
ï ~ ö�� � ê
� ¹5Ï(ÌF»G¹5Á.È&È.¾I»·òó¾I»MÜ�¹5ÇG¹.Á.Ì	�.È.Í<ÀGÀ¤È�Í<À¤Ô0¹­¾0»MÕÖÍ<»MÇG¾IÁ.È5¾½ÙË»GÑKÈ.¹.è�Ç:Í<¹.ÅmÆ&¾0Ä[Á.¾ � ¼.Æ�Ý<Á.Ì<Ä[ÌFè�¾IÄ"Ç·õ<ÑFÁ
È.¾0»�
Y¾0Ä[Æ.¾0Á5Ï(ÑFÒ"ÌF¾�È.¾0» Ô0Õç¾IÄ¤ß�Í�»GÀMÇG¾IÒ"Ò[¹.Á.Ì<ÀGÀGÅmÆ5»GÄ"ÇMÇL¾,Ô0¾IÄ[Ì<¾IÁÎè
�<Á.Á�ÇL¾
� Õ¤¹5»GÈ.¾0Á ÔtÕÖ¾0Ä·ã.»LÝ<ã.Í<»LÍ�ÇGÄ"õ<¾
òóÑF»MÌF¾IÆ5¾IÁ.ÀNÕÖ¾0Ä[ÀG¾0Áæ¼¿¾0ÀGÅmÆ.»MÄ"ÇGÇG¾IÁ ê��kÜ ¾0»GÀNÇL¾IÁ��$¾IÌ>Õ¤¹.»GÈ.¾0ÁæÈ.Ä[¾¡¼¿¾0Ä[È.¾0Á Ó:ÑFÜAã7ÑFÁ.¾IÁ�ÇG¾IÁ÷ú�åÖÑ	�

A
þ

ÌF¾0Ò��FÀNÇ×¹.Á5È,ÔI¹.ÀGÍ<Ü>ÜA¾IÁÚü�� à�Ä"ÁK¹�ÇL¾IÁ&Ò[Í<Á.Ì½Ì<¾I»Gì5Æ.»MÇIê�¸º¹ÐÈ.Ä"¾IÀM¾IÜ¬ñ©¾IÜAÄ[ÀMÅmÆ�Õ¤¹.»MÈ.¾©Í<Á.ÀMÅmÆ.Ò[Ä"¾��F¾0Á.È
È.Ä"¾�� Ý<Ò"Ò[¹.Á.Ì<ÀGè<Ñ<Ü>ã7ÑFÁ.¾0ÁpÇG¾ ú ë�Á�þ Ô0¹.ÌF¾0ÌF¾I¼7¾IÁ ¹.Á.È È�Í<À*ÙË»GÑKÈ.¹.è�Ç���Ò"ÇG»GÄ[¾0»MÇIê�ß3Ä"¾÷ß�Í<»GÀNÇL¾0Ò[Ò[¹5Á.Ì
¾0»MÏ(ÑFÒ"Ì<ÇL¾�ÀMÑFÜAÄ"Ç·ÌF¾0Ü�Ý��AÈ5¾I»:ñíÒ"¾IÄ"ÅmÆK¹5Á.Ì.Þ
{

Kx[M(CN)y] + zG
}

aq
+ xMe3SnCl 


[

(Me3Sn)xM(CN)y · vG · wH2O
]




y
+ xKCl (1)

Ó©¹.»GÔtÏ(ÑF»GÜ­Þ�åÖÑ
A
ë�Á

ß3¾0»�Ô0Õç¾IÄnÇL¾��$¾IÌ*ú�ë�ã�Í<Å0¾I»�Ä"Á����FÀG¹.Á5Ì,Ü>ÄnÇ©ñíÍ<ÀMÇ3Ï(ì.»�ü��,à­Ä[Áp¹5ÇL¾0Á »Gì.Æ5»G¾IÁæ¹.Á5ÈæÍ<Á.ÀGÅmÆ5Ò[Ä[¾��F¾IÁ5È.¾
� Ý�Ò[Ò[¹5Á.Ì Ü>ÄnÇGÇG¾IÒ[À à�¾0ÇLÍ<Ò[Ò"Å0Û�Í�Á.Ä[È�þ¡Õ¤Ä"»GÈ ¾I¼7¾IÁ5ÏQÍ�Ò[Ò[À È5¹.»GÅmÆÃ¾0Ä[Á.¾­Ó©¹.»MÔ0Ï(ÑF»MÜ ¼¿¾0ÀGÅmÆ.»MÄ[¾0¼¿¾0Á êÖß:Ä[¾IÀM¾
Ò[Í<¹5ÇL¾tÇ½È.Í<Á.Á�� �

A
ï ~ êËë�ÑFÜAÄ"ÇíÀNÇL¾0Ò[Ò"Ç¡È.Ä"¾�
¤¾IÄ"Æ.¾IÁ5Ï(Ñ<Ò[ÌF¾ÉÈ.¾0»�Ó©¹.»GÔ0¼¿¾0ÔI¾0Ä[ÅmÆ.Áp¹.Á.Ì<¾IÁÎÈ.¾0Á�
Y¾IÍ<è�ÇLÄ ä

ÑFÁ5ÀMÕç¾IÌ�È.Í<»Iê�ß:Ä[¾íÔI¹.Ì<¾IÆ	�F»MÄ[ÌF¾�
¤¾�Í�èpÇGÄ[ÑFÁ5ÀGÌFÒ"¾IÄ[ÅmÆp¹.Á5ÌAÒ[Í<¹5ÇG¾0Ç�Þ
{

xMe3SnCl + zG
}

aq
+ Kx[M(CN)y] 


[

(Me3Sn)xM(CN)y · vG · wH2O
]




y
+ xKCl (2)

Ó©¹.»GÔtÏ(ÑF»GÜ­Þ�ëKÁ
A
åÖÑ



�
 !�"#!%$'&)(+*-,/.�02143658795:,/;=<>&?76@?*-A/*-,/B�C�*-DEB�*

FHG�I	J�G�K�J�L�I	J�G�MON�J�L#PRQTS	G	UVJ�GXW
Y
G	G	J�G�I	L#JZJ�L�G	[�J�N#G	J�GX\^]�_`La]�K	N�J�Gcbadfe6gVeh[
ehijS	G	IXkml�iVJ�_on`PRQ	L#J�I	J�G	J
p+J�_oq`J>]�G	G	J�Q4r9J�G�s
d t � e  
g t  evuwe?x
[ t 3

2i t y4e�z
e 3
2k t y4e?{-e � S4G	I%| �

} t ~��	e)~�S�e?�vJ�e?}��	e?��I�evS	G4I���S
M t M��
noq`JOn`L�J�Q	J���]�K�J�N�N�J �w� z
��]�n`L#PRQ��O_`L�n�qR]
N#N�J�G	L#PRQTqcG-S4_cL�G=I4J�G�J�L#UVJ�G�q�N#L�PRQ	J�G��O_`L#noqR]�N�Na]�G	n���q`[�J�G�UVJ�K	L�N#I	J�q�Qv]
K)J�G�eZn`�VGw�
I	J�_oGXUVJ�N�J�UVJ�G�q�N#L�PRQ>]
S	PRQ�L#r���L�N�q�_`]�q�[�S>�vG	I	J�GXk�]�_`J�Gfehk�L#_`IXJ�L�G	J�kZJ�L#q`J�_oJ��OS	_`[��2�V_`r�J�L�G	U
J��2 	Q	_�q¡s

¢ &
A £ ,/¤�7

¢ &
A £ ,/¥¦D

£ , A ¢ &)¥¦D

K�J�[�J�L#PRQ	G	J�q��O_`L#noqR]�N�N�J�]
S	n'I	J�r �O_`L#noqR]�N�Na]�G	n�]�q`[�r9L�q�I	J�G§�m�Vr©¨)�VG	J�G�q`J�G
~Zg�]
G	�-P��
Kv]
N#q�]�q¡eZM�]
noq

A
S	G	I��/_`L#r9J�q�Q�g-N�[�L�G	G	PRQ4N��V_oL�I§bEGv]
PRQ�I4J�_9k��
non`_`Lª�

UVJ�G�M�]
n��H�«L#¬�S	n`L#�VG	n­��}�J�q�Q	�-I	J�l �
K�J�[�J�L#PRQ	G	J�q®�O_`L#noqR]�N�N�J�e�I	L#J¯noL�PRQ°L#G±I4J�r ��L�N�q�_`]�q²~��

A ³ G´I	J�_²µ�S	N#WV�
��]
_`n�q�J�N�N�S4G	U¶UVJ�K4L�N�I4J�q�Qv]
K)J�G �
K�J�[�J�L#PRQ	G	J�q�no�Vr©L#q·�O_oL�noq�]
N�N#J
e^I	L�J�n`L�PRQ¸L�G�I4J�r ��L#N#q`_�]�q ³ G A ~��¹UVJ�K	L�N#I	J�q
Qv]
K)J�G �

�«L�J>S	r©UVJ�W�J�Q	_�q�J¶��]�_`noq`J�N#N�S	G	U
n`_`J�L�Q	J�G4�2�VN#UVJ ³ G A ~����O_�U
L�K4qmJ�n�G4L�PRQ�q©b2i-UVN ��º K	n`PRQ4G	L#qoq¶z � {we)Iv]
GTS	_�Iv]�n��/_`L�r©J�q`Q�gwN#[�L#G	G	PRQ	N#�V_`L#I¹noS	K	N�L#r9L#J�_�q¡e�G	L#PRQTqc]
K)J�_�I4L�J'J�L�G4UVJ�noJ�q�[�q�J�G¸~Zg�]
G	�
r9J�qR]
N#Na]�q`J �
�vJ�Q	N�qcI	L#J º G	U�]�K�J�i
�VG�»­�O_­¼�K	[�k � »­��L½¼�L#G�I	J�_��OS	_o[��2�V_or�eZIv]
G	G�L#noq·Iv]�n>¾oJ�kZJ�L�N#L�UVJ�µ�S	N�WV�
��_`�-I	S	W�q¿UVJ�r©J�L#GTq �



À�Á

Â ÃÅÄ�ÆÈÇ�É§Ê�Ë-Ì¿Ì¦Ç

Í·Î�Ï ÐÒÑ�Ó±ÔÖÕ�×©Ø�Ù·Ú©Û8Ó±Ø·Ó�ÕÝÜÞÓ¦Ñ�ß·Ó�à©Ù�à�Û8Ó�Õ�á8Ù'â�ß©Ù�à·ã

äHå±ævç
èRé4ê2ëVì#íVî�æ4ï	î�æ�ð«ñ	òoèRé	æ	ó�ô`ô�ò`ó#æ	ï�ï	ó�î�õ�öoíVî�ñ	æ4ó�ò`òoî�ï	î�ö¶ó#åø÷
ëVö`é	î�ö`ó#íVî�æ�ù�ç
ú	ó�ô�î�ìZævû
é	î�ö�ñ�îýü
òoèRé	ö`ó#î�ñ)î�æ	î�æ�þHÿ¿î�ó�é	î�æ��	æ�ô�î�öoò��	èRé��	æ4í���ó#æ�ôRç�ñ�î�ì�ìaç�ö`ó�òoèRé	î�ö��vëVöoå���ó#î�ï	î�ö`íVî�íVî�ñ)î�æ
	
��ç
�������	öoï	î�æ
ï	ó#î��¿å9òoî�ô����	æ	íVî�æÈå9ó�ô«î�ó�æ	î�å����Vç
æ	ëVå©î�ô�ç
ì�ì�ç�ô��	æ	ïÈç
ì#ì�î�æ��jû�òoô�î�æ��fòoë���ó�î�ï	ó#îXïvç�ñ�î�ó�î�æ�ô`òoôRç�æwü
ï	î�æ	î�æ���öoëwï �"!Tô`î��	æ	ï�ó#é	ö`î���évç
ö#!Tô`î�öoó�ò`ó#î�ö#�	æ	í%$oî&��î�ó�ì�ò9ó�æ¹î�ó�æ4î�ö(':ç
ñ)î�ì#ì�î%���	ò`ç
å9å©î�æ4íVî�êEç
òoòoô�	
)
�	ò`û�ô���ì�ó#èRé����	ö`ï	î�æ+ç
�	èRé%ï4ó�î�*�î�öoñ	ó�æ4ï �	æ	íVî�æÈå9ó�ôOç+�4ê2í
î�æ	ëVå©å©î�æ���ï	ó�î¶ï �4ö`èRé%ù�öoó�ò�ôRç
ì#ì�ó�ò`ç�ô�ó#ëVæ
ç+�4òOï	î�å ÿ�î¡ç
!Tô`ó�ëVæ4ò#,vì�ô�ö�çhô�î�æ�ô`òoôRç�æ	ï	î�æ
	-�-.	öOï	ó�îXî�ó�æ"��î�ì#æ	î�æ�ÿ�î¡ç+!�ô`ó�ëVæ	î�æÈñ ���/	8ÿ�î¡ç+!�ô`ó�ëVæ	ò0��îýü
íVî©òoô`î�é	î�æ ï	ó�î©ñ)î�ö`î�ó#ô`òXî�ó#æ	íVî�ê1.	é	öoô`î�æ+ù/.4ö���î�ì32 ÷-íVì4	8ð«ñ4ò`èRé	æ	ó�ô`ô À 	 À65 	7�«î�ö8!��	ö`òoó#÷�ïvç
öoíVî�ò�ô�î�ì#ì#ô`î
�Oö`ë69
ñ �	èRé	ò�ôRç
ñ)î�ò0�wåXñ�ëVì#ó�òoó�î�ö�ô8ï	î�æXî�ó�æ4íVî�òoî�ô���ô�î�æ:�jç�òoô;22÷-íVì4	�':ç
ñ�	 À 	=< 5 	��«ó#î;��é	ç
ö�ç+!�ô`î�ö`ó#ò`ó#î�ö��4æ	í
ï	î�öXî�ö`évç
ì�ô�î�æ	î�æ>��öoëwï �"!Tô`îcî�ö�ê2ëVì�í�ô�î3$oî��Zî�ó�ì#òXå©ó#ôoô�î�ì#òjÿ�?Væ�ô`íVî�æ	ú"�	ì#÷
î�ö`ï4óA@�ö�ç+!�ô�ë
å9î�ô�ö`ó#îB21COÿ�� 5 �
õ�ì�î�å9î�æ�ôRç
ö`ç
ævç
ì=�wòoîD24�;E�F 5 �4äHæ4ê2ö�ç
öoë
ô�òoú�î�!�ô�ö`ë
ò�!
ë
ú	ó�îG2Eä­ÿ 5 �	æ	ïIHD�Zë9åD?VíVì#ó�èRéDH�ï �	öoèRé�õ�ó#æ !Tö`ó�ü
ò�ôRç
ì#ì�ï	ó=@fö`ç+!�ô�ëVå©î�ô`ö`ó�îI24J-ô`ö�� !�ô�	 ü ð«ævç
ìK	 5 	L�«ó#îD�4æTô`î�æ�í
î���î�ó�í
ô`î�æM'�ç�ñ�î�ì�ì�î�æÈòoô�î�ì�ì#î�æ�î�ó�æ4î(�Oî�ò`ç
åXô�ü
.	ñ)î�öoò`ó#èRéTô�ï4î�ö¦ÿ�î�ó#é	î�æ��	æ�ô�î�ö`ò#�	èRé��	æ	í©ïvç
ö�	wäHæ·ï	î�æN�Zî�ó�ô�î�öoî�æO�«ó#ò�!��	òoò`ó�ë
æ	î�æN�Zî�ö`ï4î�æ�$oî�ï	ë-èRé·æ��	ö
æ	ë-èRé�ï	ó#îP*�î�ö`ñ	ó#æ	ï �	æ4íVî�æ�ñ)î�ô`ö�ç
èRé�ô`î�ôQ��ñ�î�ó:ï4î�æ	î�æ�ï	ó�îR��û
òoô`î>ôRçhô�ò�û�èRé	ì�ó#èRéS����î�ó�æ4î�ö¿æ	î��	î�æÈùOö`ó�ü
ò�ôRç
ì#ì�òoô`ö�� !�ô��	ö ê1.	é	ö�ô�î�æ
	T�«ç>ï	ó#î��;EUF�ü ð«ævç�ìA�-ò`î�æ�ñ)î�ó?å�ç�æ	èRé	î�æ9ð«æ	ò`û�ô���î�æ�ç+�4êWV'ó�ò`èRé��	æ4íVî�æ�÷
ëVæ
å©î�é	öoî�öoî�æX��öoëwï"� !�ô�î�æ¹é	ó�æ4ï	î��4ô`î�ô`î�æY22ï	ó�î�ò`î�ò`ó#æ	ï�ó�æ�ï	î�ö�ævç
èRéwê2ëVì�íVî�æ	ï	î�æX':ç
ñ)î�ì�ì#î·å9ó�ô¶î�ó#æ	î�å
å©ó=Z�ç
ì#ò«õ�öoíVî�ñ	æ4ó�ò«í
î�!
î�æ	æ ��î�ó�èRé4æ	î�ô 5 ���	ö`ï	î�ç+�4ê�î�ó#æ	î8�Zî�ó�ô�î�ö`î[��é	ç
ö�ç+!�ô`î�ö`ó#ò`ó#î�ö��4æ	ícï	ó#î�ò`î�ö3��ö`ëhü
ï �"!Tô`î¿÷
î�ö#��ó�èRé�ô`î�ôQ	wõ�òZòoëVì�ì4é	ó�î�ö^æ��	ö�ê2î�ò�ô�íVî�évç
ì�ô�î�æ:�Zî�ö`ï4î�æ��-ïvç
òoò^ï4ó�î�òoî«õ�öoíVî�ñ	æ4ó�ò`òoîmó#å\)
�	íVî¦ï4î�ò
òoè�ö`î�î�æ	ó#æ	íVò^î�öoévç
ì#ô`î�æ[���	öoï	î�æ�	Tðmæ	ò�û�ô���î
�-ñ)î�óvï4î�æ	î�æ(!
î�ó�æG��ö`ë-ï � !�ô^ïvç
ö`í
î�òoô`î�ì#ì#ô]�Zî�ö`ï4î�æ(!�ëVæ	æ�ô�î
�
òoó�æ	ï%ó�æ�ï	î�ö8'�ç
ñ)î�ì#ì�î�å©ó#ô�î�ó#æ	î�å_^cíVî�!�î�æ	æ"��î�ó#èRé	æ	î�ôQ	�õ�òXí
ó�ñ4ô>õ�ó�æ�ô�ö`û
íVî�æ+ó�æ�ï	î�öR':ç
ñ�î�ì�ì#î+��ï	ó#î
î�ó�æ	îRJ-ô�ö#� !�ô��	ö�ê2ëVö`å©î�ì/ç+�4ò#�Zî�ó�òoî�æ�ë
ñ��ZëVé	ì/ïvç�ê1.4ö�!�î�ó�æ4î�ùOö`ó#òoôRç�ì�ì�ò�ô�ö#� !�ô��	ö`ç
ævç
ì=�wòoîOåG?
íVì�ó#èRéO��ç
ö�	
�`.4ö>ï	ó#î�òoîNJ-ô`ö�� !�ô��4öoê2ëVöoå9î�ì�æa���	ö`ï	î�æ�õ�ö�!
î�æ	æ�ô�æ	ó#ò`òoîc÷VëVæ û�é	æ	ì�ó#èRé	î�æM*�î�öoñ	ó�æ	ï"�	æ	íVî�æ�ï	î�ö>íVì�î�ó�ü
èRé	î�æb�Oö��	ú4ú�î�é	î�ö�ç
æ	í
î���ë
íVî�æ��vñ)î�ó�ï4î�æ	î�æ�ï	ó#î�ù�öoó�ò�ôRç
ì#ì�òoô`ö�� !�ô��	ö�ç
æ	ç
ìA�-ò`î«î�ö`ò�ô�î�ì�ì#ôc�Zî�öoï	î�æB!
ëVæ4æwü
ô`î+	dJwë[���	öoï	î�æ%���4åfe�î�ó#ò`ú	ó#î�ì)ê1.	ö¦ï	ó�î«ð«æ	ò`û�ô���îjï4î�ö¿ùmë-ëVö`ï4ó�ævç�ô`ó�ëVæ4ò`ú)ëVìA�-å©î�ö`î��vî

Q
Jwæ
�gJwæ

Q
�?î
�

�vî
Q
Jwæ	ù�öZï	ó�î«õ�ö`íVî�ñ	æ	ó�òoò`î�÷
ëVæ·ï	î�ö�ù�öoó�ò�ôRç
ì#ì�òoô`ö�� !�ô��	ö`ñ)î�ò�ô�ó�å©å��	æ4í�÷
ëVæ�ÿ��

Q
J-ævùOöh���%�Oö��4æ	ï	î

íVî�ì�î�í
ôQ	
�«ó�î�ò ì�ó#î�í
ô:ævç
é4î+�
ï	ç�ï	ó�î�!
ëVöoö`î�òoú�ë
æ	ï	ó�î�ö`î�æ	ï	î�æ�é	ë
å9ëVì#î�ú4ô`ó�òoèRé	î�æ�*�î�ö`ñ	ó#æ	ï �	æ	í
î�æ�ç
ævç�ì�ëVíVî
J-ô`ö�� !�ô��	ö`î�æ�ç+�4êi�Zî�ó#ò`î�æ�	jJwëVå©ó#ô�ò`ë
ì�ì#ô`î�æ·ï	ó#î�ö`î�ò#�	ì#ô`ó�î�ö`î�æ4ï	î�æ%k�ó�öoô�ü0��ç
òoô�ül*�î�ö`ñ	ó#æ	ï �	æ	í
î�æ·íVì#î�ó�èRé4î
J-ô`ö�� !�ô��	ö`î�æ+ñ �&�/	7)
�	ò�ç
å©å©î�æ	òoî�ô����	æ	íVî�æm��î�ó#íVî�æ�	WeZî�ó�ï	î�öOð«æ	í�ç�ñ�î�ï	î�ö8�vëVöoå9î�ì�æS���4ö`ï	î�æ+ï	ó#î
ç
å ñ�î�òoô�î�æ�å©ó#ô�ï	î�ö��;EUF¦üHðmævç
ìA�-òoîP.4ñ�î�ö`î�ó#æ	òoô`ó�å©å9î�æ	ï	î�æ�õ�öoíVî�ñ	æ4ó�ò`òoî�æ	ë
ô�ó#î�ö�ôQ	



n6o pWqsr�tOu1vBwPxzyL{-|W}
~�vS{7v�xI�(vTus�WvT�
|-�j~Qv�x��Q|7����|-�W�

�h� � q`pWqsr��L���g���#����������� ���]�j��� � �������G�#������� � �P�D�A�] 
3 ¡£¢h¤d¥K¢;¦3§ 6 ¨K©�ª �

3 « � ¢h¬ � �"�D�"���(­P®+�0�����
¥ A � �A�

Q § �������#��¯+� � ��� ���%°������"��� � �"� �6���
±

²´³¶µ�·�µ¸�¹ ²#º�»´¼½µ ¾L¿´Àzµ�Á ¹ ³¶² ÂhÃQÄ0·�Å-µ�³¶² Æ µ�³Ç»ÈµÉ`Ê
A
Æ ¹ Ë¶ÌÎÍ µ

3

Æ ¹TÏ
3

É`Ê Ì É Â Ï
6 Ð Ñ4Ò�Ó+Ô;Ò�Õ3Ó É`Ö ÂÆ ¹

A
É`Ê

q Ñ4Ò�Ó+Ô;Ò�Õ3Ó É`Ö ÂÉ`Ê
A
Æ ¹�× ¿

q Ô;Ò�ÕÉ`Ê
B
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Ã�Ò�Óa·%¶�º8¶�ÁfÊ}Ë�ÌtÍ+ÎÐÏ�Ña¾$ÆÉ¶
À%¾$Ô�¹W¶�¹/µ
Ô�ÆÖÕn¶
·%º�×�·%¶�À?Ø6Ù�Á+Ú�Á�Û`×�¹Q¾�Ã�ÂÝÜ�Þ

B
Ò�Þ

B
ÒßÞ�àCá�â�ã�ä�ÏQå ³ ã�å�âOÏ}Óa·�Ät¶�Ã�µ
æ�Ï ³ ã�ç�ã<å ´ ã<å�ä�ã�Þ�å�ã�Þ ³ Ï�½�¶�è�¾$æEè�¾�Ï

å�ã<å�é�ÏGÂ�·9¾�µE¾�ÏGÄ�·%¼�Û�¼�À%æ4Üëê�Ò�ê�Ò�ê�à%½�¶�è�¾$¼
æ$ºW¾$Ã?Ò�Ó1¾$½�¶
Álì/·%Á�ÂíÃ�¾$¼Q½�Ø6æ�À�¸�¶
Ã�Â Â�¶�Á+î�Ä�¶
Á8º�·%¼Q½�¹WÀ�·%¼Q½�ï�¶
·<¹lìk¶�¸�¶
Ã
Â�·�¶ðÚ�Ô�Á8µ�Ø6æ�Á8Æ¿ñ$¶
Á\ìk¶�Ã�Â�¶�¹
Ò
Í�Ô�ºòØ6Á8Ù�½�¶
Á8¶�Ã Ë�Ã�¹W¶�Á8º�Ô�¼Q½�Ô�Ã�¸�¶�Ã ìn¶
·%º�ºóÆô¾�Ã?ãÅÂ4¾�º8ºòÄ�¶�ñ$æ�Á8µ�Ô�¸$¹3ï�¾�¹W·�æ�Ã�·�º8¼Q½�¶Öõðö$º\¹W¶¿ì/·�¶
Ü�Îkæ�Îk×

2
à +[23] ã°Üë÷�¶EÎk×

2
à + ã�øz¹

4
Ñ +[24] ¶�¹8¼$Ò�·%ÃíÂ�·%¶ð×�æ�À�Û`ÆÉ¶
Á�¶
ÃùÕk¶
Á�À%·%Ã�¶
Á8Ä�À9¾$Ô�Ï�úû·%Á�º�¹Wº�¸�·�¹�¹W¶�Ák¶
·�Ã�¸�¶IÏ

À%¾$¸�¶
Á\¹nìn¶
Á�Â�¶
Ã ï�ü�Ã�Ã�¶�Ã?Ò�Óa·�¶1Ñ+¶
·%¸$Ô�Ã�¸ýÂ�¶
ÁlÚ�Á�Û`×�¹W¾$Ã�Â�¶�Ã?ã�ÆÉ·�¹nÚð¾�¹8·%æ�Ã�¶�Ã)ñ$æ�Ál¾$À�À%¶
ÆþÂ�¶
Á7Í�À%ï�¾$À�·<Ï
Ô�Ã�ÂÿøzÁ�Â4¾$À%ï�¾$À�·%ÆÉ¶�¹W¾$À%À�¶�ï�¾�¹W·�æ�Ã�·%º�¼Q½�¶§Ú+æ�Æ)×�À%¶�è�·�æ�Ã�¶
ÃÅµ
Ô»Ä�·�À%Â�¶�Ã?ã(Æ)¾$¼Q½�¹�Â�·�¶
º8¶§º�æ^·%Ã�¹W¶�Á8¶�º8ºW¾�Ã�¹
Ò
øzºgº�¹8¶
À%À<¹W¶Ýº�·%¼Q½h½�·�¶
ÁcÂ�·�¶ ÷4ÁW¾$¸�¶�ãaæ�Ä ¾$Ô�¼Q½ Úð¾�¹8·%æ�Ã�¶
Ã ÆÉ·�¹c¸$Á8æ � ¶�ÃhÁWö$Ô�ÆÉÀ%·�¼Q½�¶
Ã ÍaÔ�º�Æô¾ � ¶
Ã
ì/·�¶ôµ
Ô�Æ Õk¶�·%º8×�·%¶
ÀÐÂ4¾$º�ÚL¾�À%·%Ô�Æ"Ï�ÚðÁ\Û`×�¹Q¾�¹�� ¢����°£E¦�£	�<�?���?�%��
 · � ·�ÃÝÂ4¾$º super Ï�Õk¶
Á�À%·%Ã�¶
Á8Ä�À9¾$Ô�Ï
úû·�Á8º�¹8º8¸�·<¹8¹8¶
Á ¶
·�Ã�¸�¶
À%¾$¸�¶�Á�¹ ìk¶�Á8Â�¶�Ã ï$ü�Ã�Ã�¶
Ã?Ò+Ço¶
Á�º8Ô�¼Q½�¶Ýñ$æ�Ã ÕkÁ�·%Æ)¾$½ Æ)·<¹ Â�¶
Ã Ä�¶
·�Â�¶
Ã ¾$Ô�¼Q½
½�·�¶
Á ¶�·%Ã�¸$¶
º8¶�¹Wµ�¹W¶
Ã Ú�Á�Û`×�¹W¾$Ã�Â�¶�Ã ¾�Ã ÎkÔ
�ZÊ��GÏ}Ì­æ$À�Û`Æ)¶�Á8¶�Ã À%·%¶�º8º�¶
Ãû¶
·�Ã�¶c¸�¶�ì/·%º8º�¶cúÅ¶�º8¶�À�ì/·%Á�ï�Ô�Ã�¸
µ�ì/·%º8¼Q½�¶
ÃiÂ�·%¶
º�¶
Ã ñ�¶�Á8Æ�Ô�¹8¶
Ã?Ò

�V���?���4��� ���
B � ®�� � ® B ���»±°®­¯����

B � ® � ¢

Óa·�¶^Æ)·<¹ Â�¶�Æ ¶�·%Ã�¸�¶�º8¶�¹Wµ�¹8¶
Ã õL¾�º�¹ B �CÚ�Á\Û�×�¹Q¾$Ã�Â Ü�Þ
B. Þ B. Þ�à�� ¾$À�º§ÕkÔ�À�ïÿ¶�Á8½4¾$À<¹W¶�Ã�¶
Ã Ço¶
Á�Ä�·%Ã`Ï

Â�Ô�Ã�¸�¶
ÃÅÎkæ B � ÃÅÔ�Ã�Â � Ã B Îkæíì/Ô�Á8Â�¶�ÃÝ¾$Ã�Â�¶
Á���Ô�Ø ¹ð¸�¶�¹WÁ�æ�¼Qï�Ã�¶�¹EÒVÍaÃ�º�¼Q½�À%·�¶ � ¶�Ã�Âgì/Ô�Á8Â�¶�ÃÅÊ��7Ï
� ×�¶
ï�¹8Á8¶
Ã�ã��/ü�Ã�¹W¸$¶
Ã�×�Ô�À�ñ�¶�Á8Â�·! �Á8¾$ï�¹Wæ�¸$ÁW¾$ÆÉÆ)¶)Ô�Ã�Â øoÀ�¶
ÆÉ¶
Ã�¹Q¾�ÁW¾$Ã4¾�À�Û`º8¶�Ãÿ¾�Ã�¸�¶�Ø6¶�Á�¹8·%¸$¹
ÒAÓa·�¶ùøzÁ}Ï
¸�¶�Ä�Ã�·�º8º8¶§Â�¶
ÁÉøzÀ%¶
ÆÉ¶
Ã�¹W¾$ÁW¾$Ã�¾$À�Û`º8¶�ÃÝì7¾�Á�Ø6Ù�Á"¾$À%À�¶ôÂ�Á�¶
·kÇo¶�Á8Ä�·�Ã�Â�Ô�Ã�¸�¶
Ã���Îkæ B � Ã?ã � Ã B ÎkægÔ�Ã�Â
Îkæ B � Ã4Ú�Á"�AÔ�Ã�¹W¶�Á8º�¼Q½�·%¶�Â�À%·�¼Q½?Ò�Ó1¾$¸�¶�¸�¶
Ã)º8·�Ã�Â"Â�·%¶/¼Q½4¾$Á8¾$ï�¹W¶�Á8·�º�¹W·�º8¼Q½�¶�Ã � ¼Q½�ì/·�Ã�¸�Ô�Ã�¸$º8Ä4¾$Ã�Â�¶
Ã)Â�¶
º
Ú�Á�Û`×�¹W¾$Ã�Â�¶�Ã Ü�Þ

B. Þ B. Þ�à/·�Ã ¾�À%À%¶�Ã»Â�Á8¶�·/Ê��lÏ � ×t¶�ï�¹WÁ8¶�Ã µ�Ô$#4Ã�Â�¶
Ã%� ñ`¸�À�ÒAÍ�Ä�Ä?Ò ³ Ò�Þ&��Ò(ÍaÄ�Ä�·�À%Â�Ô�Ã�¸
³ Ò ´ µ
¶
·�¸$¹o¶
·�Ã�¶
ÃÉÇo¶
Á�¸�À%¶�·%¼Q½"Â�¶
ÁnÌzÔ�À�ñ$¶
Á�Â�·' tÁW¾$ï�¹8æ�¸�ÁW¾�Æ)ÆÉ¶$Ò$÷(Ù�ÁoÂ4¾$ºnÌzÔ�À�ñ$¶
Á8Â�·' tÁW¾$ï�¹Wæ$¸�ÁW¾$ÆÉÆ ñ$æ�Ã
Îkæ B � Ã4Ú�Á(�Z·�ÃûÕk·%À�Â ¾$À%º ²�ª*)Åª`¨E¨�ª�® Ät¶�µ
¶
·�¼Q½�Ã�¶�¹+�ôì/Ô�Á8Â�¶
Ã øz·%Ã�ï�Á8·�º�¹W¾$À%À�¶iÂ�·�¶
º8¶�Á Ço¶
Á�Ä�·%Ã�¸$Ô�Ã�¸
×�Ô�À�ñ�¶�Á8·�º8·%¶�Á�¹
ã�¾$Ô�Ø�¶
·%Ã�¶
Ã � ·%À�·%¼�·%Ô�ÆÉ¶
·�Ã�ï�Á8·%º\¹Q¾$À�À�¹8ÁWö$¸�¶�Á�¸�¶
Ä�ÁW¾$¼Q½�¹ÐÔ�Ã�ÂÉñ�¶
Á�Æ)¶�º8º�¶
Ã,�6Â�·%¶/¾$Ô�ºÐÂ�¶
ÁÐÚ�Á8·<Ï
º\¹Q¾$À�À%º�¹8Á8Ô�ï�¹8Ô�Á8Ä�¶
º\¹W·%ÆÉÆ�Ô�Ã�¸«ñ�æ$ÃíÎkæ B � Ã4Ú�Ál¶�Á8½4¾$À<¹W¶�Ã�¶
Ã Óa¾�¹W¶�ÃíÂ�·%¶
Ã�¹8¶
Ã ¾$À�ºlõ�Á8Ô�Ã�Â�À9¾$¸�¶+Ø6Ù�Á7Â�·�¶
Õk¶�Á8¶�¼Q½�Ã�Ô�Ã�¸íÂ�¶
º�ÆÉ·�¹1Îkæ B � Ã�ÚðÁ ¨E �)g±.-C 6ª�¢�£ Ä�¶
µ�¶
·�¼Q½�Ã�¶�¹8¶ÉÓa·' tÁW¾�ï�¹8æ�¸�Á8¾$Æ)ÆÉº"�IÒ�Ó1¾$º�¸�¶�Æ)¶�º8º�¶�Ï
Ã�¶"Ó�·' tÁW¾$ï�¹Wæ$¸�ÁW¾$ÆÉÆ ì/·%¶�º�¶
Á�º�¹Q¾�Ô�Ã�À%·�¼Q½�¶
Á\ìk¶�·%º�¶�¶
½�¶�Áð¾$Ô�ØÐ¶
·�Ã�¶�¾$ÆÉæ�Á8×�½�¶ � ¹8Á8Ô�ï�¹WÔ�Á�½�·%Ã?Ò�Ó1¾$½�¶�Á
º�¼Q½�¶
·�Ã�¹­Â�·�¶
º8¶oÇo¶
Á�Ä�·%Ã�Â�Ô�Ã�¸+¶�è`¹WÁ�¶
Æh¶
ÆÉ×�#4Ã�Â�À%·�¼Q½L¸$¶
¸�¶�Ã`Ù�Ät¶�Á°úÅ¾$º8º�¶
Á\ñ�¶
Á�À%Ô�º\¹W¶�Ã�µ
ÔLº8¶
·�Ã?ã�ìk¶�º8½4¾�À%Ä
Â�·�¶0/­Á�æ�¼Qï�Ã�Ô�Ã�¸ô¾$Ã1��Ô�Ø ¹/ñ�¶
Á�Æ�Ô�¹8À%·%¼Q½ º�¼Q½�æ�Ãiµ�Ô�Á32�¶
Á�º�¹Wü$Á8Ô�Ã�¸"Â�¶�ºaÚ�Á�·%º�¹W¾$À%À�¸�·�¹�¹W¶�Á8ºoØ6Ù�½�Á�¹8¶$Ò
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R IOI�6K5
6'7TSTU�V	W�XZY\[>]_^a`b[>ced�[>`gfh[>`Fi�jkcldlm�cln&[>cporq
B
XZcTstXZc

B
orqumlc�d,orq

B
XZclvw`xjkyzfh[{`Fn&|'[>j'}"~

y�j'^�dl[{y�XZY\[>]_^a`bmly�dl[{���w����^a[>�
B �

R IOI�6K5
6'�TS�����`b�b^F[>|k|'mlcln�dl[>`�[@�ZY�[{`Fj'y�[{cH^F[>|'|�[{`Fy�j'^F^F[>|!^a[>c�Vg�&c_^an&[{clYlml|!�&[>`bdlj'��`a��]H^Fq&n&`F��y�y�[
�&q�c�orq

B
X*cTs	X*c

B
orq�mlcld�orq

B
XZcDv0`u�bq��gjk[1dl[>����ml��v0`Fjk��^"��|'|kdD��^a[>c�i\[>`b[>}"~lcl[+W
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B
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¡'¢T¡�´D¡'¢ µ�¶
B · ®O¸1¥ [(Me3Sn)2Co(CN)6]

−[Co(CN)6]
3−2[C26H38N2O6]

2+ · 12H2O

¹3º�»"¼�»>º�½l¾@¿rÀ{Á
Â�Ã*»"¼lÀ>Ä1ÅlÁkÆ'ÇlÀ{ÈFÀ>ÄÊÉFÁ'»"¼BË�º�ÌFÅlÆ'Ã&ÉFÀ�ÍlÎHÏDº�ÇlÀ{ÌbËÑÐ&ÌbÒ�Á'Ó&À0Ô0ÌFÁ'ÉbÈaº�ÆkÆ'À�Í*ÇlÁkÀ0¾{ÏlÌxÕ*ÈaÌbÏlÖ_ÈaÏlÌ�×
Å\À>É�ÈaÁkÒ�Ò�ÏlÄ�Ó�Ó&À{À>Á'Ó&ÄlÀ{È�¿	º�ÌFÀ>Ät½OØÙÄÛÚ3ÅlÅlÁkÆ'ÇlÏlÄlÓ ² ½ ² Á'ÉbÈ�Ç�ÁkÀ�º�ÉbÜ*Ò�Ò�À@ÈaÌFÁ'ÉF»"¼lÀuÝÞÁkÄl¼lÀ{Á'È�ÇlÀ>Ì�ßhÀ>Ì�×
ÅlÁ'ÄlÇlÏlÄ�Ó�ÇDº�ÌbÓ&À>É�ÈaÀ{ÆkÆ'È>½�ÝÞÌb¿rº�ÌbÈFÏlÄlÓ&ÉbÓ&À>Ò�à�á�¼Dº�È�ÉFÁk»"¼�À>Á'ÄlÀ�ÂâÁ'ÌbÈ�×�ãwº�ÉbÈ�×äßhÀ>ÌbÅlÁkÄ�ÇlÏlÄlÓÊÒ�Á'ÈwÀ>Á'ÄlÀ>Ò
Ö�º�ÈFÁkÃ&ÄlÁ'ÉF»"¼lÀ{ÄÊãwº�ÉbÈrÓ&À>ÅlÁ'ÆkÇlÀ@Èå½*ÝÞÌFÉ�È"º�ÏlÄ�ÆkÁk»"¼�À>Ì�Â�À>Á'ÉFÀ�¿gÁ'ÌFÇ�ÇDº�É�Ôwº�ÈFÁkÃ&Ä0æbÀ>ÇlÃ*»"¼çÄlÁ'»"¼HÈ	ÇlÏlÌF»"¼BÇlº�É
À{Ìb¿rº�ÌbÈFÀ{ÈaÀ3Ôwº�ÆkÁ'ÏlÒè×�Ô0ÌbÜ*é�Èaº�ÈåÍJÉFÃ�ÄlÇlÀ>ÌbÄuÇlÏ�ÌF»"¼�ÇlÀ>Ä�¾{¿�À>Á!Ë�º�»"¼uélÌbÃ�ÈaÃ�ÄlÁkÀ{ÌbÈaÀ{Ä�ã�º�É�È

B
ÇDº�ÌFÓ�À>ÉbÈFÀ>Æ'Æ'Èå½

ÝÞÉu¼lº�ÈuÉbÁk»"¼êÇ�ÏlÌF»"¼�ëÞÌbÃ�ÈaÃ&Ä�ÁkÀ>ÌbÏlÄlÓ(ÇlÀ>Ì�Å�À{ÁkÇlÀ{Ä�Õ*ÈFÁk»"ÖHÉbÈFÃ�ìtº�ÈaÃ&Ò�Àîí�¹�ï�Í�¹�ð&ñèÀ>ÁkÄ�ÅlÁk»@Ü*»>ÆkÁ'ÉF»"¼lÀ{É
Ú3Ò�Ò�Ã&ÄlÁ'ÏlÒò×äØÙÃ&ÄwÓ&À>Å�ÁkÆkÇ�À{ÈåÍ�Á'ÄóÇlÀ{ÉFÉbÀ>Ä�ô3Ã&¼�ÆkÌaº�ÏlÒõÉFÁ'»"¼�À>Á'ÄóÂöº�ÉFÉFÀ{ÌFÒ�Ã&ÆkÀ{ÖH÷lÆTí�ô�ïJð*ï&Í�øèï�ðZÍ�ô�ïJð&ð�ñ
À{ÁkÄlÓ&À{Æ�º�Ó�À>ÌbÈ.¼Dº�Èå½JØÙÄ�ÇlÀ{Ìùº�É�ÜZÒ�Ò�À{ÈaÌbÁkÉb»"¼lÀ>ÄèÝÞÁ'Äl¼lÀ>Á!È.Å�À@úDÄlÇlÀ{ÄèÉFÁk»"¼ó¾{¿�À>Á�Ï�ÄHÈFÀ>ÌbÉF»"¼lÁ'À>ÇlÆ'Ák»"¼�Ö�ÃZÃ&ÌbÇlÁ!×

û ­.­�¡K .¡ü 
ýTþ º�ÌFÉ�ÈaÀ>Æ'ÆkÏlÄ�Ó�ÇlÀ>Ìùº�ÉbÜ*Ò�Ò�À@ÈaÌFÁ'ÉF»"¼lÀ{ÄòÝÞÁkÄl¼lÀ{Á'È.ÿ&Ã&Ä��rÃ
B
ÕZÄDÔ0Ì{Í_ÕZ»"¼_¿gÁkÄ�Ó&ÏlÄlÓ&ÉbÀ>Æ'ÆkÁké�ÉFÃ&Áü×

Ç�À�Ò�Á'È ³���� Ú3Ï�ËÑÀ>Ä_Èa¼lº�Æ'ÈFÉb¿rº�ÌFÉb»"¼lÀ>Á'ÄlÆkÁ'»"¼lÖ�À{Á'Èå½

ÄlÁ'À>Ì�ÈaÀ��rÃ�×ÙÚ	ÈaÃ�Ò�À�Í�Ç�ÁkÀrÖHÌbÁkÉbÈaº�ÆkÆ'Ã&Ó&ÌFº�él¼lÁ'ÉF»"¼�ÏlÄ_ÈaÀ>ÌbÉF»"¼lÀ{ÁkÇlÅlº�ÌÞÉFÁ'ÄlÇT½ þ º�É��rÃlï@×ÙÚ	ÈaÃ�ÒõÁkÉbÈKÉFÀ{»"¼lÉbË�º�»"¼
ÿ�Ã&Ä���Ü_º�ÄlÃ�×�ã0ÌFÏlélé\À>Ä,Ö�ÃZÃ&ÌbÇlÁkÄ�ÁkÀ>Ì�Èå½
	�¿rÀ{ÁKÿ&Ã&Ä,ÇlÁ'À>ÉbÀ>ÄîãwÌbÏlélé\À>ÄpÉFÁ'ÄlÇpÈaÀ{ÌFÒ�ÁkÄDº�Æ�½ þ ÁkÀòº�Ä�ÇlÀ>ÌbÀ>Ä
ÿ*ÁkÀ{Ì���Ü&º�ÄlÃ�×�ãwÌbÏlélé\À>ÄèÉFÁ'ÄlÇó¿�À>Á!ÈaÀ>ÌK÷lÅ�À{Ì
�.ÌFÁ'Ò�À@Èa¼_Ü*Æk¾>Á'ÄlÄZ×�ãwÌbÏlélé\À>ÄóÓ�À>ÅlÏlÄ�ÇlÀ>Äè¿�À>Æk»"¼�ÀrÈaÌbÁkÓ&Ã&Älº�Æ!×
ÅlÁ'é_ÜZÌFº�Ò�ÁkÇDº�ÆOÖ�Ã*Ã&ÌFÇ�ÁkÄlÁ'À>ÌbÈwÉbÁkÄlÇt½ þ º�É��rÃHðJ×äÚ	ÈaÃ&Ò Á'ÉbÈwÀ{Å�À{Ä�Ë�º�ÆkÆ'É0ÉFÀ{»"¼lÉbË�º�»"¼îÖ�Ã*Ã&ÌFÇlÁ'ÄlÁkÀ{ÌbÈ>Ít¿rÃ�Å�À{Á
ÇlÁ'À>ÉbÀ>Éèº�Ï�ÉFÉF»"¼�ÆkÁkÀ{á&ÆkÁ'»"¼�ÈFÀ>ÌFÒ�ÁkÄlº�ÆkÀ���Ü_º�ÄlÃ�×�ã0ÌFÏ�élé�À{ÄÛÅ�À{ÉFÁ!Èa¾{È>½ þ ÁkÀu¾{ÏlÒ ßhÀ>ÌFÓ�ÆkÀ>Á'»"¼öÅ\À{ÈaÌFº�»"¼_ÈaÀ@ÈaÀ
¼lÃ�Ò�Ã&Æ'À>é�ÈFÁkÉb»"¼lÀ�ßhÀ>ÌbÅlÁkÄ�ÇlÏlÄlÓ

[(Me3Sn)3Co(CN)6]
ÅlÁkÆ'ÇlÀ{È	À>ÁkÄBÇ�ÌFÀ>Á'ÇlÁkÒ�À>Ä�ÉFÁkÃ�ÄDº�ÆkÀ{É�ã0Á'ÈbÈaÀ>Ìrº�ÏlÉ{½

þ Á'À>ÉbÀ>É�ãwÁ!ÈFÈFÀ>ÌKÁ'ÉbÈÞÁ'Ä��rÁkÆ'Ç ² ½ ³ í�º&ñOÇDº�ÌbÓ&À>É�ÈaÀ>Æ'Æ'È>½&ÝÞÄ_ÈFËÑÀ>ÌbÄ_È�Ò�º�ÄóËÑÃ�ÌFÒ�º�Æ�À{ÁkÄ
(Me3Sn)+ ×��DÌaº�Ó�Ò�À{ÄHÈ
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2
G z -�&'�/U
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[(Me3Sn)4Ru(CN)6 · 2H2O · 3

2
(C6H4N2)]

®�¯ °Z±I°V¯�²j³�´/°Z±<³�µX¶�°Z±.´3·a¸5¶*·.·�¹#´3·XºQ¯ »=¼.½�¶*³=´}¾b¿�·.¸
»�¿�³=¹#¯ ½�½�´\¿�³=¶*½�¿�´/»=¹�À.·.ÁI´/¿�·<´�Â
¹#»�À<¸
¹�À.»�¼,´/³�¹#¿�Ã}Ä
Ã\À.·.Å4Á.À.»�°Z±<Å*´3ºgÆ.±<»=¹vÇ_´/»�Á<´/·|²bÈ�¼.¼.¿�½�Á.À.·.Å4É.²�ÊVË�Ì/´/¿�Å ¹\Á<¿�´�¯ ³�Í�ÃtÃ+´3¹�»�¿�³=°Z±.´�¾b¿�·<±.´/¿"¹\Á.´3»v·.´/À�Ä
´/·yÎ�´/»=¼.¿�·<Á.À.·.Å.²;Ï�¯ ³+Ð7À�ÄPÈL¹#¶ ÃÑ¹#»�Ò Å ¹v¿�ÃÔÓ7·
¹�´/»=³�°Z±.¿�´/Á�Ì3À.Ã�±<¶*Ãt¶ ½�´/Õ�¹#¿�³=°Z±.´/·ÖÐ
À�Ä�×§¶*½�Í�Ã+´/»
Ì3Ç_´/¿

cis
ÄR¶*»�¿�´/·�¹#¿�´/»�¹#´{Ø_Í�¯ ·.¶9Ä�Ùj¿�Å�¯5·.Á.´/·ÚÃ+¿�¹�Â�·ªÛG´

3 Ü'Ý 2

Ä�¾b¿�·.±.´/¿"¹#´3·|Þ,ß ¶*·ÚÁ.´3·.´/·S´/¿�·.´/»�ºg´/±.½�Å*´]Ä
¶*»�Á<·.´3¹}¿�³=¹V²?µ�¿�´G¯ À.°Z±Ö¿�ÃÑ±.¶*Ã+¶*½�´3Õ<¹#¿�³�°Z±.´3·àÐ
À�ÄP×?¶*½"Í�Ã+´/»{¸ ¶*Ã+Ã{¹}´/³}Ì3À.»}È�À.³=¼.¿�½�Á.À.·.ÅS´/¿�·.´/»
È�áâÄ�Â�°Z±.¿�°Z±
¹�³=¹�»�À.¸�¹#À<»/²�Ï�´/»wã�À.³�¯ ÃtÃ+´/·<±�¯ ½�¹;¿�·.·.´3»�±�¯5½�¼}Á.¿�´3³�´3»âºg´3³=¹#Å ´/¼.À.·<Á.´/·.´3·1Â�°Z±.¿�°Z±�¹#´/·ÚäQ³�¿�´]Ä

å ¢?¢â�¤���Qæ�ç|è È�³�Í�Ã+Ã+´3¹#»=¿�³=°Z±.´K¾�¿�·.±.´3¿�¹�ß*¶ ·aé�äAÛe´
3

Â�·ªê
4

Ð7À�äJØL®�ê
6·

� Ý 2 Ü ·32 äJØ
6 Ý 4

®
2

ê�ëJ²

±.´7È�¼.¼|²
É.² � Ê£ê;´3»=ºg¶*½�Å ¹â¯ À.³=°Z±.½�¿�´/ì*½�¿�°Z±}Æ.¼,´/»wØL®
Ä�Â�·�Ä�®�ØâÄ�áw»=Æ.°Z¸ ´3·Iägß�Å*½A²�í?¯ ¼|²
É.²"Ê£îB¯ À<ºjÂ�´/¿"¹#´�î�Ê*Þ
íâÍ�ÕÚï�êE²�áw´3¿¤Á.´3»�Î�´3»�¸
Æ.Õ<ºgÀ.·<Å�Á.´/»BÂ�°Z±.¿�°Z±�¹#´3·ÚÀ.·�¹#´3»�´/¿�·�¯ ·.Á<´/»�À.·�¹�´/»�³=°Z±.´/¿�Á.´3¹BÃt¯ ·eÌ3Ç_´/¿bð;Ò5½�½�´5ñ
ã�À.Ãò´/¿�·<´/·�ß*´3»�¸
·
Æ.Õ<ºó¹7´/¿�·�ºg´/±.½�Å*´/¶*»=Á.·.´]¹#´/³�É9Ä�×;Í�»�¿�Á<¿�·.·.¿"¹#»=¿�½�°/Õ�Í A Ì3Ç_´/¿j´3¼h´3·<ºQ¯ ½�½�³wºg´3±.½�Å*´3¶*»�Á<·.´]Ä
¹#´�Â�·ªÛe´

3 ÜBÝ 2

Ä�ô'»�À<Õ.Õh´3·qÌ3Ç_´/¿�´/»\¼,´/·.¯ °Z±
¼�¯ »=¹�´/»}Â�°Z±.¿�°Z±�¹#´3·õäQÈ�Þöá�êE²;ã�À<ÃÑ¯5·.Á.´/»=´/·qß ´/»�¼<¿�·.Á.´3·
½�¶*¸9¯ ½�¿�³=¿�´/»�¹#´�äQ°3Õ�Í B ê=® · · · Ý Ä Ü äAÂ�· ·· êPÄ Ý · · · ®\äQ°3Õ�Í B êPÄAµq¯5³�³�´3»�³�¹#¶ ÷h¼.»�Æ<°Z¸ ´/·eÌ3Ç_´/¿j·.¿�°Z±�¹Lºg´/±.½�Å*´/¶ »�Á�Ä
·.´3¹�´1Â�·ªÛG´

3 Ü'Ý 2

ÄP¾�¿�·.±.´3¿�¹#´3·qÌ3Ç_´/¿�´/»vÅ*½�´/¿�°Z±.´/»\Â�°Z±.¿�°Z±�¹�´/·øäQÈ�ÞùÈ�¶�Á.´3»vá�Þùá�ê]ú?Á�¯ ¼,´/¿w¸5¶*Ã+Ã{¹\´3³
Ì/À.»7È�À<³�¼.¿�½�Á.À.·<Åt´3¿�·.´3»7À<·.´/·.Á<½�¿�°Z±<´/·Sã�¿�°Z¸�Ì/¯ °Z¸*Ä�û'´3¹=¹#´5Þ,¿�·.·.´3»�±�¯ ½�¼GÇ_´/½�°Z±.´/»bü=´/Á.´3³�µa¯ ³�³=´/»=Ãt¶*½�´]Ä
¸
Æ.½.´/¿�·.´ Ý Ä�áw»=Æ.°Z¸ ´
Ì/À<Ãý®�¿"¹#»=¿�½"ÄP®
ÄRÈL¹#¶*ÃþÀ<·.Á}´/¿�·<´ Ý Ä�á_»�Æ.°Z¸5´7Ì3À.Ãý×;Í�»�¿�Á<Í�½"ÄP®
ÄPÈL¹�¶*ÃÿÁ.´/³b°3Õ
Í B

´/¿�·.Å*´/±�¹Lägß�Å*½J²�È�¼.¼|²9É.²"Ê���êE²5Ï�¯ Ãt¿"¹�³�¿�·.Á\Á.¿�´â°3Õ�Í B Ûe¶*½�´/¸
Æ.½�´â´3¿�·KÇw´3³�´/·�¹�½�¿�°Z±<´/»báw´3³=¹#¯ ·.Á<¹�´/¿�½�´/¿�·.´/³
Á.»�´3¿�Á.¿�Ãt´3·.³�¿�¶*·�¯ ½�´/·�®7´3¹�Ì3Ç_´/»�¸
³3Þ,ÇwÒ ±.»=´/·.ÁeÁ.¿�´'°3Õ
Í A Ûe¶*½�´/¸
Æ.½�´B¯ ½�³�³=°Z±
Çw¯ °Z±4ß ´/»=¸�·
Æ.Õ�ºg´/·.Á.´3»
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* �"�+�,�"��-&.0/21436587:9<;>=?9<;A@CBED)F�G)HI=�J
[(Me3Sn)4Ru(CN)6 · 2H2O · 3

2
(C6H4N2)] K0L2M�NPO H�Q�QCH N H�RS O H N QC=�9<;A@UT M�NCV H�R V =?HXWYH�@Z;A[&F\5^] N�M�_�_ H�Ra`bR V H�R L =?R�R&5c1d@ZDbJeH�RfR�=�9<;�@gJh=�@PG)Hi5

j H�=?9<;>R�H�@ Klk =?HmGbH�Q�@ N =�9<;�H�F\@ZH�Ronp=�R�=?HPQ�@ZH�F?F\@dH�q:H�J _ F?` N =�QC9<; V =�H4rs`bQCQ�H N Q8@ZDbt O�N�u 9<vbH�R
j Tw=?QC9<;>H�R j T+H�=xG)F?H�=?9<;�H�Ry7&9<;�=?9<;A@ZH�R�z�;�=�H N 1I{|1U} V ` N�K&~ H�;�F?GbH�D N�V R�H�@CH�Re��H�=?F?H�T M�N 5
V H�RfR�D&9<;�Je`bF?Q+�)H N G)�)�)H N @P` O GbH O =�F V H�@ K

]g`bQ�@P`bR j M Q�H�;�H�R�QC=�R V0K�� H N G)F?H�=?9<;A@wJe`bR V =?H � H N�O =?R V�M R�G
[(Me3Sn)4Fe(CN)6 · H2O · 3

2
(bpy)]

[30] zE1 O�O0K���K��b� }�Jh=�@ V H Ns� H N�O =?R V>M R�G
[(Me3Sn)4Ru(CN)6 · 2H2O · 3

2
(C6H4N2)]

zE1 O�O2K
��K\��� }i{�Q�D�B�`bF?F�H�R V =?H��b;�R�F�=?9<;�H�R L =?9<v j `b9<v)5c�gH�@C@CH�R�` M B K r�=?H�` M 9<;�=?R�� M G

7:R�� N T+H N�V H�R
G)F�H�=�9<;�H�7:9<;�=�9<;A@ZH�R�z�1�{�1�D V H N 3P{�3�} u>O H N r�`bQ�QCH N Q�@CDbt O�NCu 9<v�H�R V H N 1 N @��d�w5^7:Rl�Xz �4}�� · ·
· �m �z�n�}8�4¡ · · · �¢z��m}��£7&R:5^�4�65�zE;�=?H N�¤ n¦¥ O�_ [�} j M QZ`bJhJeH�R�G)H�;�`bF�@CH�R K 1PR V H N Q+`bF?Q§=?Rh� M G

7:R�� N
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®�¯�°�±�²�³�´�°�±Cµ£¶�¯�·,®�¸"¹�º"¸"»l¶&¸

¼ ·�·6«,ª�«�¬�½p¾0¿mÀ6Á^Â:Ã<Ä�Å�Ã<Ä�Æ�ÇEÈ)É?ÊbËUÅ?Ì
[(Me3Sn)4Fe(CN)6 · H2O · 3

2
(bpy)].

Í Ë�ÎCÏ�Ë�ÌÐÅ�Ì
[(Me3Sn)4Fe(CN)6 ·H2O ·32(bpy)] Ñ Ë�Ì�Ò�Ã<Ä Ñ ÒbÎ�ÆCËsÂ&Ã<Ä�Å?Ã<ÄAÆZË�ÌÔÓE¿IÕ�À�ÖØ× Ñ Ë�ÎYÙdÚ�Á

Â:Ì:ÁcÚ¢Ó Ñ>Û�Ü Ö8ÚwÁ8Â&Ì:Á^Ú4Ù6Á^ÀÝÎ�×�Ã<ÞbË�Ìàß)Ë�Î Ñ�á Ì�Ï�Ë�Ì2â2ã4Å�Ëgä�åbÌ�Ê)ËUÏ�Ë�Îdæ�Ò�çCçCË�ÎCç8ÆZÈbè Ñ ÎC×>Ã<ÞbË�Ì¦ç�Å?Ì�Ïoç�È Í È)Ä�É
Å?Ì

[(Me3Sn)4Fe(CN)6 · H2O ·32(bpy)],
ÒbÉ?çwÒ á Ã<ÄfÅ?Ì

[(Me3Sn)4Ru(CN)6 · 2H2O · 3
2
C6H4N2]

é Å\ÆoË�Å�Ì�Ë�Îà¿ á ç�Ì�ÒbÄ é Ë�Ó êU©>ë · · · ÚPìAí�ß&Ê)É âwî,Ò Ñ âP©�â\ë�ï)Ö�Þ�×�ÎCð�Ë�Î¦Ò�É?çYÅ é Ä�È é È)É�Ë Û ÆCÅ?çCÃ<Ä>Ë�Ì�ñ á Á
ò È)É Ü é Ë�ÎUÓEß&Ê)É â>î�Ò Ñ â�í:âôó¢Ò á Ç,Â:Ë�Å\ÆZËgíbõ)Ö�â>öcÌoñ á G

Â:Ì�÷UÎ Ñ Ë�ø�Ì�Ï�Ë�Æùç�Å?Ã<Ä�Ì�Ë Ñ Ë�ÌYÏ>Å?Ë�ç�Ë�ÌàêPÁ^ú · · · Ú�Á
ÀÝÎC×>Ã<ÞbË�ÌhÌ�È&Ã<ÄXË�Å?Ì>ËdÞ á ÎCð�ËùÙ6Á^ú · · · ÚwÁ"À+ÎC×�Ã<Þ�ËbÕAð Í Å�çCÃ<Ä�Ë�ÌØúPìAïûÓ ò Ä�Ë�Ì Ü É Í Ò�çCçCË�ÎCç8ÆZÈbèlÁc¿dÆCÈ é Ö á Ì�Ï
Ú�ëü©eÓ Ù Ü ÒbÌ�Å�Ï:Á^Ú�Ác¿dÆCÈ é Ï�Ë�Î+Â:Ã<Ä�Å?Ã<ÄAÆ<Ö�â�ã4Å�ËPÀ+Å?Ì�Ï á Ì�Ê)çCÉ?åbÌ�Ê)Ë�Ì á Ì�ÏXæ�Å?Ì�Þ�Ë�É�Å?ÌXñ á G

Â:Ì�÷UÎ§ð�Ë�Å?Ê)Ë�Ì
ÞbË�Å?Ì�Ë¦¿ Ñ Í Ë�Å�Ã<Ä á Ì�Ê)Ë�ÌýßbÈ)Ì�Ï�Ë�Ì Ñ Å�çCÄ�Ë�Î�Ë�Î é Å�Æ�ÆZË�É�ÆZË�ÌþæÿË�Î8ÆZË�Ì�ÇE×�Îyç�È)É?Ã<Ä>Ëa÷PÈ&È)ÎCÏ�Å�Ì�Ò�ÆCÅ?È)Ì�ç8ß)Ë�Î8Á

Ñ Å?Ì>Ï á Ì�Ê)Ë�Ì0âpöcÌsî�Ò Ñ Ë�É�É?Ëû©�â\ë�ï�çCÅ?Ì>ÏÿË�Å?Ì�Å�Ê)ËXÀÝÅ?Ì>Ï á Ì�Ê)ç�É åbÌ>Ê)Ë�Ì á Ì�Ïaæ�Å?Ì�Þ�Ë�É§Ï�Å�Ë�çCË�Î � Ë�Î Ñ Å�Ì�Ï á Ì>Ê
Ò á ÇEÊ)Ë�ÇE×�Ä�Î8Æüâ
¿ Ñ�Ñ Å?É?Ï á Ì�ÊY©�âôí&ëØð�Ë�Å?ÊbÆ£Ë�Å?Ì�Ë�Ì�Ê)Ë�Ì�Ò á Ë�Î�Ë�Ì À+É?Å?Ã<ÞaÒ á Ç�Ï�Å�Ë��2Å�Ã<Þ&ð�ÒbÃ<Þ)Á8Â:Ã<Ä>Å?Ã<ÄAÆZË�Ì0â ¿ á Ã<Ä�Ä�Å?Ë�Î Ñ Ë�Á
ç�ÆCË�Ä�Ë�Ì Ï�Å?ËyÂ:Ã<Ä�Å?Ã<ÄAÆCË�Ì Í Å?Ë�Ï�Ë�ÎûÒ á ç�ßbË�ÎCÞ�Ì�× Û Ç ÆCË�Ì � Å�Ë�ÎCË�Ã<ÞbË�Ì Ó Í Å?ËeÏ�Å?Ë�ç¢çCÃ<Ä�ÈbÌ Å é Ä�È é È)É?Ë Û ÆZÅ Á
çCÃ<Ä�Ë�Ì ò ÈbÉ Ü é Ë�Îwð áfÑ Ë�È Ñ ÒbÃ<ÄAÆZË�ÌfÅ?ç8ÆiÖiÕ�Ï�Å?Ë£Ò á çPñ á Ác¿dÆCÈ é Ë�ÌYßbË�Î Ñ ÎC×�Ã<ÞAÆU× Ñ Ë�Î�Á^ÙdÚwÁ^Â:Ì��àË

3

Á^ÚmÙ6Á
� Å?Ì�Ä�Ë�Å�ÆCË�ÌXÒ á ÇEÊbË Ñ Ò á Æ§çCÅ?Ì>Ï0â � Ë�Î�Ê)É?Ë�Å?Ã<ÄAÆ é ÒbÌXÏ�Å?Ë�ãPÅ ÒbÊ)ÈbÌ�ÒbÉ?Ë�ÌXÒ�� ë)ë�ó
	 Û é á Ì>Ï Ñ � ë�ó�©�� Û é
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5 �6(7�8
���92:<;>=@?BA!?�CEDGFIH!JKCID"LNMIO!P�QKDSRUT6J$QVM
A!W!DSH!A6WYXZ?BA![
D�P\?BA
[(Me3Sn)4Ru(CN)6 · 2H2O

·3
2
C6H4N2].

R]Q_^I`aD RUT!JbQVMIA6W!Ddcfe!`hg R]QK^E`aD XZ?�A![ID"Pickjlg
m H<n"oqpUn�r sIr�sutwvyx�z�{ |&n�obpUn�r}o m H~n n)�I36tk4!x�z�{
p]3}o�|Uv nEn��!tks!x,4E{ pUn�r)oq|&n�ob�uA<n n)4E�utks!x�z�{
|�n"obpUn�r nEn)4utwzyx��'{ |�n��
oq�uA<n"o�|&n n)�E�utk�Es!xqn)sE{
|&n�ob�uA<n sIz�sut���x�z�{ |Uz}oq�uAyz}oq��n n)�unEtk4I3yxqn)sE{
|Uz)ob�uAyz sEsIr6twzyx�z�{ |��
oq�uA!�
oq���!n n)�Iz6tk4Iryxqn�z�{
�uA<n"oqpUnEn sIrE�6twvyx��'{ |Uv}oqp]3}obp]z n)�E�utw�yx,4E{
�2Ayz}ob��n s
�E�!tk�!x�z�{ pN��r)oq|��}ob�uA!� n�3I�!tk4!x�z�{

X�FIJ$JKD"�KJ$QK^I��T!�K�!�V[
D�A
R]Q_^I`aD ��oq�7�K�!�V[
D�A�cfe!`hg R]QK^E`aD XZ?�A![ID"Pickjlg

��n�R · · · |Uv sIrE4!x,z�{ ��n"o��&n�R · · · |�v n�3un'x,z�{
�&n�� · · · |U� s
��s!x,z�{ ��n"oq��n�� · · · |�� n�rEs!x�sE{
�Us
R · · · |Uv6n sIrIryx,z�{ ���!n"o���s
R · · · |�v6n n�3Ivyx,z�{
�Us
R · · · |Uv�s sIrI�yx�sE{ ���!n"o���s
R · · · |�v�s n)�
ryx��'{
�UsI� · · · ��n sun�3yx,z�{ ���!n"oq�UsI� · · · ��n n�3Es!x,z�{
�Uv�4 · · · |&n�� sE4
zyx�4E{ p]v�4)o��Uv�4 · · · |�n�� n�3Ivyx�4E{

� · · · |�o�RUT!JbQVFIA6WR]Q_^I`aD R�T!J$Q_FIA!W�c�e6`�g �iD"�KT!?�A!W!H!A6C
��n"oq|�v sIvE36tks!x,4E{
��n"oq|U� sE�Esutwryx��'{
���6n"oq|�v6n sIv�sutks!x�v�{ [(Me3Sn)4Ru(CN)6 · 2H2O · 3

2
C6H4N2]

���6n"oq|�v�s sI�6nEtk�!xbn�z�{
��n"oq|�v sE�Ir6tks!x�3�{
��n"oq|U� sE�Iz6t�n'x,4E{ [(Me3Sn)4Fe(CN)6 · H2O ·32(bpy)]

`�?�QdW!D�A!D"AZ?B` O!^E`�^EPBD"e6Q_?�JK�VO!D"A m Huo��*^EP��2`aD"�KD�xl�uCIP��¡ ¢FIT~�]�!��n�3�{aJ$^£OyFIT1D�AZJK?��VOGW6?BD�J$D¤A'H!�
CED"�K?�A!CI¥��!CE?�C�CED�MIA!W!D"�$Q��!�ND"QK�_FI�VO�Q_D�Q¦`dFIA¨§$D"W!^u�VO©W!?�D��uD�?�Q_D"A!PªMIA6CED�A�H!A6W«W!?�DUXZ?BA6[ID�P>W6D��]��?�D��qo
D"�V[ID�A~t6JK^¨[
F
A!Ad`aFIAdD"�K[
D�A!A!D"A<t6W!FIJKJ7JK?B�VOdWyFIJi��?BD"�KD"�V[�W6D��NO6^E`a^IPBD�euQ_?BJ$�VO!D�A��iD��$T!?BA!W6H!A!C&�I^EA
D"?BA!D"` ¬�H!FIW!�_F}Qd­"H®D�?�A!D�` �¢F
�_FIP�PBD�P�^ECE�KFI`a` x�^uW!D"� m FIH6QKD�{¯?BA°W!D����iD��KT6?BA!W!H6A!C m H

G
�uAy±��

D"A'Q�L�?��V[ID"P�Q�OyF
Q��



²E² ³�´�µ�¶�·�¸�¹�º�»�¼y½�¹�ºK¾�¿'¸)À¢·�Á.Â*Ã.Á.Ä�¿2Á

Å ¼!À¡´¢³�´�Æ2Ç>È�ÉZÊBË!Ì
Í�Î�Ï!Ë6ÐGÑ�Ò!Ó$Ô_ÕIË!Ð!Í¤Ê�Ö ×ÙØ$Ï!Ë!Ð!ÒyÚ
Ï!Ó$ÔKÍ�ÊBË2Û�Ü�Ê�Í�Ø$Í�ÝVÌßÞIàEËGá¦Ï
G â Ëyã�Ø�Ï!Ë!ÐZÐ!Í"Ø

ä àEÖ�àEÎBÍ"å6Ô_Ê�ÓKÝ ä Í"Ë©ÜiÍ"ØKÒ!Ê�Ë!Ð!Ï!Ë6æèçlÞuæIÎ�é6Ñ�Ò!Ò<é�êuéwëhÚIÏ6ì â Í�Ê�Ô_Í�êuíÙÏ!Ë!Ð\ÑUÒ6Ò<éyî!ékêuí)ï�é
ÜiÍ"ØKÒ!Ê�Ë!Ð!Ï!Ë6æ ÉZÊ�Ë!ÌIÍ"Îiðkñlò â Í"Ê�Ô_Í"Ë!ÎªÕ
Ë!æEÍ�Ý�ðfå!Ö�ò óUÊBÚIæEàEËyÚ
ÎBÍ�Ëôðfå!Öhò

ä àIÖaàEÎ,é6á�ÏuÛ�õ*àEÎ�öuÖ�Í�Ø
α ÷ γ øIù6÷kø ëyçbí�î�ï í ù î ø6÷kúIø ç ø ï ÚaûüíIí ú î ÷ îEî
β ÷ δ ë øu÷kù ê6çbí�î'ï ç�ì�ý!Ø¦ÚIÎ�ÎBÍ�Þ2Ê�Í�Ø â Í�Ê�Ô_Í"Ë\æIÎBÍ�Ê�Ý ä ï Òþûüí ú î ù6÷wÿ�ú
α

ëE² ÷ ²E²
β ø ê ÷ êuí Ý¨û í ù�úIùu÷kø Ú�ûüíIí úIù6÷wùá¦Ï

G â Ë!ãÙØ δ øEÿu÷ î ÿ Ð«û í ùEÿEÿu÷kø Òþûüí ú î ø6÷ î
γ

ëE² ÷ í ù

� À*À¡´¢³�´�µ>ÆyÈ��NÎBÊ�ÝVÌ�ÚIÏuì<Ð!Ê�Í¦æIÍ��7Í�ÎBÎ�Ô_Í"Ë â Ý ä ÊBÝ ä Ô_Í"Ë�ÊBÖ [(Me3Sn)4Ru(CN)6 · 2H2O · 3
2
C6H4N2],ÚIÏ6ì�æEÍ"ÒyÚIÏ6Ô�ÚIÏ!Ódá¦ÏuÛ�Ñ]Ô_àEÖ�Í�Ë ÷ Ð6ÊBÍ\ý!Ò�Í"ØaÛ��	� Û â Ë�
«Í 3 Û��
�¡Û��@Ê�Ë ä Í�Ê�Ô_Í"ËßÞEÍ"ØKÒ!Ø$ý!ÝVÌ�Ô

ÓKÊ�Ë!Ð<é â Ý ä Ê�Ý ä ÔUÑ ÎBÊ�Í�æIÔ]ÊBÖYÜiàEØ$Ð!Í�Ø$æEØKÏ6Ë!Ð«Ï6Ë!Ð â Ý ä ÊBÝ ä Ô
� ÷ ÓKÝ ä Ú
Ô$Ô_Ê�Í�Ø$Ô¦ÐyÚ
ØKæEÍ"Ó$Ô_Í"ÎBÎ�Ô ÷ÎBÊ�Í�æIÔ¢ÐyÚ ä Ê�Ë'ÔKÍ�Ø"é�óUÊBÍ�
\Í"Ô ä ö2Î�Ûq×ÙØ$Ï!å!å1Í�Ë�ÚIËhÐ!Í"Ë��~Ê�Ë!ËuÛ�Ñ]Ô_àEÖ�Í�Ë���Ï6ØKÐ!Í"ËaË!Ê�Ý ä Ô7Ð!ÚIØbÛ
æEÍ�ÓbÔ_Í"ÎBÎ�Ô�é

α
û ëE² ÷ ²E²�ñ ÷ β

û ø ê ÷ êuí)ñ ÷ γ
û ëE² ÷ í ù ñ�Ï!Ë6Ð δ

û øEÿu÷ î ÿ ñbé�óUÊ�Í�óUÊBÚIæEàEËyÚ
ÎBÍ�ËÒ�Í�Ô_ØKÚIæEÍ�Ë&Ú�û íEí úIùu÷kù å!ÖSÏ6Ë!Ð¨Ò¨û í ú î ø6÷ î�å!Ö\é�óUÊ�Í â Í�Ê�Ô_Í�Ë6ÎªÕIË!æIÍ�ËÙÝ]ûGí ù�úIù6÷wø å!ÖÏ!Ë!Ð\Ðèû í ùEÿEÿu÷kø å!Ö\é
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�����<�=�<��> ?A@
O B 1DC B 1 O

?E@F50143G?A@
O B 14HI�

JLK=MONQP�RTSVU�P"K=WYXOZ[P"R]\�^_M-`TSVP"M[a(b(U�c_P"R*Z(K�deRgf_h;`TiVSVRgfkjljmP,c_iVMonpi
O q M<r q M O nIisb(M(ZFnIi

O q M�tuR
v
O wyx r{zs|}K v�~k� a-�8R*K=Z[�8U���P�`TX;��U�P"M<�<t�b[RT����i_RTjmP"M�X(K=P�R

O � �$����Z(aeP�����P"K�S_`�r�Z�fk�T�]Z�f_�]�TK=j�b(U=K�P"R �
`TPOnIi

O q M�tuR � K=�lf_b[�
Z(P"M�jmK�`mP�K=M(P�j q `gP"R*M�SVP�h_P"M[M(�"P�K=WYX(M(P$`gP�M��4P�f_h�K=Z[P"M;`gK��TWYX�jmK�`mZ(P�j
SVP�jlP��T�*P"M(P�ME�
\�|�Z[P"RO��b[U=h � NQP�R � K�M(Z(b(M(S_P"M q M O nIi�K��*` v c8SVU2��� �(� � ~ �{z_zV�$�}|
f_��SVP�jlP��T�*P �

� .4.����4�����<� ��b(�T�*WYX(M(K�`*`gP Z(P�R \�^VM;`TSVP"M(a[b(U�c_P"RTZ[K�deRgf_h;`gi_SVRgf_jmjmP cVi_M npi
O q M�tuR"r�npi �

�4iVU��8jmP"R v
[(Me3Sn)4Mo(CN)8])

r npi
O q Mob(M(Z q M O nIi(�L¡-¢0�0P"f_h£K��*`,M-b(R¤K=j

�*K=j¤b(U�K=P�R*`gP�Ms�Lb(U�c_P"RTZ[K�deRgf_h;`gi_SVRgf_jmj¥cViVM�nIi
O q M�tuR¦�"b[§(M(Z(P"M¨�

M(P©�u\�|ªZ(K�P"�*P"�I��b(U=h-� v q M O nIi-�«K��*`¤¬*P"Z(i8WYX­M(K�WYX;`®K�Z(P"M;`gK��TWYX�jlK¯`sZ(P"j �u\�|°Z[P"����b(U=h-�
Z(P�R,NQP�R � K�M(Z(b(M(S�nIi

O q M<�0��P"KDSVP�M�f_b(P�RTP"R���P�`TRgf_WYX;`Tb(M(SOP"R*h_P�M(M;`±j�fkM<r�Z�f_�T�,Z�f_���Qb[U�cVP�RTZ(K¯� �
��RTf_h;`giVSVRTf_jmjªcViVM²npi

O q M³P"K�M(P�´ � P�RTU=f_SVP"R*b(M(S£Z(P"R��Qb[U�cVP�RTZ(K¯d¨RTf_h;`giVS_Rgf_jmjlP«c_iVM q M O nIi
b(M[Z­Z(P"RpX(iVjmiVU�P"a[`TK=�TWYX[P"M�NQP�R � K�M(Z(b(M[S [(Me3Sn)4Mo(CN)8]

v K�MµZ(P�RI� �(� K=U�Z(b(M(S¶f_U���nIi �
�4iVU��8jmP"R � P"�"P�K=WYX(M[P�`·�OK=��`��u|�K=P¸�}b(����P�R*`Tb(M(SVP�M¹Z(P�R�º�\ � q aeP�h-`TRTP�M � RTf_WYX;`gP"M»Z(K=P�� � P"��¼(SVU=K�WYX
hkP"K=M[P�M[P"b(P�MµJLRThkP"M(M;`TM(K=�*�TP_r�Z�f½Z(K�P"�TP���¼[Rsf_U=U�P�Z(RTP�K}NQP"R � K=M[Z(b(M(SVP�M­npi

O q M<r q M O nIi¸b(M(Z
nIi

O q M�tuRlK=Z(P�M-`TK=�*WYX�b(M(Z�M[P � P"M�Z(P�MG�	f_M(Z(P�M�Z(P"�«t�i8iVRTZ(K�M�fk`TK=iVM(�*aei_U��8jlP�RT�±M-b(R«Z[K=PpWYX�f �
RTf_h;`gP"R*K=��`gK=�*WYX(P"M¶�	f_M[Z(P"M�Z(P"��¾�f_�*`TP"M��"b¸§�M(Z(P�M¶�*K=M(Z<�L��M(X�f_M[Z¶Z(P�RmJQU�P"jmP"M;`YfkRgf_M�fkU��8�TP&Z(P�R
NQP�R � K�M(Z(b(M(S q M O npi v ��b(U=h�� � P��*`Y¿À`gK=Sk`��*K=WYXOZ(K�P,R*^VM;`gSVP�M(iVSVRTf_a(X(K��TWYX�P�RTjmK�`*`gP"U¯`gP,Á¨b(�Tf_jljmP"M �
�*P�`g��b(M(S�c_iVMsnIi

O q M(t�RQjmK�`
[(Me3Sn)4Mo(CN)8 · 2H2O · C12H10N2].

��b(WYX«Z�f_�DP"U�P"jmP"M;`Yf �
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Ög×_Ø(×_Ù�Ú-ÛgÜ�ÝTÞYß(àmáLÖTâ_à"ã(Ø(Ü�Ý]ä_åVæèç�é(Ù�ê©ëIå O ì Ø�í�à"Ü�Ø(àlî_ï;ðñëIÜ�ÝTÞYß-é(Ø(âpäVåVØ [(Me3Sn)4Mo(CN)8]

é(Ø(ò [(Me3Sn)4Mo(CN)8 · 2H2O · C12H10N2])
Ý�ÛgÜ=æmæ�ÛLæmÜ�Û ò(à"Ø�áQÖ*âVà"ã[Ø(Ü=Ý*ÝTà"Ø�×_é(ÝDò(à"ÖLó
ô�õ�ö

ç�à�ÛTÖg×_ÞYß;ÛTé(Ø(âm÷(ãeà�ÖTà�Ü=Ø<ø

Ä�Å=Æ<Å�Æ<ÅùÄ úAû
O ü Ò0ýpÉ�þ�ÿTúAÐ

3 ü Ò��
4

úAû0ÿ������
8·

Æ��
2 	 · � 12

�
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�
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� ×_Ø(âVà��¨à�Ü�Û�
�×_Ö*à"ØGäVåVØ [(Me3Sn)4Mo(CN)8]
Ø-é(Ö��GÜ=Ö�Û*ö��]×_Ý�Û*ö��Qà"ÖTã[Ü=Ø(ò(é[Ø(âVà"Ø³ælÜ¯Û������ [18]

é(Ø(ò��LÚ8ÖT×��"Ü�Ø [5] ã7à"êÀ×_Ø(Ø;Û"ø���Ü=à"Ö*ãeà�Ü�äVà"Ö �_Ø(ò(à�Ö*ÛTà"Ø&ò(Ü�à!�"�_Ý*ÛTà�ò(×_Ý�é[ÖTÝ #[ÖT÷(Ø(â_Ù=Ü=ÞYß[à�$8ß(åVæmåVÙ=à%#[ÛgÜ�ÝTÞYß(à
��Ü¯ÛTÛTà"Ö
Ø(Ü�ÞYß;Û�ø�õ}Ü�à&�'�_Ý�Ûgà(
 é(Ö*ò(à"Ø£Ü=Ø©ò(à"Ø©äVå_ÖTß�×_Ø[ò(à"Ø(à�Ø)��åVß(Ù=Ö �_é(æmà"Ø©ò(à�Ý"�GÜ�Ö*ÛTÝTâVÜ¯ÛTÛgà�ÖTÝuà�Ü=Ø�ö
âVà"Ù=×_âVà�Ö*Û�ø*�<×_ß(Ù=Ö*à"Ü�ÞYß(à��Qà"ÖTÝ*é(ÞYß(àIælÜ¯Ûm×_Ø(ò(à�ÖTà"Ø+�'�kÝ*Ûgà�Ø³à�ÖTâ;×_ã7à"Ø¶ÝTà�ß(Ölß,�_é�-�â£ò(à"Ø.�7×kÙ=Ù�$0ò�×_Ý*Ý
ò(à"Ö/#eåkÛgà"Ø;ÛTÜ=à"Ù�Ù=à0��×_Ý*Û}Ø(Ü=ÞYß;Û
æmÜ�Û�Ü=ØIò�×_Ý�äVåVÖ*ß�×_Ø(ò(à�Ø(à&�uÜ�ÛTÛTà"Ö�à"Ü�Ø(âVà"ã(×_é[Û1
 é(ÖTò(à2$<ÝTå_Ø(ò(à"Ö*ØOÝTÜ�ÞYß
Ø-é(Ö¤ò�×_Ý�ÖTà"Ü�Ø(à�ß[åVælå_Ù=à3#�ÛgÜ=Ý*ÞYß(à�4�å�å_ÖTò(Ü�Ø�×kÛgÜ�åVØ(Ý5#eåVÙ¯Ú8ælà�Ö�×_é(ÝTã[Ü=Ù=ò[à�Ûgà�í�ä8âVÙ2ø6�0×_ã<ø67(ø98®×_é�: ì à�Ü�Ûgà
8 Ã<; ø [(Me3Sn)4Mo(CN)8]

â;×_Ù�Û�
�à"âVà�Ø�ò(Ü�à"ÝTà�Ö
áLÖTâ_à"ã(Ø(Ü�ÝTÝ*à�Ù ×kØ(âVà]×_Ù=Ý�Ø(Ü�ÞYß-Û�âVà�à"Ü=â_Ø(à�Û/�"é(Ö�ç�Ü�Ù¯ö
ò(é(Ø(â�Ø(à�é(à"Ö%$Àæmå8ò(Ü=->��Ü=à�Ö*Ûgà�Ö?�GÜ=Ö�Û*ö@��×_Ý�Û*öA�Qà�ÖTã(Ü�Ø(ò(é(Ø[âVà"Ø<ø3B}é(ÞYß,ò(à"Ö0áLÜ=Ø(ÝT×kÛC�LäVå_Ø�7köD�LÚ8Ö*Ü=ò(Ü�Ø(Ø(Ü�ÛTÖTÜ�Ù
í�EF�]×_Ý�Û G Ü�ØG�0×_ã<øH8�ø=Im×_é�: ì à�Ü�Ûgà&8�I ; �_Ø(ò(à�Ö*Ûgà ò(Ü�à"Ý*à&�0×kÛTÝg×_ÞYß(àmØ(Ü�ÞYß-Ûlí�ä8âVÙ ø?B�ã(ã<øJ7(ø9K�8 ; ø�áLÝ
à"Ø;ÛgÝ�ÛY×_Ø[ò�×_é�:
×_Ù=Ù�à"Ø½ò(Ö*à"ÜL�Qà"Ö*ÝTé(ÞYß[Ý5
�à"âVà�Ø,M£í�ä8âVÙ øNB}ã(Ý*ÞYß(Ø(Ü�Û*Û�8�ø98�×_é�: ì à"Ü¯ÛgàO8P8 ; Ø-é(Ömò�×_Ýmß(åkö
ælå_Ù=à3#�ÛgÜ=Ý*ÞYß(à"�0å_Ù�Ú8ælà�Ö [(Me3Sn)4Mo(CN)8].

ç�Ü�Ý��"é�ç�à"âVÜ�Ø(ØIò[Ü=à"Ý*à"Ö1B}Ö*ãeà�Ü�Û â;×_ãIà"Ý�Ø-é(Ö�à�Ü=Ø(à

Q Ñ0ÑDÅ�Ä�Å�Æ�R?S �0å_ÛTà"Ø;ÛgÜ�à"Ù�Ù=àT�"�_Ý*ÛTà�$ ò(Ü�àDæmÜ�Û [(Me3Sn)4Mo(CN)8]
�GÜ=Ö*Û�ö@��×_Ý*Û�öA�Qà�ÖTã(Ü�Ø(ò(é(Ø(â_à"Øuã(Ü�Ù¯ö

ò(à"ØpÝTå_Ù=Ù�ÛTà"Øsé(Ø(òpò(Ü�àuà"ÖTß(×_Ù�ÛTà"Ø(à�Ø®áLÖTâ_à"ã(Ø(Ü�ÝTÝ*à_ø

�GÜ=Ö�Û*ö@��×_Ý�Û*öA�Qà�ÖTã(Ü�Ø(ò(é(Ø[âmä_åVØ [(Me3Sn)4Mo(CN)8]
é(Ø(ò�7,$U7,V ö�ç�Ü=#;Ú�Ö*Ü=ò(Ü�Øoí�ã,#;Ú ; [30] ælÜ¯Û}Ø[à"é(à�Ö

4uÖTÜ=Ý�ÛY×_Ù�Ù=âVÜ¯ÛTÛTà"ÖTÝ�ÛgÖ*é(ê;Ûgé(Ö�ø<��Ü�à"ÖTã7à"Ü7Ý*ÛTà"Ù�Ù�Û [(Me3Sn)4Mo(CN)8]
ò�×_ÝT�GÜ=Ö�ÛgÝTâ_Ü�ÛTÛTà"ÖDò�×_Ý	ò[é(ÖTÞYß&ò(à�Ø

�]×kÝ*Û�à"Ø;ÛgÝ*ÞYß(à"Ü�ò(à"Ø[ò®äVà�ÖC�_Ø(ò[à"Ö*Û/
 é(ÖTò[à_øeõ
×mÝ*Ü=ÞYßIò(Ü=à0�"�_Ý*ÛTà'���/�¶é(Ø[òW� Ú8Ög×���Ü=ØpÜ=Øpò�×_Ý��GÜ=Ö*ÛTÝ�ö
âVÜ�Û*Ûgà�Ö
à"Ü�Ø(Ù ×_â_à"Ö*ÛTà"Ø?$¨ò�×_Ý'7kö�� Ú8ÖTÜ�ò(Ü=Ø(Ø[Ü�ÛgÖ*Ü=Ù4ê_à�Ü=Ø(à(�Qà"Ö*ã(Ü=Ø[ò(é(Ø(âpà"Ü�Ø(âVÜ=Ø[â&é(Ø(òFò(×_Ý"7,$X7�V ö�ç�ÜY#;Ú8ÖTÜ�ò(Ü=Ø

Z@[6\X]^\9_a`*b�cd\Xef]5gihkj l1m�]5n�oApdq�\X]5m2]5rd]ts>]@q�md\Xr2ukvdrdw!xJvdqAuk]Lb�vyn�uk]5_a`�q�\9nze�b{gXg9\9n�b|e�\X}%ryn�b�ryn�b|e�~�_^\Ue�uk]5_���b{nze
G

]5qfpyb{gUe�]@r�j
[(Me3Sn)4Mo(CN)8] � }%rdr3ef]�b{vk��uk\9]5nf]@_+��]@w%]tb{vyoAp"}{pyrd]t��b%n�eNr3vyqNb{vyn6`

4 � � }2�Y���N�
8 � vdryu� ]

3 � rP��g�]@q�pyb�gXef]5r/x�]@qAuk]5r�j
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©%ªY«,©�¬®­¦¯,ª=°>±y²2³ ªY­P«´¯,©%µ�¶·ª=¸5³Cµ5¹Pª=³5³C©%¸ µ�º�©{»�ªY¸5±�³ ©�¼¦½Yª=©3¹�³�¯,ª=©1¾�©%¸ ¿ÁÀÂ³CÀ,«,¹0«>²�Ã,©2¼�¯>²�µ µ�¯,ªY©/Ätª=½Y¯,À,«�¹
Å ­P«Á¶·ªY¸@³5Æ@Ç"²�µ@³5ÆA¾�©%¸ º,ª=«,¯,À,«�¹P©3«'À,«<³C©%¸*²�«,¯,©%¸ ©%¿ Å ­P«Á¯,©%¸�Ç"¸5ÈPÉP©T¯,©3¸*Ç'Ê�µ@³C©�º�©%µ5³Cª=¿Ë¿0³£»�ª=¸ ¯?Ì2Í*µ
µ@³C©3½=½=³ ©Lµ ªYÎ|Ã&¯,ª=©�Ï�¸ ²�¹P©2¼�»�ªY©L©%µ�µ5ªYÎ|Ã&¿ËªÐ³�©3ª=«,©3¸TÊ�Ã�«,½Yª=Î|Ã,©3«ËÇ"²�µ5³ Å ©3¸5º,ªY«�¯,À,«,¹,¼<¯�ªY©LÀ,¿ÑÎ3²�Ì¦Ò�ÓPÓÕÔ,¿
½YÊ�«,¹P©%¸tªYµ@³Ö¼ Å ©3¸5Ã>Ê�½Ð³ÖÌ>×1ªY©3¸@Ø�Ù,¸t»�À,¸5¯,©Õµ5³C²2³ ³�¯�©3µLÚ,¼UÚ,ÛÜÆ�Ätª=Ô�Ý¦¸5ªY¯,ª=«,µt¯>²2µÕÞP¼ßÒkÆ�à�ªáÆ{âzÚyÆDÔ<Ý¦¸ ªY¯ÂÝÂ½äã@©{³CÃ<Ý¦½Y©3«
âfåæÇ"²�µ5³ O ª=«Oç6²�º?Ì�èÂÌ=Þ�¼�éÂ©3ªÐ³C©"è�Þkã Å ©3¸@»t©%«,¯,©{³&â Å ¹P½fÌ,ê�º,º�Ì>Ú,ÌßÒ2è<ã{Ì
ë ¿ Ç"©%¹P©3«,µ ²2³Cì�ì%À,¸�¯,¸ ©%ªY¯,ª=¿Ë©%«,µ ª=­P«>²�½=©3«.í/²�À�¿Ëµ@³C¸ À�±�³ À,¸ Å ­�« [(Me3Sn)4Mo(CN)8],

ªY«î¯,©%¸
²�½=½Y©O¬®­yÆDê^³C­�¿Ë©�Ù,ºi©3¸(Æ@ï^ðLÆ@éÂ«¦Æ�ð!ïTÆ�Ät¸5Ù,Î|±�©%«ñâzç�Ý¦Ô ë ª=«òç6²�º?Ì*Ú�Ì=Þdó�ã Å ©3¸5±¦«�Ù,ÔÂØô³�µ ª=«,¯?¼�»�À,¸�Æ
¯,©·ºi©3ª�¯,©%¸õ«,©3ÀF¹P©%»�­P«,«�©3«,©%«F¾�©3¸5º,ªY«�¯,À,«,¹ [(Me3Sn)4Mo(CN)8 · 2H2O · C12H10N2]

©3ª=«,©
ê�ÄTÆ@éÂÎ|Ã�ªYÎ|Ã<³Cµ@³C¸ À�±�³ À,¸.¿&ª=³ Å ©3¸5µ Î|Ã,ª=©3¯,©%«>²�¸@³CªY¹ Å ©%¸ ±�«�Ù,Ô�Øô³ ©3«ö¬®­2ÆAê^³C­P¿&©3«÷Ø�©%µ5³C¹�©3µ5³ ©3½=½=³�âzµ5ªY©%Ã,©
ç6²�º?Ì�Ú,Ì=ÞkóPã{Ì�à�ªY©Á¬®­2ÆDê^³ ­P¿&©Áµ ª=«,¯ø»�©3ª=³ ©3¸5Ã,ªY«úù�À>²�¯�¸C²2³ ªYµ Î|Ã¦Æ�²�«<³Cª=Ô,¸ ª=µ ¿Ë²2³Cª=µ Î|ÃW±2­Â­�¸ ¯,ª=«,ªY©%¸5³Áâ Å ¹P½�Ì
ê/º,º?ÌTÚ,ÌßÒyÚîâzº>ã ã&µ5ªY©Oº�©%µ ªÐ³Cì3©%«·²�ºi©3¸&ªY¿ ÇÕ©3¹P©%«,µC²2³ ìWì3À�¿ Ã�­P¿Ë­�½Y©3ÔÂ³CªYµ5Î|Ã,©3«+¬®­�â ë ¾"ãDÆDû6­P½ÐÝ¦¿Ë©%¸
ì{»t©%ª?³C©3¸5¿Ëª=«>²�½=©Õï�Ý<²2«,­2Æ@ÇÕ¸ À�Ô,Ô�©%«?¼>ì%»�©3ª�âf¬®©

3
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ª ¾M¿¤À@ÁBÂDÃMÄOÅOÃOÆ�ÇUÈ�É�Ê,Ë*Ì�Í�Î[ÃOÂ�Ç,ÇcÉ Ï�ÐhÂ�Ç,ÑGËOÉ�Ã ÄMÉ$Ã É$Â�ÃOÏ$É�ÍDÃOÉ�Ã Ò�ÓKÔÖÕ Î[Ó�×tÉ$Ã Â�Ã
[(Me3Sn)4Mo(CN)8 · 2H2O · C12H10N2]. Ø Â�ÉvÒ�É�Î,Ë/Ù:Í�ÔUÚÛÊ,ÅOÜOÜbÉ$ÃÞÝ�×àßáÂ�ÃOÃVÔ�Õ Î,Ó�×
ÐhÅOÊ,ÄMÉ$ÃâÃOÂ�ÑGË/Îã×¡Â�ÎeÝ�ÅMä�Æ�É&ä�åOËOÊUÎ�ÅOÃOÄiä�åOÊãÄOÉ�ÃàÚoÝ�ÇcÎæ¼�çéè"Ô Ø Â�Ô&ê ërÔ�ÜYÙ:Ê,ÂDÄVÙVÍxìUÉ&Î[ËYÙ:ÍDÉ$Ã
ÇcÎ,É$ËYÎ�ÄOÂDÉÛÕfíOî/åOÊ,Ï�ÅOÃOÆïÄMÜ¤ÉKð

ñ É�Ê,î/Ã/åMä�ÜOÅOÃOÆ ò<Ù:Ü
Ônó ôhÔnõVÃVÔnôIó<Ô ö

ÔUó ô · · · ÷¦ø ê ÷ ì,õVÃ:Ônô¦ó<Ô ö,ö
Ônó ôhÔnõVÃ
ê ÷ ì øÛ÷ · · · ôhÔùê ÄOÜbÉ"ìÖÔnô · · · ÷Iø ê ÷ ìcõVÃVÔnôIó<Ô öcö,ö

Ônó ô · · · ÷¦ø êúõVÃ ·· ì ÷ · · · ôhÔùê ÄOÜbÉ"ìÖÔnô · · · ÷¦ø ê ÷ ì,õ:ÃVÔnôIó<Ô ö ñ
Ônó ôhÔnõVÃ
ê ÷ ì øÛ÷ · · · ôhÔùê ÄOÜbÉ"ìÖÔnô · · · ÷Iø ê�õVÃ ·· ì ÷ · · · ôIó<Ô ñ

Ônó ô · · · ÷¦ø êúõVÃ ·· ì ÷ · · · ôhÔùê ÄOÜbÉ"ìÖÔnô · · · ÷Iø ê�õVÃ ·· ì ÷ · · · ô¦ó<Ô ñ ö

×¡Ý�Ã�çbÐBÉ�ÃOÃæÄ*ÝKÇt¼�çéè1Ô Ø Â�Ôùê ëKÔÖÜYÙVÊcÂDÄMÙ:ÍxìUÉ�Î,ËYÙVÍ�É$Ã�×tÂ�ÎIÂDÃkÄOÂ�ÉûÁBÉ�Î,Ê[Ý�ÑGËYÎ,ÅOÃOÆãÉ�ÂDÃ/íbÉ$Ï$Ó�Æ�É$Ã�ÐhÂDÊcÄüê�È:Æ�Íúð
ò7Ý�í�ð*ëOð�¼1»�ò�ÙVÜ�ö,öcövíOÂ�Ç¢ò<Ù:Ü ñ öUì&ð
ö�Ãýò2ÝKí¤É�ÍDÍDÉþëMð�¼"ÿ ÇcÂDÃOÄýÏ$Å � É$ÄOÉ�× ñ É$Ê,î/Ã/åOÜMä�ÅMÃOÆ�ÇcÎ�Ù:Ü ÃMÉ$íbÉ$Ã ÄMÉ$Ê�ÕIÃOÏ$Ý�ËOÍûÄOÉ�ÊzÉ�Ã/Î,Ë*Ý�Í�Î[É$ÃMÉ$Ã
� Ý�Ç,ÇcÉ$ÊcÇcÎ[Ó��áíOÊcåOÑGî�É�Ã�çhÄOÂDÉ�×¡Â�ÎïÄMÉ$× ÒeÓ���Ô�Õ Î,Ó�×{È�É�Ê,íOÅOÃMÄOÉ$ÃOÉ�ÃâÒ�Ó�Í�Ù:í¤ÄOÌ�Ã*ÝKÎ,Ó�×¡Éæê�È:Æ�Í�ðvÕfíOí
ëOð�è��Yì¢ÅOÃOÄ�ÄMÂDÉÞÇcÂDÑGË�Ä*ÝKÊ[Ý�ÅOÇfÉ$ÊcÆ�É$íbÉ$ÃOÄMÉ
	fÓ�ÃOÃMÉ$îYÎ[Â�ÈVÂ�ÎGÌKÎIÝ�ÃOÆ�É$Æ�É�í¤É�Ã�ð Ø É�ÊÛÁBÉ�Æ�Ê,Â���	�Ó�ÃOÃOÉ�îYÎ[Â�È:Â�Ô
Î[ÌKÎ¢Ä*Ý�ÊUä5ÃOÂDÑGËYÎ¢È�É�ÊcÐvÉ$ÑGËOÇcÉ$Í�ÎIÐvÉ$Ê,ÄMÉ$Ãe×¡Â�Î ÄOÉ�Ê
	fÓ:Ó�Ê,ÄOÂ�Ã*ÝKÎ,ÂDÓ�ÃOÇcÏ�Ý�ËMÍ¤É�ÂDÃOÉ�Ê�	fÓ�×tÜOÍ�É��:È�É�Ê,íOÂ�ÃOÄOÅOÃOÆMð
ÚÛÉ$ËOÉ�Ã ×¡É�ËOÊ,É�Ê,É ñ É$Ê,î/Ã/åOÜMä�ÅMÃOÆ�É$ÃqÈ�Ó�Ã É$ÂDÃMÉ$× Õ Î[Ó�× Ï$ÅM× Æ�Í�É$Â�ÑGËOÉ$Ã Õ Î,Ó�×eçvÇcÓæÐBÉ�Ê,ÄOÉ�ÃqÄOÂDÉùÔ
ÇcÉãÃ/ÅOÊ ÝKÍDÇtÉ$ÂDÃMÉ ñ É$Êcî/Ã:åMÜMä�ÅOÃOÆ ê ÈVÆ�Íúð [31] ì§Æ�É�ÐvÉ$ÊUÎ[É�Î$çBÅOÃMÄ ×ïÝKÃ Ç,ÜMÊ,ÂDÑGËYÎïÂDÃ ÄMÂDÉ$ÇcÉ$× �9Ý�ÍDÍ È�Ó�Ã
ÄOÉ�Ê�	fÓ�ÃOÃMÉ$îYÎ[Â�ÈVÂ�ÎGÌKÎûÈ�Ó�Ã É$ÂDÃMÇ$ð Ø ÅOÊcÑGË ÄOÂ�É¨Ê[Ì�ÅO×tÍDÂ�ÑGËOÉ ÕfÅOÇ,ÄOÉ�ËOÃ/ÅOÃOÆzÄOÉ$ÇïÚ.ÝKÇcÎ[É�Ç§ÅOÃOÄ ÄOÉ$ÇcÇ,É$Ã
��ÌKËOÂDÆ�îKÉ$Â�Î�çBÄMÂDÉ�Î[É�Ê,×tÂDÃ*Ý�Í�É$Ã � Ý�Ç,ÇcÉ$Êc×¡Ó�Í�É$î/åOÍ�É�Ï$Å íOÂDÃOÄMÉ$Ã�ç¢É�Ê,Æ�Â�íMÎ¨Ç,Â�ÑGË ä�åOÊ¨ÄOÂ�É ñ É$ÊcíOÂDÃOÄMÅOÃOÆ
[(Me3Sn)4Mo(CN)8 · 2H2O · C12H10N2]
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ßáÅOÇ[ÝK×¡×tÉ$ÃOËOÝ�ÃOÆÞÏ&ÐhÂDÇcÑGËOÉ$Ã ñ É$ÊcíOÊ,åMÑGî:ÅMÃOÆ�Ç[ÝKÊcÎ[É�Ã¨ÅOÃOÄ�	fÓ�ÃOÃOÉ$îYÎ,Â�È:Â�Î[ÌKÎ Â�ÃïÄOÉ�Ê ñ É$ÊnÔ
íOÂDÃMÄOÅOÃOÆ

[(Me3Sn)4Mo(CN)8 · 2H2O · C12H10N2]

ñ É$Êcî:Ã/åMä�ÜMÅOÃOÆ�ÇUÎ�ÙVÜ ÕIÃOÏ$Ý�ËOÍ
ÄOÉ$Ê ÷ ÔnÁBÊcåOÑGî�É�Ã Ò�ÓKÔ�Õ Î,Ó�×tÉ 	fÓ�ÃOÃOÉ$îYÎ,Â�È:Â�Î[ÌKÎ
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���
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ñ ö ë Ò�Ó�"MçbÒ�ÓM¼ � �oè
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½o© · · · ½o©%ÅPH © $ ¿ $ ©Æ¨%¿ $ ­ $ [ ¹ }
n®e*MPK�Hi�Iv»Ç~{
§z©ish¸<©isW��M�© © ¿ ¾ ­ ¹ [0¨�} © ¿ $ ­¼¨ $ [W© # } © ¿ $ ­ $ [^À%}
§ $ sh¸ $ sW��M $ ©Æ¨ ¾ ­¼º8[0¨�} ©Æ¨ # ­»ª $ [W© ª%}
§�¨�sh¸�¨�sW��M $ ©Æ¨P©%­ ¹ [0¨�} ©Æ¨�À�­ ¹%$ [W© ¾ }
¸�¨�sW��M $ sh¸ $ © # ¿`­ ¹%¹ [h© # } © # À�­*©3¨F[ ¾ }
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α

©Æ¨ $ ­¼ª ¹ ©Æ¨ ¹ ­¼¨�¨F[ ¾ } ©Æ¨ $ ­¼ª8[ $ }
β

#%$ ­¼¿%º #�¹ ­»º ¾ [ ¾ } #%$ ­ ¹ ¿8[h© ª�}
γ

#%# ­Â¨�ª # À�­ ¹ ¿8[^ª�} #�¾ ­¼ª ¾ [h© ª�}
δ

#%$ ­¼¿%º #�¹ ­»º ¾ [ ¾ } #%$ ­ ¹ ¿8[h© ª�}
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ß�àPáLâqã�äPåPæ
åPæiçIèIæiç:àPé*äPåPêPä`ë%æ3ä
[(Me3Sn)4Mo(CN)8 · 2H2O · C12H10N2], [(Me3Sn)4Mo(CN)8

·2H2O · C10H8N2]
êPäPå

[(Me3Sn)4Mo(CN)8] ì
ê`íSë�æiíSîPïPçWâÆð

ß�àPë%æ3áLæ3ïPæiäòñ%ó�äòåPæiäõô�ã�áLâ:æ3äÉöP÷¼ö`øxùYú�éfû�ü�ç:é*åPéfäýêPä`åÿþ%÷��>ù���é�ù��Sö�ùYû�ü�ç:é*å`ü��	�hæiâqï�ü��fæiä�
!é�âjæ3é*äPæ�


 ã�äPë�æ3ä�êPä�âqæiç:á��bï`éfæ3å«ñ%ó%ä�� ì ð������ û�
µ÷��3æ3é*ë%æ3äÉá:é��bï ì ê`í åPæiä«æiç:áWâqæ3äòú��fé������ ì ê�
 áLâqçLê��%ù
â:êPç:æ����fæ ��ä�âqæiç:á��bï`éfæ3å`æ!��"
éfá��bï`æ3ä

[(Me3Sn)4Mo(CN)8 · 2H2O · C12H10N2]
�$#µó

O % ä�&�ç'�
êPä`å

[(Me3Sn)4Mo(CN)8 · 2H2O · C10H8N2]
�$#µó�àPéfû�ü(� [30] ð*)Yä [(Me3Sn)4Mo(CN)8 · 2H2O

·C12H10N2]
éfáWâ
åPæ3ç % �bïPé��bï�â ì àPáWâ ì äPå ì ��"
éfá��bï`æ3ä åPæiä�æiéfä��iæ��fä`æ3ä % �bïPé��bï�â:æ3ä ß êPäPå�ú�
�é*â

þ%þ Ý �`÷,+�ö-� Þ �µû�
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ÐSÖ&Ï*Õ�Ô<Ï*Í6×VádÑ#×VÒWÍUÒWÍ6×��0Í�Ö&Ð�Í�Ö&É ��Í�×�Í�Ö&Ù)Ú�ñ%Ý#Ï ��� ����Ù6É

−1 å*Ö�Ð � � ����Ù�É
−1 Ô<Ï^Ò�Í6×SÐ�Ù)Ú*Ö�Í6Õ*ß�Ö&Ù)Ú

ú=Ð�Ö&Í�Ú*Í5ûcå*å�ã�æ*ã À�� üvã�ðDÐpåtÍ6ÐVÒWÍ�Ú^Ò[Ï^Ô*Ï�Ñ#ß�Ð�ÝFÍ6Ö�Ï!�òÖ�Õ*Í6×SÐ�ê*×SÔ*Ù)Ú0ÓUáTÖ&Ð�Ù)Ú<Í6Ï�Õ*Í�Ï�ðD×�Î#Í6å*Ï*Ö�Ð�ÐSÍ6Ï�Õ*Í�×
�DÔ*ßlñ%Í6×SÕ*Ö�ö�×WÑ:Ü^Ò�Ý%É5Í�ÒW×SÖ&Í�Ô*Ï*Õ�Õ*Í6Ï ðz×SÜ#Í�Ï*Ï8ÒWÏ*Ö�Ð�Ð�Í�Ï Ñ#Ô*Ð4Õ*Í6Ï�Èéí@ç î ê�Í�Ü8ÒW×�Í�Ï�ãbìcÖ&Í�Ð�Í6×Fñ%Í�×�É5Í6Ö&Ï8ÒVç
ß�Ö&Ù)Ú*Í"�òÖ&Õ*Í�×�ÐSê*×�Ô*Ù)Ú�áTÔ<×�Õ*Í�Ó6Ô*Ï�Û:Ù)Ú*ÐSÒqÑ:Ü�Ó�Í6ê<Ò�Ö&Í�×SÒ�ãpðDÖ&Ï*Í�å�ÍUó=×�Ö�Í6Õ*Ö�Î%Í6Ï*Õ<Í ðD×�Ü^ß&Û#×�Ô*Ï<Î Ü#Ý#Ï*Ï8ÒWÍ
àSÍ�Õ*ÝYÙ)ÚEÝ%Ú<Ï*ÍxÕ*Ö�Í#��Í�Ò�×WÑ#Ù)Ú8Ò�Ô*Ï*Î5Õ*Í6×dÎ#Í6ß&÷#ÐSÒWÍ�ÏEÞ,×�Ö&ÐVÒ)Ñ#ß�ß&ÐVÒW×�Ô<Ü^Ò�Ô*×�Ï<Ö&Ù)Ú8Ò@Î%ÍUó=Ô*Ï*Õ*Í�ÏEáNÍ6×SÕ*Í6Ï0ú	ÐSÖ&Í�Ú*Í
Ï�Û:Ù)Ú*ÐSÒ�Í6×Cûcå*ÐSÙ)Ú*Ï*Ö�ÒSÒvüvã
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F v ZJw�Uyx v Z F u b9wDUyx v Z M u bzx u b

F v ZJ{|P}bJZ	[ u b
F v Zz~��� N3sRs;�3NVU*_�% v _`bJZ	[JN3Z���a STS*N#a ZJ[JNVP;NVZ�� v _`b	ZJ[JN ~

H ?D?�'�&('*IF�zKzprbJsRs;WYXJZ	U*_;_;N�[JNVP�� u � vG� NVh>_;P;NVZ�e�i�Z v Z F u bMx u b
F v Zzx u b F v Z9w�U�x v Z F u bJw�Uyx

v Z M u bzx u b
M v Z�bJZJ[ u b

F v Z9{#P3~
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¸^¹Vºd»JºT¹V¼;¹V½¿¾rÀJ¼;ÁkÂ`ÃÅÄ}ÆJÇR»J¹mÁ ÈT¼=É|Á ¼ÊÂ`Ë Ì ½lÍ¡Ì�ÀJ¹VÀ>Â;¹Î»9Á ¼|ÏkÐÊÑ�¹3Ç;Ò3Á Í	Â;Ì�Í�ÓÔÇRºT»Jº*ÀÖÕyÉ|Á ¼RÂ
F × ¹3º*ÀJØ�¹¯Ð

¼R¹VÂ`Ã5Â�Ù�ÚrÁ ÒYÛoÒ3Á	Ù(ÜÔº*¹3Ç|Ý�ÌGÒYÛJ¹VÀßÞJºTÈ*»J¹VÂ;¹3À�¼RºTÒYÛoÛ	¹3ÈTÈ*Ø�¹3È*Þg¹kàMÜ�¹VÇRÄ�¹3ÇÊÂ`Þ9Á ÇR¹�ádºTÀJË>Ç;º*¼RÂ`Á ÈTÈ*¹ Ù(ârº*¹l¹VÀ>ÂÊÐ
¼ÊÂYÁ ÀJ»	¹3ÀJ¹VÀÅã#Ç;ºT¼ÊÂYÁ È*ÈT¹­¹VÀ�Â`ÛJº*¹3È*Â;¹3À=äJÞ¡¹3Ç;Ç;Á ¼;ÒYÛ	¹3ÀJ»J¹VÇRÄ�¹3º*¼;¹DåR¹3»	ÌÔÒYÛ�Ë ¹3º*À±ÏkÐ�Ñ�¹3ÇRÒ�Á ÍÔÂ`Ì�Í�ÓGÇ;º*»JºTÀ=½l¹VÛJÇ3à
¼RÌ�ÀJ»J¹VÇ;À

zwei
À	¹3ÆJ¹�âr¹VÇ;º*ÜkÁkÂ;¹ ÙdârÁ ¼ÅÏkÐÊÑ�¹3Ç;Ò3Á Í	Â;Ì�Í�ÓÔÇRºT»Jº*À"½�ÆJ¼;¼ÊÂ`¹�Á È*¼;Ì²Á Æ	ÒYÛæ½mº*Â±¼;ºTÒYÛ"¼R¹3ÈTÞ	¼RÂ

ÇR¹�Á Ø�º*¹3ÇÊÂ�Û9Á Þ¡¹3ÀMÙ�çèÀ"é}Æ
F ê À9ã#Ç�ë9ÀJ»	¹VÂÎ½lÁ ÀßÁ ÀJ¼ÊÂ`¹VÈTÈT¹l»J¹3¼±¹3ºTÀ	Ø�¹3¼R¹VÂ`Ã5Â`¹VÀìÉ|Á ¼ÊÂ`¹3¼±¼;Ì1Ä^Ì ÛJÈ�ÏJàíÏJîïÐ

ârº*Í�ÓÔÇRºT»	ÓGÈ*¼;ÆJÈðë9»7Á È*¼�Á ÆJÒYÛ�ÏJàíÏJîïÐ�ârº*Í�ÓÔÇRºT»	ÓGÈ*»JºT¼RÆJÈ*ë9»MÙÔádº*ÀJ¹ñ½mò�Ø�ÈTº*ÒYÛJ¹�áOÇRË>Èôó ÇRÆJÀJØ�»J¹VÇõádÀ�Â`¼RÂ;¹3Û>ÆJÀJØ
»Jº*¹3¼R¹3ÇBÞg¹VºT»J¹VÀ ê Æ	È*ë9»J¹�ºT¼ÊÂ(ºTÀ=¾rÞJÞ	ºTÈT»	ÆJÀJØ}ÏJÙ�ö�÷�»JÁ Ç;Ø�¹V¼RÂ;¹3ÈTÈðÂ�Ù1ârÁ ¼DÏ	à�ÏJîïÐ�â�ºTÍ�ÓGÇ;ºT»ÔÓÔÈ*»JºT¼RÆJÈ*ëJ»=¹VÀ�Â`¼RÂ;¹3Û�Â
ÆJÀ�Â;¹3Ç±½mºTÈ*»J¹3À�¸^¹V»JºTÀJØ ÆJÀJØ�¹VÀo»JÆJÇRÒYÛÖørùÔº*»9ÁkÂ`º*Ì�À²Ü�Ì�ÀoÏúÐÊÑ�¹VÇ;Ò�ÁkÍ	Â`Ì�Í�ÓGÇ;º*»JºTÀ�½lºðÂ�û(ÆÔüýÂ`¼`ÁkÆJ¹3ÇR¼RÂ`Ìkþ
Õq¼;ºT¹VÛJ¹�É|È*¹3º*ÒYÛJÀ>ÆJÀJØ"ç�º*Àÿ¾�ÞJÞzÙõÏJÙ�ö�÷ × [35] Ù}ârº*¹]ÀJÌ ÂèÄ�¹3ÀJ»	ºTØ�¹VÀ��OÌ�Ç;Á ÆJ¼;¼R¹VÂ;Ã3ÆJÀJØ ¹3À�Û	ºT¹3ÇÊüqäJÇ�¼;º*ÀJ»
»JÆ	Ç;ÒYÛ�»J¹3À�¾�Æ	üqÞ9Á Æ�»J¹VÇ��O¹3ÇR¼;ÆJÒYÛJ¼;Á ÀJÌ�ÇR»JÀ>ÆJÀJØæØ�¹3Ø�¹VÞg¹VÀzÙõâñÁk¼7ÏJà�Ï	î ÐèârºTÍ�ÓGÇ;º*»	ÓGÈT¼;Æ	È*ë9» ¹VÀ�Â`¼RÂ;¹3Û�Â
Ä^Á ÛJÇR¼;ÒYÛJ¹VºTÀJÈ*ºTÒYÛßÀJº*ÒYÛ>Â�¼;Ì üqÌ�ÇÊÂ�àB¼;Ì�À	»J¹3ÇRÀß¹3¼�ÞJº*ÈT»J¹VÀo¼;º*ÒYÛßºTÀ�»J¹3Ç±Ä^ó ¼R¼;Ç;º*Ø�¹3À"û ò�¼RÆJÀJØ��gÄ}º*¼;ÒYÛJ¹VÀÔÐ
ÍJÇRÌÔ»	ÆJË�Â`¹#À9Á ÒYÛ�É#ÈT¹VºTÒYÛ>ÆJÀJØÅçRç�º*À7¾rÞJÞJº*ÈT»JÆ	ÀJØ�ÏJÙ�ö�÷	ÙÔçèÀ�»	¹3Çõ¼`ÁkÆJÇ;¹VÀ�û ò�¼RÆJÀJØÎËúÁ ÀJÀ�¼;º*ÒYÛ�ÀGÆ	À�»JÁ ¼
ÏJàíÏJîïÐ�ârº*Í�ÓÔÇRºT»	ÓGÈ*¼;ÆJÈðë9»�À9Á ÒYÛ]É#ÈT¹VºTÒYÛ>ÆJÀJØmç;çRç^º*À�¾�ÞJÞJº*ÈT»JÆJÀ	ØlÏJÙ�ö�÷ÅÞJº*ÈT»J¹VÀzÙ ê Ì�½mº*Âõ¹VÇ;Ë>ÈôókÇRÂ�¼;º*ÒYÛ »Jº*¹
¾�Þ>Ä�¹3¼R¹3ÀJÛ	¹3º*Â�Ü�Ì�À�ÏkÐ�Ñ�¹3ÇRÒ�Á Í	Â;Ì�Í�ÓGÇ;ºT»	ºTÀzÙ

� �B�����B���	��
 é}¹�Á Ë�Â;ºTÌ�ÀJ¼R¼;ÒYÛJ¹V½�ÁÅÜ�Ì À]É|Á ¼RÂ
F

ÕqÏkÐÊÑ�¹3Ç;Ò3Á Í	Â;Ì�Í�ÓÔÇRºT»Jº*À × Ù
âñÁk¼�û ò�¼R¹3À�»J¹3Ç�ã#Ç;º*¼RÂ`Á ÈTÈ*¼RÂ`ÇRÆJË�Â`ÆJÇ�üqäJÛJÇRÂ;¹|Ã3Æ�üqÌ�ÈTØ�¹VÀJ»J¹VÇ ê ÆJ½m½l¹VÀ	üqÌ�Ç;½m¹3È
�

[(Me3Sn)4Ru (CN)6 · 2H2O · 0.8C10H8N2S · 0.2C10H8N2S2].
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3 )0)4�+����57678:9<;>=@?@ACBEDFD�GIHIJLKIB�=M;>?ONQPRPRBEAC=@SF?@TVUIB�H WXSFHIUIBES�AZY>[�H \]G
F ^ H#_`= [(Me3Sn)4Ru

(CN)6 · 2H2O · 0.8C10H8N2S · 0.2C10H8N2S2] ab^ TVUdc]S�HIJ�GIHIJ>?%B�D�DFS�eI?%[�S�KIB PRS�A
f�gihZjkGmlnBEH(A%U#;>DoAC?@cp;>UI=@?%TVUIBESFHID�SFTVUIqrB�SoAts�u	9vSFB`;>?ON2PwPRBEA%=%SF?@TVUIBxWXSFHIUmB�S�Apy�BESFJ>AzBESFHIB{v| B�=@D};>J�BE=%GIHmJ~KIBE= | B�SFKmB�H ^ A%=%GIqdA%GI=%KIS�=%S�J�B�HdACBEH��I���I����9kS�e(N2=@SFKmN2DF?@GID��IK�GIHmK��I���m���9kSFedN2=%S�KmN2DFKIS�?%GIDo�#K�u

� H�KIBE=�;>?@N2PRPwB�AC=@SF?%TVUmB�H�WXSFHIUmB�S�A a ?@SFB�UmB�j |I| u��Iu�fd��s�SF?@A�K#;>?�\]GQ��j�AC[�P ?%BETVUI?@l�;>TVU�PRS�A
� Nd;>Hm[r�O�`=%GIeme7BEHwqr[Q[�=@KISFHmSFB�=OA�u>W�?4J�S | A�Y2SFBE=4�.=%S�PwB�ACUdN2DFyESFHIHQ���x=@GIeIe�B�H��rKISFBz� | BE=4KmSFB�?@B � N�;>HI[r�
�x=@GIeIe�B�H�;>H�K#;>? �¡B�HdAC=%;>D};rA%[�P¢J>B | GIHmKIB�H�?@SFHIK¡u.�7cpBES4KmSFB�?@B�=x�.=%SFPRBEA%UdNQD�y�S�HIHQ�O�`=%GmeIe7BEH£?%SFHmK
HISFTVUdAO��ACBE=%PRSFH#;rDpGIHIK | SFD�KIB�H�KIS�B ^ TVUISFTVUdA%B�H¤KIBE?�_`=@SF?@AC;>DFD�B�?i;>Gm?�uXjkH¥B�S�HIB�P¦KmB�= | BESFKIBEH§A%B�=O�
PwS�H#;>D�B�H��¡S�HIHQ�¨j�A%[�PRBw�#HIKmBEAw?%SFTVU�BESFH�©�;r?%?%BE=%PR[�DFBEq(�IDbuX9vSFB�?iBEH(A%?%eI=@SFTVUdARKIB�=R_ª[�HI?@A%B�D�D};rA%SF[�H
SFP«UI[>Pw[�D�B�emA%SF?@TVUIB�H¤jvGI?%J�;>HIJ�?@e7[�DoN2PwBE= a [(Me3Sn)4Ru(CN)6 · 4H2O]).

jkH�KIBEP ;>HmKIB�=@B�H
ACBE=%PRSFH#;>D�B�H��¡SFHIH2�¨j�AC[>P¬S�?@ApK#;>?z�I���I����9kS�e(N2=@SFKmN2DF?@GID��IK | y�cxuI�I���I���¨9kSFedN2=%S�KmN2DFKIS�?%GIDo�#K�J>B | GIHmKIB�H�u
^ [�PRS�A~SF?@A�=@B�SFH­ln[�=@P�;rD B�S�HIB�?£KIBE=�A%B�=@PwS�H#;>D J>B | GIHmKIB�HIBEH®©¯;>?%?@B�=@Pw[�D�B�q(�ID�B§KmB�=£UI[�PR[�DFBEeQ�
ACS�?%TVUIBEH±°�BE= | S�HIKIGIHmJ­KIGI=%TVU¬K#;>? ^ GID��#K | yEcxui9kS�?%GIDo�#KZB�=@?%BEA%yEA�c²[�=%KIBEH�u³9kS�B¤ACBE=%PRSFH#;>D�B�H
�¡SFHIH2�O�`=%GIeIe�B�H®?@A%B�UIBEHMS�PwPRB�=£HI[2TVU�� c]S�B¤SFP UI[�PR[�D�B�emA%SF?%TVUmB�H´jvGI?%Jd;rHIJ�?%e�[�DoNQPRB�=E�µA%=C;>HI?
y�GIBESFH#;rHIKIB�=Eu ^ [�PwSoA�c]GI=%KIBkKISFBªjª�¨¶4� ^ TVUmSFTVUdAC?OAC=%Gmq(A%GI=�KIBE?p©·SF=OAC?@J�S�A@ACB�=@?²J>B�[�PRBEA%=%SF?@TVU�BE=%U#;>DoACBEHGIHIK�DFBEKISFJ>DFSFTVU�KISFB�j | ?OAV¸>HIKmB¹KmB�= ^ TVUIS�TVUdACB�H¥?%[�c]SFB!KmSFB�©·S�HIq>BED�yEc]S�?%TVUIBEH�KIBEH � N�;>HI[r�'GmHIK�0=@SFPRBEA%U(N2D�y�SFHmHQ�O�`=%GIeme7BEH³y�GIBESFH#;>HmKIB�=�Y�BE=C¸>HIKmB�=@A�u � Hwj |I| SFD�KIGIHIJx�Iu�f��xSF?OA�KISFB ^ TVUIS�TVUdAC?@A%=%GIqdA%GI=KIB�=�°�BE= | S�HIKIGIHmJ³K#;>=%J>B�?@A%B�D�D�A�u � P�ºªH(A%B�=@?%TVUIS�B�K¹y�GIPMUI[�PR[�DFBEemACS�?%TVUIBEH»_v[2[�=%KIS�H#;rA%SF[�HI?@e7[>D�N2PwBE=
DFS�B�J�BEH�KmSFB³B�S�HIy�BEDFHIBEH�\]GQ�¨j�A%[�PRB³B�SFHmB�= ^ TVUIS�TVU(AµHIS�TVU(AµPRB�UI=';>GmlpB�S�HIB�='W | BEHIB>��?@[�HIKIBE=%H¯UmSFB�=SF?OAp¼@B�KIBE? yEc²B�SoACBRj�AC[�P½BESFHIBE= ^ TVUISFTVUdA GIP½�(¾!eIP½y�G�KIB�=µW | BEHIBRY>B�=@?%BEA%yEA�u�¶pB�AC=C;rTVU(A%BEA P�;>H
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ÓIÔ�ÕkÖX×�Õ�ØIÕEØ!Õ�ØdÙCÚFÛ>ØIÜµÓIÕ�Ý
a Þ¨ßzàVáIâ Õ`ÓIÕ�ÝpÖ�Ú�Õ�ãRÕ�ØdÙVÛrÝ%ä�ÕEÚFÚ�Õ>å â%æ Õ�Ý%çrÕ�ØIØdÙ]ãwÛ>Ø�å(Ó#Û â@â ÓIÔ�Õkè]é Þ�ß Ù æ ãRÕØIÔ àVá ÙvãRÕ á Ý áIæ Ý%Ô�ä æ ØdÙCÛ>Ú:Û>émê0Õ�Ô�ØIÕ�Ýªë:ÔFØmÔFÕ<Ú�ÔFÕ�Ü>Õ�Øíì]ÔFÕ`ÓmÔFÕ â Ô�ã ß é â ÜdÛ>ØmÜ â%î�æ Ú�ï2ãRÕ�ÝzÓIÕEÝªð�ÛrÚFÚ7ìpÛ>ÝEñ

ò Ì.Ì²À+¿.À�ó	ô�õ ß é â%â@àVá ØIÔ�Ù@Ù ÓIÕ�Ý ßkö4ÞO÷QàVá Ô àVá Ù â ÙCÝ%émç(Ù%éIÝ ø æ Ø è]é
F ÷ Ø#ù`Ý [(Me3Sn)4Ru

(CN)6 · 2H2O · 0.8C10H8N2S · 0.2C10H8N2S2]. ú émÝ½×7Õ â%â ÕEÝ%ÕEØ ûv×�Õ�Ý â Ô àVá Ù ÞÚ�Ô àVá çrÕ�Ô�Ù£ì]éIÝ@ÓIÕ�ØüÓIÔFÕ§ý0Ý@ÔFãRÕEÙ á ï2Ú ÞOþ Ý%é îIî Õ�ØÿÛ>Ø®ÓIÕ�Ø ú ÔFØIØ Þ¨ß Ù æ ãwÕEØÿØmÔ àVá Ù¯ãRÔ�ÙÓ#ÛrÝ%Ü�Õ â ÙCÕEÚFÚoÙ�éIØmÓ ÓIÔFÕ�ë�Û>Ü�Õ ÓmÕ�Ý ß Ù æ ãRÕ ÓIÕ â � å ��� Þ�� Ô î ï2Ý%Ô�Ómï2ÚFÓIÔ â éIÚ��#Ó¬Ø2émÝ¤Û>Ú â� éIØIçdÙ%Õ
	I×�Õ�Ý]ÓIÕEã � å ��� Þ�� Ô î ï2Ý%Ô�Ómï2Ú â éIÚ��#Ó»ÛrØIÜ�Õ�ÓmÕ�émÙ%ÕEÙ�ñ

� ÕEÝ�ç�	IÝ%äEÕ â ÙCÕ ß × â ÙVÛ>ØmÓRÕEÔFØIÕ â è]é Þ¨ß Ù æ ã â ÓIÕ�Ý ÷QàVá Ô àVá Ù ß émØIÓ³ÓIÕ â Ø�
 àVáIâ Ù%Ü�Õ�Ú�Õ�Ü�ÕEØIÕ�ØRè]é Þ¨ß Ù æ ã âÓIÕEÝ ÷QàVá Ô àVá Ù ö Ô â Ù â@æ ãwÔoÙzéIØIÜ>ÚFÕ�Ô àVá ÓmÕ�ã ÷QàVá Ô àVá ÙVÛ>× â ÙVÛrØIÓ éIØIÓ¹×�ÕEÙCÝ�
>Ü>Ù��������må Ñ î ã���äEéIã���Õ�Ý ÞÜ�Ú�Õ�Ô àVá�� �������må�� î ã ×7ÕEÔ:ÓIÕ�Ý áIæ ã æ ÚFÕ î ÙCÔ â%àVá ÕEØ���Õ�Ý%×mÔFØIÓIémØIÜ� �ñ � ÛRÔ�Ø"!@ÕEÓIÕ�Ý ÷QàVá Ô àVá Ù#!@Õ�ìpÕEÔFÚ â ä�ìpÕEÔÖX×�Õ�ØIÕEØ ÓIéIÝ àVá ÓIÔ�Õ è]é Þ¨ß Ù æ ãRÕµÜ�ÕE×IÔFÚ�ÓIÕEÙªì²Õ�Ý%ÓmÕ�Ø�å�ÕEÝ%Ü�ÕE×7ÕEØ â Ô àVá Û>é àVá äEì²Õ�Ô ÷QàVá Ô àVá ÙCÛ>× â Ù$
>ØIÓmÕ>ñ
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×OÊxÕ�ó-±i²G¶�»Xº�Ê�¾�º�Ç<±%º�Á
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2 ¿ ð 2 ï Ú ß ¿ ð 2· ÷ ø 2

Ø
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[39] zgç ç�Ó
z�ï ÷ ð
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ï>ÃW±

3 ¿ º�ð 4 ½�¾(ï;ß Ú ð
6· ÷�ø 2

Ø · ç�Á�ù�ß
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2 ¿ · ç�Á ÷ ß

10 ø 8
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3
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3
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2 ¿ ð 2· ÷ ø 2
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^�_a`Lb	ced"fSg	d	h$_ad iXdSj�k�j�lOb"mLnpo�d"f	_rq s	tCu

qwv
2 x b	szy"{ 3 x}| _ 3 iXdI{ 2 x fScetr_anL~XyX����t=c�f-{ 4 u [32] ���z�S��� x�� { ∗∗

| _ 3 iXd x k�����{ x �>v�{ [36] ���z� xE� {
[ x}� _ad 4

k�{ x}| _ 3 iXdI{ 2(µ j��>v�{�kOc x �%k�{ 4][24] � � �S� �Sx�� { ∗
[ x}| _ 3 iXdI{ 4 � _ x �%k�{ 6· v 2

� · 3
2
�"� �"� b	sXyzu [30] � � �"��� x�� { ∗∗

[ x}| _ 3 iXdI{ 3 � _ x �%k�{ 6· � v 2

� · �"� �"� b	sXyzu [5] �����S��� x � { ∗∗∗
[ x sSjEnN���eyX��{ 3 iXd"�*` ]2· �"� �"� b	sXy [37] ��� � ��� x�� {
[ x sSjEnN���ey;��{ 3 iXd"� ]2· �"� �"� b	szy [37] ��� � � �	xE� {
[ x sSjEnN���eyX��{ 3 iXdI�*� ]2· �"� �"� b	sXy [37] �����S��� x � {
| _ 3 iXd x k�����{ x �>v�{ [36] � ���	x � {

x � j x}| _ 2 k�{�jp��jEd-��s	~znL~XyX��{�j � ~ 3

iXd [38] �����"� � xE� {
x � j x}| _ 2 k�{�jp��jEd-��s	~znL~XyX��{�j � ~ 3

iXd [38] �����S� � x � {
x n�j��%gI{ xLx j�{�j | _adXnL~zy;��{L{ x � j x}| _ 2 k�{�jp��jEd-��s	~XnL~zy;��{�j�iXd"v [38] �����S� �	x � {
x n�j��%gI{ xLx j�{�j | _adXnL~zy;��{L{ x � j x}| _ 2 k�{�jp��jEd-��s	~XnL~zy;��{�j�iXd"v [38] �����S� � x � {

∗ ��� · · ·  ¢¡V£} (¤¥£�¦�§z¨�©�ª �z«
∗∗ ��� · · ·  �¬�§z­�®$¯�£}¦(§z¨E©�ª �z«
∗∗∗ ��� · · ·  ¢¡V£}°z±N£�¦�§z¨�©�ª �z«
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[(Me3Sn)4Ru(CN)6· 2H2O·

0.8C10H8N2S· 0.2C10H8N2S2]
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Ä ¼�¼.®�­�®o­\Å{ÆqÇsÈ · · · É�Ê¬Ë�Ì�Í�Î�ÏtÐ�ÑÓÒ7ÑÓÔ�Õ F Ö�Ñ
×�ÒMØ

Ù4Ú Ð�Û Ú Ò�ÑÜÏ�ÝWÞpÌAÐ�ßáà%Õ Ù Þtß�ßâÐ�Ñ�Û�ÞpÑ�ãäßâÒ Ú.å Ð�Ì ÙAÚ ÌAÕ�Ï Ú Õ�ÌAæ\Ð ÙAÚ Ò7ßâß�Ð^Ñ å Ð�ÑÜçèÒ�Ì�Ï�Õ�Ñ�ã å Ò7Ð Ù Ð�ÌséêÌ Úsëpì Ñ
Ë�Ò�Ñ å Õ�Ñ�ã�Ð�Ñ{ØténÝ�Ý7ã�Ð^ß�Ð^Ò7Ñ�ÝWí ÙAÙAÚ`Ù Ò7Î�Ûäî:Ð ÙAÚ�Ù4Ú Ð^Ý7Ý7Ð^Ñ{ï å Þ Ù�Ù æÁÐ�Ò�î�Þ ÙAÚ ÞpÝ7Ý�Ð�ÑðÞpÑ�Ò ì Ñ�Ò Ù Î�Û�Ð^Ñ{ï Ù Õ�ñ�Ì�Þpß ì Ý7Ð^Ï�Õ�Ê
Ý7ÞpÌ�Ð^Ñóò ì�ì Ì å Ò�Ñ
Þ Ú Ò ì Ñ Ù ñ ì Ý�ô�ß�Ð^Ì�Ð^Ñ�õ�Õ�ß÷öcÞ å Õ�Ñ�ã Ù ÞpÕ Ù ã�Ý7Ð^Ò7Î�ÛóÏ=Þ Ú Ò ì Ñ�Ò Ù Î�Û�Ð�ø1í Ù4Ú ÐùÐ�Ò�Ñ�ã�Ð^ÝWÞpã�Ð^Ì Ú`ú Ð�ÌYÊ
å Ð^Ñ{Ø�û�Þtæ\Ð^Ý7Ý7Ðùü�Ø'ý Ã õ^Ð�Ò7ã Ú Ð^Ò7Ñ�Ò�ã�Ð�Ë�Ð^Ò Ù ñ�Ò7Ð�Ý�ÐùÛ�Ò7Ð^ÌAî:Í�Ìêþ Ù�ì�ú Ò7Ð å Ò�ÐêöcípÑ�ã�Ð�Ñ å Ð�Ì�çÿÞ Ù�Ù Ð�Ì Ù4Ú�ì�� æ�ÌAÍ�Î�ÏpÐ^Ñ
Ò�Ñ å Ò7Ð Ù Ð�Ñ��¡Ð^Ì�æ�Ò�Ñ å Õ�Ñ�ãpÐ�Ñ��9Ø�� ì Ì ÚóÙ Ò7Ñ å È Ò7Ñ ú Ð�Ò Ù ÐÓÞpÕ�î ú Ð^Ò Ú Ð�Ì�Ð§Ï�Õ�ÌAõ�Ðpï Ù4Ú ÌAÕ�Ï Ú Õ�ÌAæ\Ð ÙAÚ Ò�ß�ßâÐ�Ñ å Ð� Ê È · · · ÉùÊYË�ÌAÍ�Î�ÏpÐ^Ñèõ�Õ
	
Ñ å Ð�Ñ þ:û�Þpæ%Ø.ü�ØGý Ã ÉêÌ�Ø�� Õ�Ñ å ý
�9ï å Ò�ÐEÒ�ß Ë�Ð�ÌAÐ�Ò�Î�Û ë�ì Ñ�� ý Ã�Ã ñ�ß
Ý�Ò7Ð�ãpÐ�Ñ{ØÁø Ð�Ñ
ÞtÕ Ù�ìCú Ò�Î�Û Ú Ò7ã Ù Ò�Ñ å ÞpæÁÐ�ÌêÞpÕ�Î�Û å Ò7Ð�Ò7Ñ Ô#Õ F ÖwÑ
×�Ò�ãpÐ^î:Õ�Ñ å Ð�Ñ�Ð^Ñ É�Ê È · · · ÉùÊYË�ÌAÍ�Î�ÏpÐ^Ñ{Ø
éêÕ�Î�Û Ù Ò7Ð§Û
ÞpæÁÐ�Ñ ÙAÚ Ì�Õ�Ï Ú Õ�Ì å Ò�Ì�Ò7ãpÒ7Ð�ÌAÐ�Ñ å Ð§çèÒ�Ì�Ï�Õ�Ñ�ãpÐ�Ñ Õ�Ñ å Ò7Û�ÌAÐEöcípÑ�ã�Ð�Ñ Ù Ò�Ñ å ßâÒ Úäå Ð�Ñ�Ð^Ñ å Ð^Ì� Ê È · · · ÉùÊYË�ÌAÍ�Î�ÏpÐ^Ñ ë Ð^Ì�ã�Ý�Ð�Ò7Î�Û�æ
ÞtÌäþ ë ãpÝMØ
û�Þpæ{Ø�ü�ØGý Ã �	Ø��nÒ�Ð Ù Ð���Ì�ÏtÐ�Ñ�Ñ Ú Ñ�Ò Ù Ï=ÞpÑ�Ñ õ�Õ�Ì Ç Û
ÞtÌ�ÞpÏ Ú Ð^Ì�ÒoÊ
Ù Ò7Ð�ÌAÕ�Ñ�ã å Ð^Ì Ç Ê È · · · É�Ê¬Ë�Ò7Ñ å Õ�Ñ�ã�Ð^ÑQã�Ð�Ñ�Õ Ú õ Ú1ú Ð�Ì å Ð�Ñ{ï å Þ Ù Ò7Ðtï ú Ð�Ñ�Ñ Ù Ò�Ð ÙAÚ Ì�Õ�Ï Ú Õ�Ì�æÁÐ ÙAÚ Ò7ßâß�Ð^Ñ å
Ù Ð�Ò7Ñ Ù�ì Ý�Ý7Ð�Ñ%ï�Ð�æÁÐ�Ñ�î�ÞpÝ�Ý Ù Ï�Ý7Ð�Ò�Ñ�Ð�Ì.ÞpÝ Ù ý Ã�Ã ñ�ß Ù Ð�Ò7ÑCßäÍ Ù�Ù Ð�Ñ{Ø�ÖwÒ�Ñ åÜÙ Ò�ÐêÝ7ípÑ�ã�Ð^Ì�ï Ù�ì Ï=ÞpÑ�Ñ å Þ ëpì Ñ§ÞpÕ Ù Ê
ã�Ð^ã�ÞpÑ�ãpÐ�Ñ ú Ð�Ì å Ð�Ñ%ï å Þ Ù�Ù Ò�Û�Ì���Ò7Ñ��
Õ Ù�Ù ÞtÕ�î å Ò�ÐCò ÌAÒ ÙAÚ ÞpÝ7Ý ÙAÚ Ì�Õ�Ï Ú Õ�Ì Ð�Û�Ð^Ì»ã�Ð^Ì�Ò�Ñ�ãEÒ ÙAÚ Øqénæ�æ�Ò�Ý å Õ�Ñ�ã
ü�Ø ü���þ�Þ
� õ�Ð�Ò�ã Ú Ñ�Ð�æÁÐ�Ñ å Ð�ÌðÖwÎ�Û�Ò7Î�Û Ú�ÙAÚ ÌAÕ�Ï Ú Õ�ÌâÞpÕ�Î�Û å Ò7ÐÜà%Õ Ù ÞpßâßâÐ�Ñ�Û
ítÑ�ã�Ð å Ð�ÌäæÁÐ�Ò å Ð�Ñ ò Ý7Þ Ù�Ù Ð�Ñ
ëpì Ñ±çÿÞ ÙAÙ Ð�Ì ÙAÚ�ì�� æ�Ì�Í�Î�ÏtÐ�Ñ{Ø�énÕ�Î�Û Û�Ò7Ð^Ì Ý7Ò7Ð^ã�Ð�Ñ å Ò7Ðâà%Ð�Ñ Ú Ì�ÞpÝ7Þ Ú�ì ßâÐðÞpÕwî�ã�Ð å ÞpÎ�Û Ú Ð^Ñ���æÁÐ�Ñ�Ð^Ñ{ØcénÝ Ê
Ý�Ð�Ì å Ò7Ñ�ã Ù ãpÒ7æ Ú Ð Ù Ò�Ñ��AÐ å Ð^Ì�Ö�Î�Û�Ò7Î�Û Ú þ�é Õ�Ñ å Ë��nõ ú Ð�Ò ú Ð�Ò Ú ÞtÕ Ù Ð^Ò7Ñ
ÞpÑ å Ð�ÌAÝ7Ò7Ð^ã�Ð�Ñ å Ð��¡æÁÐ�Ñ�Ð�Ñ{ï å Ò�Ð
�AÐ ú Ð^Ò7Ý ÙXë�ì Ñ å Ð�ÑÜõ ú Ð^Ò Ú Ð�Ñ§Ô�ÕwÊ¬é Ú�ì ß�Ð^ÑQþ:Ò7ÑÜÔ�Ò7Î�Û Ú Õ�Ñ�ã å Ð^Ì�æwÊ*éùÎ�Û Ù Ð å Ð�Ì��¡Ý�Ð�ßâÐ�Ñ Ú ÞtÌ�õ�Ð^Ý7Ý�Ð��`ã�Ð�æ�Ò7Ý Ê
å Ð Ú.ú Ð�Ì å Ð�Ñ%Ø��êÐ�ÌXÏ�Í�Ì�õ�Ð ÙAÚ ÐeÔ�Õ · · · Ô#Õ�Ê¬énæ ÙAÚ ÞtÑ å þ:Ò7Ñóénæ�æ{Ø�ü�ØGü
��þ?Þ
��ßâÒ Ú ¾ æ\Ð^õ�Ð�Ò�Î�Û�Ñ�Ð Ú �Xõ ú Ò Ù Î�Û�Ð�Ñ
õ ú Ð^Ò�æÁÐ�Ñ
ÞtÎ�Û�æ�ÞpÌ Ú Ð�Ñ ÖwÎ�Û�Ò7Î�Û Ú Ð^Ñ é Õ�Ñ å ËPæ\Ð Ú Ì�ípã Ú! ��"�ï Ã ñ�ß Õ�Ñ å Ò Ù4Úêå Þpß�Ò ÚùÙ Ð^Û�Ì ë Ò�Ð�ÝqÏ�Ý7Ð^Ò7Ñ�Ð^Ì
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G�HJILK*MONQP�MRPSH*T3U�V;KJIXWYNQT3Z\[^]�_a`BPSH*bFM�T3c [(Me3Sn)4Ru(CN)6 · 4H2O] M�K*V #�$�dS$�efd UQMhgji!]QWYN
k T3cmljn�T3ZQToZ9G�nQIpVYG�Z krq0s�t c;uoT3IpVvT3cmiwn�IXVYGxZ k u5y^KJI;WYN�T3Zzu5y�ToK�{�T k G�WYN
V;T3Z7ljn�T3ZQToZ e k KJT?|XToy�T3K*HJImG�]QI
k T3Z,[^]�_}i~V;PSM�T3Z�ToKJZQToc���WYNQKJWYN
V�{STonQKJH k ToVwy�Toc k ToZ q KJZriwn�n�g��Qg���� q G
��M�K*V < {ST s ToZQZQu3ToKJWYNQZ�ToV�� e
� PSZ��
� $ U�M u3ToKJ{�V e k G�IXI k KJT��FWYNQKJWYN
VvToZ�i�]QZ k�� T3K*Z9G�Z k T3c7I;ToNQc � KJT3HwZ9��NQToc7I;KJZ k GxHJI7KJZ
[(Me3Sn)4Ru(CN)6 · 4H2O], ]QZ k�k PFWYNr]QZ
VvToc;IXWYNQT3K k T3Z,I;K*WYNrn�ToK k T���T3c;n�KJZ k ]�ZQ{ST3Z s G�]�M.K*Z
KJNQcXT3Z��wK*WYN
VvT3Z � PSZ #Se ��� d {��xWoM 3 ]QZ k #�e �x� $ {��xW3M 3 q � {SH�g��DG�n�g #S# g d ]�g #S# g #S# Gx]�����T3K�VvT # � d
]�g #���# �5g

� =D=m'?&('�&����(� cX]QZ k nQG�]QIXV;T3K*Z�_ �wKJT3cXT3W s K*Z¡[�] F ��Z9¢DK£g

¤ 6Q=m'¥&('*¦(§9�©¨ K*Z s ToHª]QZ k i!nQIXVv��Z k T
K*M � c;]QZ k n9G�]QIpVvT3K*Z�_ �wKJTocp_
ToW s g

¨ KJZ s T3H «f¬®­
α

�Sd�e �S� q # �S�
β

�Sd�e¯$ � q # �S�
γ

d�#Se°%xd q # ���
δ

�S��e � % q # �S�
��T3K�VvToZQH±��Z�{ST «�UQM²­
[�] # _a[^] # G #�$ � #Se � q�³ �
[^] # G´_}[�] # n #�$ �S� efd q�³ �
[�] # n�_a[^] # W #�$ � #Se � q�³ �
[^] # W�_a[^] # #�$ �S� e � q�³ �
�wKJG�{SPSZQG�HJToZ «�UQM²­

GRµ # ³ %S%Fe � q ���
n¶µ # � d � e � q �S�

· n�y�PSNQHjn�T3K k T3c¸NQK*T3c¸n�T3IXWYNQc;K*T3n�T3ZQToZ¹��T3cXnQKJZ k ]QZQ{zº}uoKJW s _}u3G�W s�» _a��WYNQKJWYN
V;T3Z � PScXHJKJTo{ST3Z e y�T3c k T3Z
k KJToI;T���WYNQKJWYN
V;T3Z¼G�]QI k T3Z e � t c k KJT¡NQPSM�PSHJToU�VvK*I;WYNQT¡��T3cXnQKJZ k ]QZQ{¹V}bFUQK*I;WYNQToZ e �wKJT3cXT3W s T3Z�G�]��±_
{ST3nQG�]�V½g~¾!Z
VvToc;I;WYN�KJT k T,Toc;{STon�ToZ¿IXKJWYN¼I;P�y�PSNQH¸K*Z k T3cÀcv�x]QMRH*KJWYNQToZ
��T3c s Z t U��®]QZQ{ q � {SH�g k G�uo]
iwnQn©g©�Qg��S��� k T3c � c;]QZ k n9G�]QIpVvT3K*ZQT e G�HJIÁG�]QWYN�NQKJZ�I;KJWYN
V;HJKJWYN k T3cÁ��Toc;N9��H�VvZQK*I;IXTÂKJMÃ�ÁK*T3cXT3W sÄq � {�H£g
�?Gxn�g��Qg ³ # ��gÅ��P7Æ9Z k ToV�M�GxZ,K*Z k T3Z��ÁK*T3cXT3W s ToZ k T3I�Ç!PFPSc k KJZ9GxV;KJPSZ�I;U�PSH*bFM�T3c;Iw[�] F ��ZQ¢?K?u5y�ToK
]QZ
VvToc;I;WYN�KJT k HJKJWYN�T¸��ToK*VvToZQH±�xZQ{ST3Z q #½$ � #Se ��U�MÈ]QZ k #�$ �S� efd UQM��5g
É}M � T3{SToZQIvG´Vvu k G�u3]�{SKJn�VmToI�KJZ
[(Me3Sn)4Ru(CN)6 · 4H2O] Z�]Qc�T3K*ZQTÊ��T3K�VvT3Z�H±��ZQ{�T q #�$ � d�e¯� UQM��5g�iwn�T3c�G�]QWYN k KJT��wKJG�{SPSZ9GxH�_
G�nQIpVY��Z k T�G!µ # ³ %S%�e �^UQMª]QZ k nÂµ # � d � e ��UQMªIXP�y^KJT k KJT ¨ K*Z s ToHFNQG�n�ToZÊIXKJWYN�{ST3{�T3Z t n�T3c k T3ZQToZ
KJMÃNQP�MRPSH*T3U�V;KJIXWYNQT3Zr[^]�_}`DPSH�b�M�T3c q � {SH�g��?G�n©g % gf�zG�]����FT3K*V;T %�$ ��{ST3��Z k TocXV½g�iw]�I k T3ZrË�]9G k cvG´_
VvK*I;WYNQToZÀ�wKJToc;T3W s T3Z¡I;K*Z k `?G�c;G�HJH*T3H*PS{ScvGxMRM�T�{SToy�PSc k T3Z�g�iwHJH*T3c k KJZQ{�I�KJIpV k K*T3IXT3I�`?G�c;G�HJH*T3H*PS{ScvGxMRM
ZQKJWYN
VLV}bFUQK*I;WYNÄ� t c k KJT � PSc;H*KJTo{ST3Z k T3Z�º}uoKJW s _}u3G�W s�» _p�FWYNQKJWYN
VvToZ�Ì�T3I s P�ZQZ
VvT¡G�]QWYN\n�ToK k Toc�uo] � P�c
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N�OQP8P,R%S TUN<VXW8P
F Y-Z�[.\�] R 3 TUN<VXW8P

F Y-Z N�OQP8P,R%S^ P,_X`aR bcO \:d R%egfAhji ^ P,_X`aR bkO \:d R%e�fAhji ^ P,_X`aR bkO \:d R%elfAhIimBn Z�o n Z-prq n nMsXt�uQn TIv Y oxwzyFZ�[ n Z�[.\ v n y s�u)t v�T n|{ Y o s yFZ�[�}FZ�[.\�~ nzn v u yz~ T n w6Y
o n Z m!n Z�[.\ n n wzy u)t TIv Y o v ~FZ�[.\ v Z�o v n nzn } u v�TIv Y m ~FZ�[.\�~FZ�[�} nMs�nzu){ y T nzn Y
ox}FZ m }FZ�[.\�} n|�z��u w TIv Y o v ~FZ�[.\ v Z�o v } nzn|��u } T ~6Y ox~z}FZ�[.\�~FZ�ox~ n n } v u ~ T ~6Y
ox~FZ m ~FZ�[.\�~ n ~zy u)t TIv Y o v n Z�[.\ v Z�o v } nzn v u y T ~6Y ox~z}FZ�[.\�~FZ�ox~z~ nzn w u w T ~6YmBn Z�[.\ n Z m v # nMszs�u ~zy T n|� Y o v n Z�[.\ v Z�[ n n y nzu){ T }6Y ox~ n Z�[.\�~FZ�ox~z~ nzn|{�u){ T ~6Ym�� # Z�[.\�}FZ m } nMsX{�u){zt T nMs Y o v }FZ�[.\ v Z�[ n nznznzuAs T }6Y ox~ n Z�[.\�~FZ�[�} t v u w n T n|{ Y
o nzn Z�[.\ n Z�o n } nzn|{�u } T ~6Y o v ~FZ�[.\ v Z�[ n n yzy u y T ~6Y ox~z}FZ�[.\�~FZ�[�} {z��u wzw T nMs Y
o nzn Z�[.\ n Z�o n ~ n } v u w T ~6Y oxwz}FZ m wzyFZ�oxw v nzn|t�u } T � Y ox~z~FZ�[.\�~FZ�[�} tz��uAs } T n|t Y
o v Z m v Z�[.\ n # n w nzu){ TIv Y ox}FZ m Z�oxw ∗ n } nzu)� TIv Y ∗ o s }FZ m;s yFZ�o s v n }zy u)t T � Y
o � Z m;� Z�[.\�} # n w v u w TIv Y
∗ �1�>���M�?�>�3���4�9�����6�F�>���?� [ ���I� 5 � 5 ���6� �I��� � 5][49]
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ù ø½ò�åYö�ú£ù
ï åYæ�èJåYæ
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µ�¶F·�¸%¹�º¼»:·�¶F·a½'¹�¾À¿1¹�Á�¶FÁ�¶�¾À¿D¶�¾kÂ¯¹.Ã�·
F Ä ¿1¹�Ã �.Å>Æ ¶F¸�º�¹�ÇD·%È�Ç�É�¸�ÊI¿�Êj¾ Ä Êj¾À¿�ÊI¶FÃ�¶�¸BËÌ¶�¸�ÍDÊI¾�¿�ÎD¾�Á Ä Ã�È

Ï ¹�ÐIÐj¶�¾¤ÑFÒÓ¶�Ê;Ã>·¼¹�¸�Ô¤Õ�È�¾�¶FÊI¾1¹�¾D¿�¶�¸J¹.Í�ÒÓ¶�Êjº¼»�¶�¾D¿�¶×ÖL¾ Å Ö Å8Ø ÍDÃ�·¼Ù.¾�¿�¶E¹�Î Ï,ÚxÛ Î�½Ü¶FÊI¾�¶F¾ÝÖL¾ �.Å Ö � ½ Êj·
Þ.�:ß Ä �:à Ç�½á¹�½âÕ�ÊI¶�¸ Ï ¹�º¼»ãÔ.ÈLÈ�¸�¿�ÊI¾DÊI¶�¸>·%¶F¾ Û ÊI¾D¾ Å8Ø ·�È�½äÎ�¾�¿JÑFÎ�½á¹�¾�¿�¶F¸�¶F¾ ÖL¾1å Å Ö Þ ½ Êj· Þ�ß�à Ä3æ � Ç�½
¹�½ ÏUç ¾Dèé¹�º¼»ãÔ.ÈLÈ�¸�¿�Êj¾�ÊI¶F¸�·%¶F¾ Û Êj¾�¾ Å8Ø ·�È�½ Ú Ö�·%¶FÐIÐ�·H½'¹�¾¯¿�ÊI¶FÃ�¶;µÓÊI¾�¿�ÎD¾�Á�Ã�ÐIÙ�¾�Á�¶F¾ëê�¶F¿�ÈLº¼»ìÕ�¶�¸�Á�ÐI¶FÊIº¼» Å
Í1¹�¸�¶�¾ìËÌ¶F¸�Í�Êj¾�¿�Î�¾DÁ�¶�¾ã½ Êj·lÁ�ÐI¶�Êjº¼»�¶�¾�íBÈ�È�¸�¿DÊI¾1¹.·�ÊIÈ�¾DÃ�Î�½ Á�¶�ÍDÎ�¾�Á�¶F¾¯¿D¶�¸ Û Êj¾�¾ Å�Ø ·%È�½ ¶�Á�¶�Á�¶�¾ ç Íî¶�¸ Ä
Ã�È'ÐIÊI¶FÁ�¶�¾×¿�ÊI¶¯Á�¶ Ï Î�¾�¿�¶F¾�¶�¾ Ø Í�Ã�·%Ù�¾�¿�¶ã½ Êj·Bï ç º¼Ô�Ã�Êjº¼»�·�¹�Î Ï ¿�Êj¶ìÎ�¾:·�¶�¸�Ã�º¼»�ÊI¶F¿�ÐIÊjº¼»�¶�¾¤Ö�Î�Í�Ã�·�Êj·�Î�¶�¾ Å
·%¶F¾ð¹�½ Û Êj¾�¾ Å8Ø ·�È�½ñÊI½ò¿1¹ ÏUç ¸ ç Í�ÐjÊIº¼»�¶F¾ðµ�¶F¸�¶�Êjº¼»ôóUÕ�Á�Ð Úlõ ¹�Í Ú � Ú å �:ö Úg÷ ÊI¶ Ã�·�¸�Î�Ô:·�Î�¸�Õ�¶�¸�Ò�¹�¾�¿L·%¶
ËÌ¶�¸�Í�ÊI¾�¿DÎ�¾�Áùø×Ñ�¶FÊIÁ�·ëÃ�È�Á:¹�¸<¶FÊI¾�¶a¾1¹�»DÑ�ÎúÊI¿�¶F¾�·�ÊIÃ�º¼»�¶¯µ�ÊI¾�¿DÎ�¾�Á�Ã�Ð�Ù�¾�Á�¶ Ú
÷ ¶�¸ãû Å Ö Å ÖL¾ Å�ü ÊI¾�Ô.¶�ÐrÊIÃ�·ì¶�Íî¶�¾ Ï ¹�ÐIÐjÃ¯Êj¾c¿�¶F¾ðÍî¶�ÊI¿D¶�¾�íCÈLÈ�¸�¿�ÊI¾:·%¹.·%ÊjÈ�¾�Ã�ÎD½'Á�¶FÍ�Î�¾�Á�¶�¾¤¿�¶�ÃãÂ¯¹�Ã>·%¶FÃ
Î�¾:·%¶F¸�Ã�º¼»DÊI¶�¿DÐIÊIº¼» Úþý�ç ¸ë¶�ÊI¾EÕ�ÊI¶F¸ Ï ¹�º¼»×Ô�È�È�¸�¿DÊI¾�Êj¶�¸�·�¶�Ã Û ÊI¾D¾ Å8Ø ·�È�½ÿÍî¶F·�¸%Ù�Á�·C¿�¶F¸ëÊI¿�¶�¹�ÐI¶ õ ¶F·�¸%¹�¶F¿�¶�¸ Å
ÒëÊI¾�Ô.¶�Ð�¹�½ Ö�¾ Å8Ø ·�È�½ �z��à Ä ��� Ú�� ¾�¿�¶F½äÕ�È�¸�ÐIÊj¶�Á�¶F¾�¿�¶�¾aÕ�ÊI¶F¸ Ï ¹�º¼»ìÔ�È�È�¸�¿�Êj¾�ÊI¶F¸�·�¶�¾ Û ÊI¾�¾ Å�Ø ·%È�½�ÒëÎ�¸�¿D¶
¶�Êj¾ ü ÊI¾DÔ�¶�ÐîÕ�È�¾ �X� æLÄ à���� Á�¶�½ ¶�Ã�Ã�¶F¾ Ú�÷ Êj¶ Ø Í�ÒÓ¶�Êjº¼»�Î�¾�ÁJÕ�È�¾E¿D¶�¸ � ¿�¶�¹�Ð Ï È�¸�½ ÊIÃ>·;Ã�È�½'Ê�·r½'Êj¾�ÊI½'¹�Ð Ú
� ¾�¿�¶�¸ õ ¹�Íî¶�ÐIÐj¶ � Ú å � Ã�Êj¾�¿�Ñ�Î�½¦ËÌ¶�¸�Á�ÐI¶�Êjº¼» Ò�¶FÊj·aÁ�¸���	�¶F¸�¶ Ø Í:ÒÓ¶�Êjº¼»�ÎD¾�Á�¶�¾¤Õ�È�¾¤¿�¶F¸�ÊI¿�¶�¹�ÐI¶F¾ ·%¶ Å
·%¸�¹�¶�¿�¸�ÊIÃ�º¼»�¶�¾ ý È�¸�½ ¿1¹�¸�Á�¶�Ã>·%¶FÐIÐj· Ú µÓ¶�Êx¿�¶F½ ÏUç ¾Dèé¹�º¼»�Ô�È�È�¸�¿�ÊI¾�Êj¶�¸>·%¶�¾ Û Êj¾�¾ Å�Ø ·%È�½ ÊIÃ>·�¿�¶F¸ ü ÊI¾ Å
Ô�¶FÐÓ½ Êj· ���X� Ä � å � ¶F¸�»�¶FÍ�ÐIÊjº¼»cÁ�¸���	�¶F¸ Úg÷ ÊI¶FÃ�¿�¶FÎD·%¶M·J¿1¹�¸�¹�Î Ï »DÊI¾ Ä ¿1¹�Ã�Ã�Ã�ÊIº¼»ð»�Êj¶�¸¯¿�¶�¸ Ø ¾:·%¶FÊIÐr¿�¶�¸
Ã�Ç 2 Å�
 É�Í�¸�ÊI¿�ÊjÃ�ÊI¶F¸�Î�¾DÁ@¿�¶�Ã�Ö Å�Ø ·%È�½ ÃHÕ�¶F¸�Á�¸���	�¶F¸�·r»1¹.· Ú:÷ ÊI¶FÃÌÃ�·%¶F»:·ÓÊj½
��ÊI¾DÔ�ÐI¹�¾�Á�½ Êj·�¿D¶�¸�Ô ç ¸�ÑF¶�¸�¶�¾
Ö Þ6Å û æ �4Å µÓÊI¾�¿�ÎD¾�Á�Ã�ÐIÙ�¾�Á�¶ Ä ¿�Êj¶�¶�Íî¶�¾ Ï ¹.ÐIÐIÃl¹.Î Ï ¶FÊI¾�¶F¾ì»���»�¶�¸�¶�¾ Æ ¶�»�¸ Ï ¹�º¼»�Í�ÊI¾D¿�Î�¾�Á�Ã�¹�¾:·%¶FÊIÐ�»�ÊI¾:ÒÓ¶�ÊIÃ>· Ú
÷ ÊI¶<ÎD¾�Á�¶FÒ���»�¾DÐIÊIº¼»'Ð�¹�¾DÁ�¶�¸�Ã�º¼»�¶�Êj¾�¶�¾D¿�¶�ÖL¾�å Å Ö ÞzÅ µ�Êj¾�¿�Î�¾�Á'ó Þ�ß�à Ä?æ � Ç�½ ö ¿�¶�ÃÓ¹�¾ ¿�ÊI¶���Ñ�ÊIº¼Ô Å ÑX¹�º¼Ô�� Å
ÖLº¼»�Êjº¼»�·�¶�¾
Á�¶FÍ�Î�¾�¿�¶F¾�¶�¾ �.Å,Æ ¶�¸�ºX¹�ÇD·�È�Ç:É�¸�ÊI¿DÊI¾�ÃÓÊIÃ�·�Ô�¶FÊI¾�¶aµ�¶FÃ�È�¾D¿�¶�¸�»�¶�Ê�· Ä ÒëÊj¶!¿�¶F¸;ËÌ¶�¸�Á�ÐI¶�Êjº¼» ½ Êj·
Íþ¶F¸�¶FÊj·%Ã�Íî¶�Ô4¹�¾D¾�·�¶�¾¯ËÌ¶�¸�ÍDÊI¾�¿�ÎD¾�Á�¶�¾ùóUÕ�Á�Ð ÚXõ ¹�Í Ú � Ú å ��ö ÑF¶�ÊIÁ.· Ú�� ½ Â�¶�Á�¶�¾:·%¶FÊIÐ Ä ¶�ÃgÃ�ÊI¾D¿¯¾DÈLº¼»aÒ�¶FÃ�¶F¾�· Å
ÐIÊjº¼»úÐIÙ�¾�Á�¶F¸�¶ìÖL¾ Å Ö Å8Ø Í�Ã�·%Ù�¾�¿�¶ Ä ÒëÊI¶aÑ�Î�½ µÓ¶�ÊIÃ�Ç�ÊI¶FÐ�ÊI½ õ ¸�ÊjÇ�»�¶F¾�É�ÐjÑ�ÊI¾D¾�ÊIÃ�ÈLºMÉ:¹�¾1¹4·B½ Êj· Þ.à�� Ä � ÇD½ Ä
Íþ¶FÔ4¹�¾�¾:· Ú
÷ ¹�Ã�Êj½ Âa¹�Ã�·�Ô4¹.·%ÊjÈ�¾ Õ�È�¸�ÐIÊj¶�Á�¶F¾�¿�¶ �4Å>Æ ¶F¸�ºX¹.ÇD·%È�Ç:É�¸�Êj¿�ÊI¾ÀÊjÃ�·�Êj¾ ¿�¶F¸@ËÌ¶�¸�ÍDÊI¾�¿�ÎD¾�ÁúïCÎ

F
ÖL¾ ý Ê�ÒëÊI¶

¹�Î�º¼» ÊI½ íBÈ�½'Ç�Ðj¶��
[
ü ó9û

5



5

�!Ö ö ó9û�� ö
5]

[49] Êj¾ ý È�¸�½á¶�ÊI¾D¶�Ã õ »�ÊjÈ�¾�Ã�Á�¶FÍ�Î�¾�¿�¶F¾ ó�Õ�Á�Ð Ú Ø Í�Í Ú � Ú � å
ý È�¸�½ µ ö Ú�� ¾ Íî¶�ÊI¿D¶�¾ ËÌ¶F¸�Í�Êj¾�¿�Î�¾�Á�¶�¾ Ã�ÊI¾�¿ ¿�ÊI¶ û Å � Å û Å�ü ÊI¾�Ô.¶�ÐCÊI¾Ý¿�¶�¾��xÉ�¸�Êj¿DÉ�ÐI¸�ÊI¾�Á�¶F¾âó�ÕLÁ�Ð Ú
õ ¹.Í Ú � Ú å�å ö Á�¸���	�¶F¸�¹�ÐjÃ�¿�ÊI¶Ì¹.¾1¹�ÐIÈ�Á�¶�¾ ü Êj¾�Ô�¶FÐ:ÊI¾ ÷ Ê Å>Þ6Å Ç:ÉL¸�ÊI¿DÉ�Ðj¿�ÊIÃ�Î�Ð��1¿D¶�¾ ó ���zß�� Í�ÊIÃ ���Xà���ö [54] Úz÷ Êj¶ Å
Ã�¶ Ø Î Ï ÒÓ¶�Ê�·%Î�¾DÁù¿�¶FÃ ü ÊI¾DÔ�¶�ÐjÃB¿D¶�ÎD·�¶F·�¹.Î Ï ¿�Êj¶ ��¸�È�·%È�¾DÊI¶�¸�Î�¾�Á ¿�¶�Ã!�xÉL¸�ÊI¿DÉ�ÐjÃ�·%Êjº¼Ô�Ã�·%È.è�¹.·�È�½ ÃC»DÊI¾ Ú
Û Î�½ ËÌ¶F¸�Á�Ðj¶�ÊIº¼» Íî¶F·%¸�Ù�Á�·Ì¿�¶F¸Ó¶F¾:·%Ã�ÇD¸�¶�º¼»D¶�¾�¿�¶¯û Å � Å û Å�ü ÊI¾DÔ�¶�Ð$Êj¾"�xÉ�¸�Êj¿�ÊI¾D»�É�¿�¸�ÈLº¼»DÐIÈ�¸�ÊI¿ �6Þ�#�� [55] Ú
÷ ÊI¶ Ö�·�¸�Î�Ô:·%ÎD¸ù¿�¶FÃ õ »�ÊjÈ�¾�Ã ÒëÊI¸�¿ ¿�Î�¸�º¼» ½'¶F»�¸�¶F¸�¶×½'¶FÃ�È�½ ¶�¸�¶ Â�¸�¶F¾�Ñ Ï È�¸�½'¶FÐI¾ ÒëÊI¶F¿�¶�¸�Á�¶�Á�¶FÍþ¶F¾
óUÕ�Á�Ð Ú Ø Í�Í Ú � Ú � å ö Ä ¿DÊI¶r¶�¾�¶F¸�Á�¶M·%ÊIÃ�º¼»J¾�ÊIº¼»:·HÙ�$�Î�ÊjÕ.¹�Ðj¶�¾:·�Ã�ÊI¾D¿�Î�¾�¿�Ã�È@¶FÊI¾�¶F¾�Î�¾:·%¶F¸�Ã�º¼»�ÊI¶F¿�ÐIÊjº¼»�¶�¾ µ�¶FÊ Å
·%¸�¹�Á'ÑFÎ�¸ë·¼¹.·�Ã%Ù�º¼»�ÐjÊIº¼»�¶F¾ÀÖ�·�¸�Î�Ô:·�Î�¸!ÐjÊI¶ Ï ¶F¸�¾ Ú$÷ ÊI¶�Ã�¶ õ ¹.·�Ã%¹�º¼»�¶�Ã�Ç�Êj¶�Á�¶FÐj·CÃ�Êjº¼» ÊI¾ú¿�¶F¾ Î�¾:·%¶F¸�Ã�º¼»DÊI¶�¿ Å
ÐIÊjº¼»�¶�¾cÖ Å û Å µ�ÊI¾D¿�Î�¾�Á�Ã�Ð�Ù�¾DÁ�¶�¾ Ä ¿�ÊI¶ ÊI½ �.Å>Æ ¶F¸�º�¹�ÇD·%È�Ç�É�¸�ÊI¿�Êj¾ Å õ ¶�ÊjÐxÁ�¶ Ï ÎD¾�¿�¶�¾kÒ�¶F¸�¿�¶F¾ Ä ÒëÊj¿�¶�¸ Ú%� ¾
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a�]�YzY�O2Qrd�_`[�_{[^]D_}|ZUT]I~�O2SNUT]5�DUTO2Q{�.��VXWz~��D��Q�Y�U�]�UTO7Q�t�O2]s�NUT]�]D_}MPO2Q�k�UT]IY�a�]�R�O7]�o

����� �%�����������������;��� �������l� ����� ��������� ����� �@����������� �¡����¢;��£<�¥¤��
¦�§0§0¨ª©�«­¬;®

¯
[
«v°²±^®

3

��� « �
6 ³ 12 ´ 2

° �
2

®
]
[50] ¦2µ�¶�¨ª·�«­¶;® ¦�§�¸�¨ª·�«­¹;®

¦�§�¶�¨ µD«­¬;®
¦�§�µ�¨ª¹�«­¶;®

º
[
«v°%±^®

3

��� « �
4 ³ 7 ´ � 2 ® ][51] ¦2µ0µ�¨ª¶�«}§�® ¦�§�¶�¨�§;«­¶;®

¦�§�¶�¨ µD«­¶;®
¦�§�¸�¨ª¹�«­¹;®

»
[
«v°²±^®

3

��� « �
6 ³ 6

�¼� ®
]
[52] ¦2µ�¶�¨ª·�«­¦;® ¦�§�¦�¨ µD«­¹;®

¦�§0§0¨ª¹�«­¹;®
¦�§�µ�¨ª¦�«­¶;®

½
[
«v°%±^®

3

��� « � °²±^®
]
[53] ¦2µ�¦�¨�§;«}§�® ¦�§�¶�¨ª¬�«­¶;®

¦�§�¶�¨ µD«Tµ�®
¦�§0§0¨ª¹

¾
[
«v¿ � ®

3

��� « ���.� ´ 2

�
6 ³ 4

� ®
]
[a] ¦2µ�·�¨�§ ¦�§0§0¨ª¸ §�¸2µ�¨ª©�§

¦�§�¶�¨ª¦
¦�§�À�¨ª¦

Á
[
«v°²±^®

3

��� « �
5 ³ 4

�¼� ®
]
[b] ¦0©;À�¨ª· ¦�§�·�¨ª¹ §�¸0©�¨ª¶0¸

¦�§�µ�¨�§
{[(Me3Sn)3Ru(CN)6(C5H5NS)]

− ¦0·0¬�¨¥À7µD«}§�©;® §0§�µ�¨ª¸0¶�«}§�·;®Â
[HNC5H4SSnMe3]

+} [∗] ¦2µ�·�¨ µ�¬�«}§�¬;® §�¸;À�¨ª¬2µD«}§�¹;®
ÃÅÄ ÆÇÃÅÄ�È{É�Ê�Ë¥Ì}Í;ÎfÈ�ÆÏÎpÈ`Ð>Ä�Ê�ËÑÌÒTÓ

6 Ô 12 Õ 2
ÃNÖ

2 × ÆÏØ�Í Ø�ÍÚÙ0ÍÚÙ�Ì­ÛDÈ{Ð>Ü}Ý�Þ¼È`Ð�Ä�Ê2ËÑÌ ß�ÌTÐ>Ä;àâá�ã0á�Ì}ä�Í å;ÍÚß�Ìvæ;àÑá�ã;Ý�ç;Ä�á�è.ç�Ä;á�ËéÝXÉ0Ì ß�Ì�Ð>Ä;àâá�ËéÝXÐ�á�ÌTê@É;àâá�ÉÒTÓ
4 Ô 7 Õ Ö 2 × Æ O

Ìvë è>á�ç;Ü�á�ç�Ê�Ë¥ÌÅæ0àÑÐ>Ä�àÑá0ì{Ý�Ü>í�á�É�ÝXÐ>á�Ì
S
Ì­ê%É�àÑá7ÉÒTÓ

6 Ô 6 î Ö × Æ*ß�Ì­ê%Þ¼àÑÉ�á�ç;Ä;È�É�Ê2Ëéè>ï;Ë¥ð�æÒ ç0Ì îñÕ 2

Ó
6 Ô 4
Ö × ÆÏØ�Ì î àÑÐ>Ü�á�ç;Ä;È�É�Ê2ËÑÐ>Ä�àÑá7ËâÝ�Ð>á�Ì­ò�àâó7Ý�É�æÒTÓ

5 Ô 4 î Ö × ÆÏØ�ÌvÃÅÊ�Ü>àéæ0Ê�Ë¥Ð�Ä;àâá�ËéÝXÐ>á�ÌvòDàÑó2Ý�É�æ
[a] ô Ý�Ð>È�É!õ²ï�Ü�æ0È�ÉrÞ¼àÑÐ.Ð�È{Ëéè%ÎfÈ{Ü}ì`ï�Ü>Êpä7ö ÷�È{Ü�Þ¼à¥Ð>Ð>È�Ë¥Ð ÒvÓ Ö ô*ø È{ùjÈ{Ü�È{É;ú îJû Û�ü ÓCý ê@þ ×
[b] ô ÝXÐ�È{É�õ²ï;Ü}æ0È{É!Þ¼à¥Ð>Ð>È�Ëâè%ÎpÈ{Ü}ì`ï;Ü�Êpä�ö ÷�È{Ü�Þ¼à¥Ð>Ð>È{ËÑÐ ÒTÓ Ö ôÿø È`ùjÈ�Ü>È�É;ú îñû Û�ÃNÖ î ÎfÃ ×
[∗] æ;àÑÈ�è.Èhê%Ü�í�È{àÑÐ

� ��kCO2STS�O��Io����*x�U�]�Y�m2a�� MPO7Q�R�S�O2U�VXW Y�U�OÇw�U�]�Y�a�]�R�x�Svy�]�R�O2] Y�O2Ql[�_{d�_
	hUT]I�.��VXW�k�U�]�Y�a�]IRZe � W�U���S­u
a�]IYlY�O2Q¼[�_{d�_
�!���
�CO2S�k�UT]IY�a�]�R e � W�U���]Åu��Dx��0n UTO!YIUTO�n�O7U�t�O2Q�O7Q�qsO7Q�V2���It�����iDQ�UTY�U�]^_}MPO7Q�k�U�]�Y�a�]�R�O2]
��a^� R�O7����WIQ�t�o���]

[(Me3Sn)3Ru(CN)6(C5H5NS)]−[HNC5H4SSnMe3]
+ R�UTkIt�O2xp��a�VXW*m7n�O2UPa�]D_

t�O2Q�x�VXW�UTO7Y�STU�VXW�O [�_`d�_`w�U�]�Y�a�]�R�O2]se.x�UTO2WIO � ��k�o���o�����u�o��!UTO��bU�t�E���F������
� O�t�n¼��x�~���Q�m7O2Q�O�[
�0_{d���F�_
w�U�]�Y�a�]IRÇk O7x�U t�m7t x����bU�t O2U�]�O2]¡W
��W�O7Q�O2]��!���
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TV¢IY�Z\[�£�R��Vm��
RXk a�� r�t�¢XLvz¤RUT~� � mITSrnRX�¥tIW�t��w¦�m�R γ
O���kwW#�IRX�§k
W¨rnRXW opd>c O�ZVZQO\jlk
Wnm�RXW `4� kwRX��r#RX�KML H O�KML � O�KMLn©�OQ��kwWn��RX� e H��-�G��J � � Y«ª{RX�=KMLGO g WGO�KML>O���kwW#�IRX�

α
kw|�T�kwW¬tI�w�
RXW­j�kwWnmIRXW¬m��
RXk a���® [�k
TH�¯I�#�����-�D° RXk a�� T{rnkwR�|VR�����k
Wn�IR��'|}T�t��V�±�I¦�[²kwr#R9tI�
RXW<�!R��}TlRXk
WnRX���
kwWnRXtI�VR�W³£�R��V�/W/´ c#µ LnW#m ` H � �-� etIz«Y#Z\W�rnR���z3RX�VR�k
TV|�z¤R��_tIWnW-T~R�W³tIW�tI�
¦�m�RXWu£�RX�Vz#kwWnrnL#Wnm<¶ `Qf R 3 g W e KML ` K�h e 2 · `4c-d ¢ e N [3] �
kwRXm�TMr�t1Om�R�m�RXW·R�kwWnRu�wk
WnR9tI�}R�£�R��V�/W/´ c#µ LnW#m¨�I¦�� ` �>m��QY o t�z�Y@©#Y J-�>� α
� H � �#���-� e YDZ\W o tIz3RX�
�wR�©nY J�� |Vk
WnrWnR�z¤R�W+r#RXW¸| a�� ¦�W¸RX� ° ��� W-T~RXW�x¹zn|�T � Wnr#RXW¸LnWnr³��kwWn��RX��rnk
RStIW�tI�
¦�m�RXW<x{zn|}T � WnrnRSLnW#r¸��k
Wn�IR��

k
[ o RUT~�~t a�d>a �
Ln|ºrnR��º¢XLn[»£�RX�}m��wR�k a��¥� RX�VtIWnm�R�¢X¦�m�R�WnRXWs£�R��Vznk
WnrnLnW#m [(Me3Sn)Cu(CN)2 · (pyz)]tIL µ m�R µ ´ � �}T9Y
¼M½ ?¾&º%'&
(¤¿¤À ��kwWn��RX��L#WnrÁx{zn|}T � WnrnR³k
[ o R�T~�Vt a�d>a �wLn|���¦IW [(Me3Sn)Cu(CN)2 · (cpy)]

LnWnr
[(Me3Sn)Cu(CN)2 · (pyz)] `4Â RX¢�RXk a�� W/LnWnm�R�W­tILn|Ãx{znz�Y�©nY ��� e Y

x¹zn|�T � Wnr#R±¶ c [�N [(Me3Sn)Cu(CN)2 · (cpy)] [(Me3Sn)Cu(CN)2 · (pyz)]R �-� © ��� �GH © ���
µ H���¯��G� � H��-���#���m H�J-���>��� H�H����G�
Hm#� H1���I�G��� H�J��I�#���

��kwWn��RX��¶ � N
[(Me3Sn)Cu(CN)2 · (cpy)] [(Me3Sn)Cu(CN)2 · (pyz)]

α
H�¯��G���I��� H � �G���

β
� �G� � �-� H��#HI���IJ

γ
H����G��J � � ���G��¯-�

γ
� H����G��J � � H�H��G�
H��

δ
H��-�>��J � � H�H1�>�
H1�

Â RUT~�Vt a�� T~R�TS[utIW¬|}k a�� r#kwR g R�k
TVRXWn� � Wnm�R�W µ z¤R�kwrnR��{£�R��Vznk
WnrnLnWnmIRXW � |V¦ ° RXk a�� RXW¨rnkwR�|VRsz3RXk@m��wR�k�O
a�� R��Ä£�RX�}�/W>´ µbc LnWnm ` KMLGO�K�hÃO g W>O�hÅKpO�KML e tIL µ m��VLnW#rÆrnR��ÄLnW-T~R��V| a�� kwR�rn�wk a�� RXW�KMLGO g WGO�KMLGO���k
Wn�IR��
Ln[ a tGY H�� c [Ç��¦IWnRXk
W�tIWnrnR���tIz�Y#ª¹RX��mI�VÈ�É�R��VRÅx{zn|}T~tIWnr ` m�zn¢ ° Ynm#� e ¢ ° kw| a�� RXW³rnR�W c tI�~tI�
�wR��wRXW¶ KMLGO\K�h�O g WGO\hÅKpO�KML N O�P�R�TVTVRXWvLnWnr¨rnk
R�� � WnmIRX�VR g RXk�T~R�R�kwW [(Me3Sn)Cu(CN)2 · (cpy)]

RX��O
m�k
z#T�|Vk a�� t�Ln|�rnRXW�Ê}R ° RXkw�
|ÃRXk
Wnm�RX|}R�TV¢�T~R�W Â t�|VRXW � r#kwRS|Vk a�� LnW-TVRX�V| a�� RXk
rnRXW«Y«ªÅt�|{©�O\Ë d �}kwrnk
WnWnk�T~�Vk
�k
|}T�Ln[ÌRXkwW#R¸K d tIWn¦_O�Í��VL cnc R³� � W#m�RX��t��w|�r�tI|�Ë d �~t�¢XkwW«YºZ\W [(Me3Sn)Cu(CN)2 · (cpy)]

|Vk
Wnr
|}¦ ° ¦ � �St��w�wR opd>c O�ZQO�j�kwWnmIR­tI�w|�tIL a�� tI�w�
R o�d>c O\Z}ZQO�j�kwWnm�R�LnW-T~RX�}RXk
W�tIWnrnR��<kwrnR�W-T~kw| a�� YÃx¹L a�� k
W
[(Me3Sn)Cu(CN)2 · (pyz)] q Wnr#R�T�[utIWukwrnR�W/TVkw| a�� R o�d>c O\ZQO\jlk
Wnm�R ` β O���k
Wn�IR���kw[ÇKMLGO c-d ¢ÎO�KMLGO
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�Mð�ó¾ênñ-òVðXì�è
ô���
nó
ðXý��
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nð ö ô}ånó
òVçXð���ó
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) ówð*��íIênð�ñ³î��wð�ó���
"!4í$���wô�ênñnð�ñný��
ó���
nð ö íIý�íIïuíIñ-ò+�Iówýnð ) ò~ì}ê��/ênìVð�ñ�í�ê"!,�-
nó
ðXì��3ðXó.�wó
ðXî�ð�ñ±ýnó
ð/�ló
ñnî�è üVü è
ÿpæ>å3ðXñ+ówï�ïuð�ì�í$��ò~ðXì}ñnówð�ìVð�ñný � ��ì úUûü ñSÿÄí$�3ð ���wð Ðnû�ø$' ôVówñ#ý=ð�ówñnó
î�ðºí�ênôVî�ð
�10#
��
òVð2��ówñ���ð �-ênñný � �nô}ò+0Iñnýnð � �Iñ [(Me3Sn)Cu(CN)2 · (cpy)]

íIñnî�ð�î�ð �3ðXñ û3� ówð54Mó
ñnýnênñ#î�ô���0Iñnî�ð�ñ ó
ñ [(Me3Sn)Cu(CN)2 · (cpy)] �wówð�î�ðXñ�ó
ñ ý#ðXï !76nì³ýnó
ðXô}ð
8 ðXì9�nówñný#ênñnî�ð�ñ:6"���wó���
nðXñ;4MðXì}ðXó���
<� � î$� û ÿ@í$� û�Ð#û�ø�=�úUû/� ó
ð>��ówñ���ð ��íIï ?Sê#å"!bðXì�è � ò+�Iï �¾ðXó�è
��
nðXñ çXê#ï ÿDðXó��¹ðXì�
#ð ���
ó���
 � ��ï ówýnðXí$�wð�ñ ÿ@ðUò~ìVíIðXýnð�ì9��ó
ñ��Ið��¥í#� û 4Mð�ô���ñný#ðXìVô+íIê"@A0$���wówîvówô�ò³ýnðXì
B

cpy
è�éMêGè B

cpy
èC��ó
ñ��Ið�� ö ýnðXì¾ïuó�ò =�ø#öD'#Ï1ù !4íIô�òMð�ówñnð�ñ�ìVð���
/òVðXñE��ó
ñ��Ið��.�nó��wýnðUò ûF� ð�ì�íIñní$����îIð B

pyz
è

éMêGè B
pyz
èG��ówñ���ð ��ówñ [(Me3Sn)Cu(CN)2 · (pyz)] �¤ðUò~ì�0IîIòvçXênï 8 ð�ìVî��
ðXó���
 =�=Gö�ø-ù ê#ñný ç�ðXówî�ò

0$
nñ��
ó���
<ô�ò�íIì9�Ið � �H�Mð�ó���
/ênñnî � ��ï ó
ýnð9í#�wðXñE�þðXì�òI� Ï�õ�=Gö�÷�ùBúUû
J,K àpÒÄÑ'Ò
ÓMLONQP ó
ñnówîIð�íIênô}î�ð��,0$
���ò~ðR��ówñ���ð ��ênñný � �#ô}ò�0�ñnýnðSówñ [(Me3Sn)Cu(CN)2 · (cpy)].

� ò+��ï�ð 4Mó
ñnýnênñnîIô��S0�î�ðXñ5T ånïVU � ò+�Iïuð ��ówñ"�Ið �WT ù U
éMê Ï è�é Ï Ï(=��Gö�õ � Ð/ú é Ï è�éMê Ï è B ø Ï9õ�'#ö ÐH= � ÏXÐ/ú
éMê Ï è�é � Ï(=��Gö�õ � Ð/ú é � è�éMê Ï è B ø ÏIÏ�õ#ö�õHX � ÏXÐ/ú
éMê Ï è B ø �Iõ$'#ö�Ð � ø-ú é Ï è�éMê Ï è B*Y Ï9õ-÷GöZ� Y � Ï9ø-ú
éMê Ï è B[Y �GÏ9ø#ö\X � ø-ú B ø è�éMê Ï è B[Y =�ø#öD'#Ï � ÏIÏ1ú
é Ï è B Ï Ï�Ï Y ö�õ � Ð/ú B � è ) ñ Ï è B Ï Ï(X�XGö Ð Y � ÏIÏ1ú
é ø è B ø Ï�ÏXÐnö
Ï � Ð/ú B Ï è�é Ï è�éMê Ï Ï]X�XGö Ð � ø�ú
) ñ Ï è B Ï �IøGÏ�öZ= � ø-ú é ø è B ø è�éMê Ï Ï Y =#ö�÷ � ø�ú
) ñ Ï è B � ���#=#ö Y � ø-ú é Ï�Ï è ) ñ Ï è B � =#Ï�ö�÷ Y � Ï9ø-ú
) ñ Ï è�é Ï�Ï �GÏIÏ�öZ= � ø-ú é Ï�Ï è ) ñ Ï è�é Ï(� Ï(�GÏ�ö Y Ï � ÏXÐ/ú
) ñ Ï è�é Ï]� �GÏ(�Gö\� � Ð/ú é Ï�ø è ) ñ Ï è�é Ï(� ÏIÏ('#öZ��÷ � Ï�÷�ú
) ñ Ï è�é Ï�ø �GÏIÏ�ö Y � ø-ú é Ï�ø è ) ñ Ï è�é ÏIÏ Ï(�Iõ#ö�õ�' � Ï�÷�ú

J,K àpÒÄÑ'Ò
ÓM^ON 8 ðXìVî$�wðXó���
+ý#ðXì¹éMêGè�épè ö éMê>è B è¾ênñ#ý­épè B è_4Mó
ñnýnênñ#î�ô���0Iñnî�ð�ñ+ó
ñ`0#
nñ��wó���
nðXñ ö �/ênåa!bðXì�è

�í$�
òVówî�ð�ñb?*�	��ìVý#ówñ�í�òVó���ñ#ôVåc���
æ>ï�ðXìVð�ñ û

8 ð�ì��nó
ñnýnênñnî éMêGè�é éMêGè B épè B ) ñGè B
[(Me3Sn)Cu(CN)2 · (pyz)] [61] Ï(=H�GöD' � Ð-ú �GÏ Y öZX � ø�ú Ï�Ï�ø#öD= � ÷Iú �IøIÐnö�Ï � Ð-ú

[Cu2(CN)2 · (pyz)2]
[62] Ï(=H� � ��ú �GÏ Y � Ï1ú Ï�Ï]� � ø-ú

[Cu3(CN)3 · (pyz)2]
[63] Ï(=#Ï�öD= � Y ú �GÏ�õ#ö�÷ � ø�ú Ï�Ï9Ð � Ï1ú

[(Me3Sn)Cu(CN)2 · (cpy)]∗
Ï(=H�Gö�õ � Ð-ú �GÏ�ø#öZX � ø�ú Ï�Ï9Ðnö�Ï � Ð-ú �Iø#Ï�öD= � ø�ú

[Cu(CN) · (cpy)] [64] Ï(=�õ#öZX � �Iú �GÏ]�GöZ� � �Iú Ï�Ï9Ðnö�÷ � ø�ú
∗ d(eZf9ghfjilkGm#f9eon
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plq�rQqh��q�r �I�
G � ����{����������I�5� · �9}�zA�����

�*�$���t�	 �¡�¢¤£¦¥a����¡�§t¨3©�¢9ª�¡ §«�$©"¬Iª�¡�­¯®�¡�°�±c¡ §t²� �°´³+¢+�µ³/��¥�§·¶,©
G ¸ §t¥�¢+�$§"®�¡�¹-�$¢9±.¡�§�¡Eº/¢9 �¬9³+�$°´»

°�¡I �¬9¥�°� �¡ ¢¼³~½ ¸ ����¥�§5ª� �¡��$±H¨�¡  �����¡ §�ª"¡¾²M�$¢9±.¡¤ª� �¡�¬�¡�¢RºR¢9 �¬¼³��$°�°�¡¾¿G¶,©
G ¸ §�ºR¢[±.¡�¬9³+¡��H³I�#©�¬�®�¡�°�±c¡ §

Àj°SÁµ³�³+���"¡ §MÂ3°� �¡�Ã&�$¡ ¢9­�©"³+¡�§QÄQª��#¬�¬[¡�¬�¬� ������� �¡ ¢�±c¡  �©�­Å¡  �§�¡��#§�ª�¡ ¢9¡IÆW¡ ¢9±� �§"ª�©�§�®E���$§�ª�¡�°�³~½.Ç[ �¡
È3É�§H³+®�¡�§�¬9³�¢�©�ÊH³�©�¢+�$§��$°�Ë	¬�¡V±c¡ ¬¼³�Á#³� �®$³�¡�ª� �¡�¬�¡�ÆW¡�¢�­�©"³�©�§�®�ÌA¡ ¬R���#³/¬9 ����5ª��$¬/³�¢� �­&¡�³��HËa°�Í  �§�§"¹7¢�¡� �¡
ºÎ¥a¥�¢9ª� �§��#³+ �¥�§�¬�Ïc¥�°´Ëa­&¡ ¢

[Cu(CN) · (cpy)]
®�¡ ±� �°�ª�¡
³~½.ÐA©�¢[ºR¢9 �¬¼³��$°�°� �¬��#³+ �¥�§E¨3©�¢9ª�¡�ª��$¬[²� �°´³+¢��#³

�$§Ñ¡  �§�¡ ­Ò®�©"³R±c¡ °�Óa¹Ô³+¡�³�¡ §tÕ�¢9³Ö¿7�	®�°h½l×R¡
¹-�$��¢9¡ §��� �§H¨,¡� �¬�¡��$¥�§ÙØ`¡
3 ¸ §M¶,°SÂ��$©"¹7±c¡�¨,�$��¢9³ ½�Õ�Ú.¡ §	»

¬9 ����H³+°� ����¾¨,�$¢1§��$���Ö�	 �¡�¢�£¦¥a����¡�§QÄ"ª"©�¢�����ª� �¡[°�¡  ����H³�¡�²�°�Ó����H³+ �®$Ê$¡  ´³�ª�¡ ¬3ØÛ¡
3 ¸ §M¶,°hÄaª" �¡ ¬9¡ ¬1§" ����H³

­&¡ ��¢Î��¥�¢9���$§�ª"¡ §Ñ©�§�ªÜ¡ ¬[±� �°�ª�¡�³�¡I¬� ����5¬9³��µ³�³�ª"¡ ¬�Ø`¡
3 ¸ §a»����$°�³� �®�¡�§�¡  �§ÑØ`¡

3 ¸ §a»C¹7¢9¡  �¡�¬�ºÎ¥a¥�¢9ª� ´»
§��µ³+ �¥$§�¬�Ïc¥�°�Ë	­&¡ ¢��#©�¬ ½
Ç[ �¡ ¸ ³�¢�©�ÊH³�©�¢I��¥$§

[Cu(CN) · (cpy)]
¨3©"¢�ª�¡E¡�¢�¬¼³+­¾�$°�¬���¥�§·¶,¢9¥�­¾¡�¢I©�§"ª«Ý��#¢�¬�¥$§ [64] ®$¡ °�É$¬9³~½

Ç[ �¡Eº/¢� �¬9³+�$°�°�¡�¨3©�¢�ª�¡�§Ùª��$±c¡  �ª�©�¢9���·ÐA©�®H�$±c¡Ö¡� �§� �®�¡ ¢RÞ�¢�¥�Ï"¹7¡�§Ù¡  �§�¡ ¢�®�¡ ¬�Á#³�³� �®$³�¡ §QÄl¨,Á$¬�¬9¢� �®$¡ §
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¬9 ����QÄ�ª��$¬9¬�¡ ¬�¬9 ����t¨3 �¡Ö�#©����Ù±.¡� 

[(Me3Sn)Cu(CN)2 · (cpy)]
©�­ä�$ª��#­Ö�$§H³�¥� �ª�¡¾�*¡
³+Í
¨,¡�¢�Ê$¡
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â,¡� �¬9Ï� �¡�°�¡���¥$§ ¸ ³�¢�©�ÊH³�©�¢�¡�§`­& �³3�#ª��$­¾�$§H³+¥� �ª�¡ §Û�*¡
³+Í
¨,¡�¢�Ê$¡�§Ü�$©"¹7®$¡�¹7Ó���¢¼³~½
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3 ¸ §a»����#°�³+ �®�¡ §ÎÆW¡ ¢9±� �§�ª"©�§�®�¡�§
[(Me3Sn)Cu(CN)2 · (pyz)]

¿7à[±�±Q½ ß ½ �$ã ¿-�HÂ�Â
©�§"ª

[(Me3Sn)Cu(CN)2 · (cpy)]
¿7à[±�±A½ ß ½ �$ã ¿7±MÂ�Â�ì9¡
¨,¡� �°�¬3­& �³3ª�¡�§ÜØ`¡

3 ¸ §a»C¹7¢9¡  �¡ §Ûº*¥	¥�¢�ª" �§��#³� ´»
¥�§"¬9��¡�¢�±� �§�ª�©�§"®�¡ §

[Cu2(CN)2 · (pyz)]
¿-à*±�±Q½ ß ½ �$ã ¿-�~Â�ÂO©�§�ª

[Cu(CN) · (cpy)]
¿7à[±�±A½ ß ½ �$ã ¿-ªMÂ9Â
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ª� �¡b×/ �³�³�¡ ¢9ª�©�¢����"ª�¢� �§�®�©�§�®Ü©"­ð¡  �§·×R ´³�³�¡ ¢¤�$¡ ¢9¢� �§"®�¡ ¢¼³~½2å�§«Þ��$±.¡�°�°�¡ ß ½ ßHñ ¬� �§�ª«ª� �¡ ¸ ¡  ´³+¡ §"°SÁ$§a»
®�¡�§ò¿G¶,© · · · ¶,©a»�à*±�¬9³+Á$§�ª�¡~Â¾ª�¡�¢E¬�¡�¬�¬�¡�°�¹7É�¢9­¾ �®�¡ §óÈÎ �§�®�¡` �§óª"¡ §ôÞ�¡�³+¢��$��Ë	��°�¡ §ôÍ�©�­ ÆW¡ ¢�®$°�¡  ����
�$©a¹7®�¡�¹7Ó��"¢9³~½
£õ �¢�ªÖª��$®�¡ ®$¡ §�ª�¡�¢,à[±"¬9³��#§�ªÑ¿G¶,©a»�î*¡
³+¢�¥	��Ë	��°�©�¬_»¼¶,©MÂ�ª"©�¢�����ª�¡�§�íj �§�¬��#³+Í*¡  �§�¡ ¢�°SÁ$§�®$¡ ¢�¡�§�â1�$¬9¡
¨3 �¡Î �§¾ª"¡ §¾ÆW¡�¢�±� �§�ª�©�§"®�¡ §

[(Me3Sn)Cu(CN)2 · (pyz)]
©�§�ª

[(Me3Sn)Cu(CN)2 · (cpy)]
��¡�¢¼»

®�¢9É�Ã�¡�¢9³[¿-±c¡  �§��#��¡ Í�©E®�°�¡� �����¡�¢Î¿G¶,©a»_¶1�3» ¸ §a»_�[¶�»¼¶,©MÂC» ¸ ¡� �³�¡ §�°�Á$§�®�¡~Â
ÄH¬�¥�¡ ¢9��É��H³�¬� ����¾ª� �¡3à*§�Í~�$�"°
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���	�
[(Me3Sn)Cu(CN)2 · (pyz)] [61]

�����
[(Me3Sn)Cu(CN)2 · (cpy)]

�����
[Cu2(CN)2 · (pyz)2]

[62]
� �!�

[Cu(CN) · (cpy)] [64]

��"#�
[Cu3(CN)3 · (pyz)2]

[63]
�%$&�

[Cu2(CN)2(bpy)2 · 4(bpy)] [65]
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£N����¤���¥�¦�§�¥�¨s�a¥ ©X©�ª

«3¬ ¤f��������­¯®�°3±a²r³ · · · ´ ²�°3±a²&µ·¶/¸�¹?ºX»L¼/½{¾=»À¿ÂÁLÃUÄ¯¾ Ã`Å�½5¹#ÆCÇXÈrÉaÈ5Ê=±/¸

Ë ½5Æ#¶/¾ »/¼/±/»LÌ Í�§*²r³yÎ ´ ²#ÍÏ§ ÍÏ§¯²t³Ð°SÑ ´ ²#ÍÏ§ ÍÏ§*²r³�Ò3ÇX¸#½ ´ ²#ÍÏ§
[(Me3Sn)Cu(CN)2 · (pyz)] [61] ©JÓAªXÔLÕ×Ö�Ø ² ªa©pÙ/Õ×Ú

[Cu2(CN)2 · (pyz)2]
[62] ² ÙAÔAª�Õ×Û ªXÓAÖaÕÜÓ

[Cu3(CN)3 · (pyz)2]
[63] ÔXÝAªaÕÜÛLÞ ÖXÓKÓaÕßÚ ªXÓAÚaÕÜÓ

[(Me3Sn)Cu(CN)2 · (cpy)]∗
©JÓKÛKÔaÕ×Ý a ² ÔAÖ�Ù/Õ×ª

[Cu(CN) · (cpy)] [64] ² ÖXÓXÙLÕ×à ÔXÙAÝLÕÂÙ
[Cu2(CN)2(bpy)2 · 4(bpy)] [65] ² ÙKÔKÛLÕÜÓ�ÙAÔKÔLÕÜà ©K©JàAª�Õ×àá©K©pàKÔLÕÜÓ
â&ãmämå:æ	çtè�éßêpëyìví

3 î èJë�å:æ	çtè�éßêï ãmämå:æ	çtè�éßêpënå:ðJë�å:æ	çtè�éßê
∗

êJé×í�ñ�íkò�óÐô�í�éÂõ

¼/½5ÆP¸#¾=È?ö|¼/±/Æ�È?ö/¼/Æ�¾=»/ÌK½5»/¼/½5»YÑE½r¹C÷rø3½5Æ#ùX½W±/Ãú½5¾=»/¸5û/üKýK»|¼/Æ#½5¾�ÇX±Lþ�ü�¾=½	Æ5ÿ
µEÊ=Ê=ÌX½	ÃU½	¾=» ù!ÇX»/»wÃdÇX» ¼L¾=½GÅcöL½	¸#½ÀÇX±aþ�¸�¹C½5Ê=Ê ½	»*Õu¼iÇX¸�¸á¸#¾ È?öw±/Ãd¸�ý ÃU½	ö/Æ � ¾�¹#¹C½5Æ ¼/±LÆ#È?ö/¼/Æ�¾=»/ÌX½	»
ù��K»/»/½5»*Õ���½|ÌKÆ����K½	Æ�¼/¾ ½Y°3±�²r³ · · · ´ ² °3± µE¶/¸�¹CºX»/¼/½[¸#¾=»L¼*ÿ
	·½	ÃU»iÇXÈ?ö Ã��
�X¹C½^½5¾=»/½^ø3½5¾ ¹#½	Æ#½ Ë ½	Æ ²
Ê=ºX»/ÌK½5Æ#±/»/Ì8¼/½5¸��E½5¹#½	Æ�ýaÈrÉaÈ5Ê=±/¸�÷5±/Ã Ò3½5¾=¸#ÁL¾=½	Êc¼L±/Æ#È?ö Ë ½	Æ�ø3½5»/¼/±/»/ÌÀüKýK» Ù/ÕÂÙ
� ² Ò3¾ Á�É�Æ�¾=¼/¾ » ³n¶/ÁAÉ ´
¼/¾ ½·µE»/÷pÇXöLÊ-¼/½5Æ3¸#¾ È?ö
¼/±/Æ�È?ö/¼/Æ#¾ »/ÌK½5»/¼/½	»-Õ/ÇX¼iÇ�Ã ÇX»A¹#ýK¾=¼/½5»áÑ1½5¹C÷rø3½5Æ#ù�½{øf½	¾�¹C½5ÆS½	Æ�ö
�Kö/½5»*ÿ��a¾ ½	¶�½	Ê [3]
½5Æ#ö/¾ ½	Ê ¹���½5¼/ýaÈ?ö ¶�½	¾�¼/½5Æ��EÃU¸#½r¹C÷5±/»/Ì üXýK»8°fÉAÇ�»/ýaÈ5±/Á/Æ#Ç�¹����|½

3

�a»s°3Ê�Ãd¾�¹1¶/ÁAÉG½5¾=»/½ Ë ½	Æ�¶/¾=»/¼L±/»/Ì
¼/½5Æ��-±/¸CÇ�ÃdÃU½	»/¸�½5¹#÷	±/»/Ì

[(Me3Sn)Cu(CN)2 · 1
2
(bpy)],

¼/¾ ½�ùX½5¾=»/½NÇX¼/ÇXÃ Ç�»�¹#ýK¾=¼L½ � ¾ ¹#¹#½	Æ�¸�¹CÆ�±/ùK²
¹#±/Æ Ãd½5ö/Æ ¶�½	¸CÇ��/Õ ¸#ýK»L¼/½	Æ�» ÷5±/Ã ¼iÇXÃdÇXÊ ¾=ÌK½5»��-½	¾�¹CÁ/±/»Lù�¹�½5¾=» Æ�½	Ê Ç!¹C¾ üm»/½5±/½	¸���¹CÆ�±/ùA¹C±/Æ�½	Ê ½	ÃU½	»A¹
ÇX±aþyøP¾=½	¸W³yüaÌXÊÐÿLµE¶/¸#È?öL»/¾ ¹�¹·Ù/ÿÜàLÿ×Ú ´ ÿ
� ¾=»L½��¯¾�¹C½	Æ#Ç�¹C±LÆ#Æ#½5È?ö/½	Æ�È?ö/½À÷	½	¾ ÌX¹pÕ3¼iÇX¸#¸|½	¸ ��½ »iÇXÈ?ö!	�ÇXÆ�¸�¹C½5Ê=Ê ±/»/ÌK¸�Ãd½r¹Cö/ý�¼/½ ±/»/¼ ½	¾ »/ÌK½5¸#½5¹#÷5¹#½	Æ
¶/ÁAÉA²"�|½	»/ÌK½ ü�¾=½5Ê=½�ÕGüK½5Æ#¸#È?öL¾=½	¼L½	» ¸�¹#��È?ö/¾=ýXÃd½r¹CÆ#¾ ¸#È?ö ÷5±/¸CÇXÃUÃU½	»/ÌK½5¸#½r¹C÷5¹#½ °fÉAÇX»/ý�È	±LÁ/ÆCÇ�¹�²R¶/ÁAÉA²
Ë ½5Æ#¶/¾ »/¼/±/»/ÌX½	»GÌX¾=¶L¹ [63, 65] ÿ$	E¾=½	¸�½	¸EÌK¾=Ê�¹P»/¾=È?öA¹E»�±LÆ1þ%�/ÆP¼iÇ�¸E¶/ÁAÉXÕ:¸�ýK»/¼/½5Æ#»YÇ�±/È?öGþ%�/Æ1ÇX»/¼L½	Æ#½&�E½t²
¹#½	Æ#ý�È5É�È5Ê=½	»vøP¾ ½ ÷	±/Ã Ò3½	¾ ¸#Á/¾ ½	Ê�þ%�LÆ(' É�Æ#ÇX÷	¾ » [62, 63] ÿ*)R»N¼L½	Æ Ë ½	Æ�¶/¾=»L¼/±/»/Ì

[Cu2(CN)2(bpy)2 · 4(bpy)]

[65] Ê=¾=½5ÌX¹{¹?Ç�¹#¸CºXÈ?öLÊ=¾=È?öÀ½	¾ »/½áÇ�¼iÇXÃdÇX»A¹CýK¾ ¼/½ � ¾�¹#¹#½	Æ#¸�¹CÆ�±/ùA¹C±/Æ{üKýKÆ5Õ�Ç�Ê=Ê=½5Æ#¼/¾ »/ÌK¸v¼/±LÆ#È?ö/¼/Æ�¾=»/ÌX½	» ¸�¾=È?ö
ö/¾ ½	Æ ù�½	¾=»L½Sþ%�/»Lþ � ¾ ¹�¹C½5Æ�øP¾=½c½5Æ�ø3ÇXÆ�¹#½5¹	ÕA¸#ýK»/¼L½	Æ#»d½	¸ Ê ¾=½	Ì�¹ ÌK½	»/ÇX±�½	¾=» � ¾ ¹�¹C½	Æ�üKýKÆ5ÕK¾=»�¼/½5¸#¸#½5»+�1ýKö/Ê�²
Æ#ºX±/ÃU½	» ÷5±/Æ,��¹CÇX¶/¾=Ê ¾=¸�¾=½	Æ�±/»/Ì8Ù/ÕÂÙ
� ² Ò3¾ Á�É�Æ�¾=¼/¾ » ½	¾ »/ÌK½5Ê ÇXÌK½5Æ�¹U¾=¸�¹pÿ
)R»

[Cu2(CN)2(bpy)2 · 4(bpy)]
Ê ¾=½	Ì�¹c½	¾ »|¸�¹?ÇXÆ�ù üK½5Æ#÷5½	Æ#Æ�¹C½5¸	Õ:ÇX¼iÇXÃdÇX»A¹CýK¾ ¼/½	¸ � ½5Æ-�/¸�¹1üXýKÆ	ÿ
�[¾�¹

trans
²RÙ/ÕÂÙ
� ²Rµ·÷5ýKÁAÉ�Æ#¾=¼L¾=»�¾=¸�¹f½5¾=»/½/.v±/ÁLþ�½5Æ�² Ë ½5Æ#¶/¾ »/¼/±/»LÌ
³n¼/ÇX¸

[{Cu(azpy)2}+{ClO4}]−) [66]

¶�½	ù!ÇX»/»A¹	Õ¯¼/½	¸�¸#½	»0��¹CÆ�±/ùA¹C±/ÆN¸#¾ È?özÇX±L¸{þ%�L»LþS½5¾=»iÇX»L¼/½	Æ{¼/±/Æ�È?ö/¼/Æ�¾=»/ÌK½5»/¼/½5»*Õ�±/»/ö�¶/öiºX»LÌK¾=ÌK½5»*Õ�ÇX¼iÇ�²
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U�V�W?X-Y�Z\[^]*W`_�]aX#bdce]af-g�]*W0Vihkj%l�Vih^X*m�noZ\]ap-]rqs]*f�l
Z\W^[
h
W
tLguViW
W+v�]*[^YkwyxzW
Z7wyx?X{U�]*x^f|b*hz[
]*f|x^Z\]*f
[
Z\p�g?h^X#Z7]*f�X-]*Wz}|f-h^~
~�]���Y�W�x
]aX-]*f-Yi�\]*~kX#Z\p�wyx
]*W�qs]af-l
Z7W
[
h
W^t�]*W`t�]ab��ix^�7X�ce]af-[
]aW���[�V�]ap�p-Z7wyx`[�Vu�
l�]aZ�h
U�]*Z7W
]o��_���j%f�]*Z7]���Z7f�X"�"}{Vip�X"��qs]*f�l
Z\W^[
h
W
t|U�Z7XsguV�X-Z\Y�W
Z7p-wyx
]aU�}|Z7X-X-]*fsx�ViW^[
]*��X��=[�Vip
[
h
f�wyx
� W
Z7Y�W
]aW�Z7W,[
]*W;�/Y�x^�\f#��h
U�]aWLp�X#Vil
Z\�7Z\p�Z\]*f"Xec�Z7f-[�m
� U�[
Z\] � h
p�c�Z7f-g?h
W
t�]aW�[^]*f�}{Z�X-X-]*f#V�W
b�Vix^�eh
W
[�[
]af � l
p�X#�iW
[
],bah
]*Z7W�ViW
[
]af�b*h�l�]a�\]ah
wyx=X#]*W��
c�h
f-[^]*W�[
Z\]+p"X#f�h
g=X#h
f�]*�\�7]*W���Z\t�]aW
p-wyx
V�j�X#]aW�[
]af ��]af-p-wyx^Z\]*[^]*W
]aW¡ /YTY�f-[^Z\W�V�X-Z\Y�W^p-~CY��7¢TU�]*f-]�U�Z7X
[
]*f�]*W�noZ\wyx=X-]*Wz��]*f�t��\Z7wyx
]*W�m�£¤W�¥NVilC]*�7�\] ¦
m§¦ 1 p�Z\W
[z[
Z7]��ehk�d¨ · · · © �ª�ehk� � l
p�X#�iW
[
]rbdc�Z\p-wyx^]*W9lC]d�
W�Viwyx?l�Vif"X#]aW;_�]aX-bac«]*f-g�]*W��$p�YAc�Z7]|[
Z\]ogTf�Z\p"XyVi�7�\Y�t�f-Vi~
x
Z7p-wyx
]aWLnoZ7wyx?X-]*W,[
]af�qs]*f-l^Z\W
[
h^W
t�]*W,V�W
t�]d�
t�]*lC]*W�m
¬e­ M
5®4(5¯4Q°$± �ehk�d¨ · · · © �ª�ehk� � l
p�X#�iW
[
]²bdc�Z\p�wyx
]*W l�]aW�Viwyx?l�Vif"X#]aW _�]aX#bdce]af-g�]*W ¨��kti�³m � l
l�m

¦
mµ´�¶�¨Dw ©-© h
W
[�[
Z7]{noZ\wyx=X#]aW�[
]af�]*W=X#p�~
f-]awyx
]*W
[^]*Wz /YTY�f�[
Z\W�VuX#Z\YiW
p-~CY��7¢TU�]*f�]im
�eh(¨DV © · · · �eh(¨D[ © �eh(¨Dl © · · · �eh(¨%[ ©�· noZ\wyx=X#]�¸

qs]*f�l
Z\W
[^h
W
t ¹ ~^U�º ¹ ~^U�º ¹
g

cm3

º _o»

[(Me3Sn)Cu(CN)2 · (pyz)] [61] ¼ ¶ 2 � 1 ´ 2 ¦^�µ½ 1 � 2i¾ ¦ ¶
[Cu2(CN)2 · (pyz)2]

[62] ¼ ½ ¾ � 2 ¼ ¾ ¶k� ¼ 1 �µ¿i¿ ¾ ½
[Cu3(CN)3 · (pyz)2]

[63] ´�´ 2 �À´ ´i¶�Ák�À¶ 1 �ÀÁiÁ 2 ½
[(Me3Sn)Cu(CN)2 · (cpy)]∗ ´ ¼ ¾ � ¼ ¿ ¾ ½T� ¼ 1 �µ¿i´ 2 ¦

[Cu(CN) · (cpy)] [64] ¼ ¾�2 �À¿ ´i¶ ¼ �µ´ 1 � 2 ¶ ¾ ¶
Â"Ã�ÄTÅ�Æ�Ç · · · Ã�ÄkÅ�ÈuÇQÉ�Ã�ÄTÅ�Ê-Ç · · · Ã�ÄkÅ�ÈuÇË ÆiÌ"Í³Ì�Ê�ÎAÏAÌ"ÐHÌ�ÑNÒÀÊ�Î*ÐHÌÓQÔ É`ÕQÏAÖ�×dÎAØTÈ3Ì�Í(ÙDÒµÊ�ÎoÈAÄAÍ³Ê�Î�È3ÍHÒÀÏAÚaÌ"ÏuÈ3Ì�Ï Ó ÌªÐ³Ö"Û�Ì"Í³ÜdÌ
∗
È3ÒÀÌ�ÙHÌ�Õ(Í³Æ�Ì�Ò§Ð

Ý Z7X�´�´ 2 �À´�~
UÞh
W
[ß´i¶�Ák�À¶`~
UÞZ7p�X�[
]af��ehk�d¨ · · · © �ª�ehk� � l
p�X#ViW
[�Z\W [Cu3(CN)3 · (pyz)2]
ViU

g?�\]*Z7W
p�X-]*W�h
W
[�Y�l=ceY�x^��p�Z\wyx�W?h
f�bdce]aZ�}|Z7X�X#]afr[
h
f-wyx^[
f-Z7W
t�]*W��
Z7p�X�[
Z7]*p�[
Z\]+qs]af-l
Z7W
[
h
W^t9U�Z7X
[
]*f/t�f-àiáiX#]aW�noZ7wyx?X-]im�noZ\]�g?�\]*Z7W
p�X-] noZ7wyx=X#]�lC]*p�Z7X-baX�[^Z\]{qs]*f-l^Z\W
[
h^W
t+U�Z7X�[
]*f/t�f-àiáiX#]aW � W^b�Vix
�
ViW�p�Z\wyx�[
h
f-wyx^[
f-Z7W
t�]*W^[
]*W,_�]aX#bdce]af-g�]*W�â
[
Vip [(Me3Sn)Cu(CN)2 · (cpy)]. qsY�W+Vi�7�\]aW�lC]*guViW
WT�
X#]aW`noh
f�wyx
[
f-Z7W
t�h
W^t�p-p"X#f-h^g?X-h
f-]aW�l^Z\�\[^]*W�[
Z7]ªv�]aW
Z\t�]aW`Vih^j
ãeVip-Z7po[
]af|Vi[�ViU�ViW=X#YiZ\[
]aW�_/]dX#ba] [
Z\]
t�f-àiáiX#]� |�äVip�p-]�m(�sp�p-Z7W
[�qs]af-l
Z7W
[
h
W^t�]*W�l�]ag�V�W
W=X��(Z\Wå[
]*W^]*Wæp�Z\wyx9l^Z\p{b*h�W
]*h
W9Vi[�ViU�ViW=X#YiZ\[
]
_/]dX#bac«]*f�gi] [67] [
h
f�wyx
[
f-Z7W
t�]aW;g�à�W
W
]aW���c�Z\]|Z\W ¹ � t$¨%¦
�§¦
çè�¤ãeZ\~^x
]*W=¢T�\[
Z7w�Vif�l�YiW
Z7X-f-Z\� © 2 º�¨Hés» 6 © [67] m
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 � �"!$#$% �'&)()* � � ! ��
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,.-0/2143657368'9)8;:<361>='?A@287/236-B3614-23DCFEG-2H63JI�3K1ML23ONFPF-RQS3K8;:214-2/2@2-2CG36-0/2145;TU@V=W14368�=YX<1M-Z?[36\4]^L236-B/23K8
_[` EG-2Pba.cd14CeEG-2/fHK?[361hgZ3i=^EG\4\jEb=;PFkl3'\M1M-V3YEG8mNG368;:V8;n2]^Te=poqgra _ ≡ s → gutwvyxzEb@2]^L{14-Z/23K8�cd1>=W3K8WEb=;@28| -V/236-u5;1M]^LB?[3614=;36873~}�3K1M57�21M3K\M3�/�Eb��nV8 [68] ��� PfT�EG-2-�k~Eb-�LV1M368�571M]^L23K8;\M14]^L0NFPF-u361M-V368�CF3K?[�FL2-V\M1>a
]^L23K-�QS3K8;:287n2]^TU@2-2C���n28J/214365;3�9)87=p/23K8p�)P�PF8;/V1M-�Eb=;1MPF-V5;�<PF\ ` k�368;3�5;�V8;36]^LV36- � � 1M-23r}[365;PG-2/2368"a
L23K14=�/23K8D��@2����3687NG3687:21M-2/V@2-2CF3K-�57=;36\4\4=�/2143r� _ @

2

o
µ2

a _ s v 2 � a.I)EG@�=W3�/�EG8KX+1M-B/23K8�3K1M-23 µ2
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[(Me3Sn)2Cu2(CN)4 · (dpeH)]

 ���1
[(Me3Sn)2Cu2(CN)4 · (dpe)] 354 ���6,7)98�:;�< 2:=:;�?>#���?># ����@���%'A)B�! �"C,.-2-���(ED
1� ����GF 3IH�H  ���1J,.-2-���(�1� ����GF 3IH!K '��?>/L�8�> 3 # M "/N
:;:;�%)+>#���OL��?>/$7�P��12)+�%"Q,7)98�: 3

[(Me3Sn)2Cu2(CN)4 · (dpeH)] [(Me3Sn)2Cu2(CN)4 · (dpe)]

,7)+8!:=� RS����1� 2����"9(�&!�����GTVU�:GW ,7)+8!:=� RS����1� 2����"9(�&!�����GTVU�:GW
X  ��%D X7Y # � K ��Z K\[ Y�] X  ^�%D X7Y � K �
ZI� [ F ]X  ^�%D X � � K F�Z_F [ Y�] X  ^�%D X � � K �
ZI� [ F ]X  ^�%D X F �PFa`2ZI� [ Y�] X  ^�%D X F �!`2��ZI� [ Y�]X  \��D X � �PFa`2Z*� [ Y�] X  \��D X � � H!K Z K\[ Y�]X  \��D X � � K �
Z_F [ Y�] X  \��D X � � K ��Zb` [ F ]X  \��D X F � K �
Zbc [ Y�] X  \��D X F � K �
ZI� [ F ]X �%Dedf� ���gF�Z*� [ F ] X �%Dedf� ��� Y Z K\[ F ]X ��Dedh� ��� H Z H�[ F ] X ��Dedh� ��� H Z Y [iH ]df�OD/j
��� � Y �
Z_F [ Y�] df�OD/j
��� � Y ��Z_F [ Y�]dh�
D/j
�k� � Y `2Z*� [ Y�] dh�
D/j
�k� � Y H Zbc [ Y�]X  ��%Dld.� �!m H Z*� [ Y�] X  ��%DldQ` �!m!F�ZI� [ Y�]X  k��DldQ` �!m H Z*� [ Y�] X  k��Dld.� �!m!F�Zbm [ Y�]X �!`nD X ��� � H ��Z K\[ F ] X `�`nD X `a� � Y�Y Zbm [ F ]X  �� · · · X  k� �P` Y Z Y H�[iH ] X  �� · · · X  k� �!� H ZI� K\[ ` ]d.` · · · dh� K �P`2Zo� d.` · · · dh� K Y c2ZI`

1� 2>9p0'\�! 2"qL��?>#"9p0'����?1��%���Qrs�!p%>98<p%N<p?(��?�G�! �"%Z!1����7�! 2"t ��a)+�%>9"#p0'����%1�(���p0'GL<���?(��%�u,7)98�:=�%�v-w�%"#)9�?'��%� 3�����=$��%��)+�%>9�%"xR��?��"9U����?( [63] y{z >S1����.|Q�! 
)+�?�A-���(�1� 2���u��"#)7���},Q-�-���(�1� ����fF 3 `a�f1\�!>#���?"/)+�%(�(�) 3 R��?:;�?>lD~ �?��"/$��%>#)x��"#)�'����%>9-��?��Z�1\�!"#"S8�-a$S8�'�(�1�������(��?��p0'���R7�!"#�.�!(�"Sj
U\�!p%�?>�L��?>/$��%��1��O)7$���>#1�Za"9��p0'}���;,.-<D
$S�?"#�?��'��%��)�L�8��ur��
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j
�
Dl������'��?�*)+�%���%�������a�P�����!��1��%>9����>9��"#)0�P(�(�"/)+># ~ )+ �>��P �"9-���(�1��O) 3 r��!���?> ~ �?���a)
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|��! 2)9�?�J-w�%"9��)9�%)?Z\1�����$��������

[(Me3Sn)Cu(CN)2 · 1
2
(bpy)]

�P(�(��.���
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De��8�"#��)9��8����? 2:�rs�!p?>#8PD
pON
p%(� �"S"#)9�?'��%� 3 ,. 2p0'�'����%>S-��?"/)+�%'A)71��?>���>#��"/)0�!(�(k�! �"��O$��%�^"#��p0'�1� 2>9p0'�1�>#�����!�?��1��%��dQ�O)+�%$S�?> ~ �%�
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[(Me3Sn)2Cu2(CN)4 · (dpe)]
 2��1

[(Me3Sn)2Cu2(CN)4 · (dpeH)]��� y  ���1��%���?�sR7&!��12�?>9� [ L<��( 3 ,.-2- 3 F 3IH cv ���1J,.-�- 3 F 3 `�m ] 3



���!� �	�������a�
�A�������A�	�� �¡?¢P£	�¥¤f�A��¦� �§�¨�©�§	ª��<§

«�¬ ¦��t�	�E�k��­�®�¯�°�¯�±!² ³!´�µ#±�²%¶�·!¸�¹*º+² »¼¯�°�½!²%¹ ¯�°
[(Me3Sn)2Cu2(CN)4 · (dpeH)]

´�°�¾
[(Me3Sn)2Cu2(CN)4 · (dpe)]. ¿ ¯�²ÁÀ7º+Â!Ã=°A´�Ã;Ã=²%Ä9¯�²?Ä9´2°�±@±�²?¸aºB³!´�µCÀ.Å�Å�¯�¹*Æ
¾�´�°�±�Ç�ÈIÉ�É}´�°�¾ÊÀ.Å2Å�¯�¹�¾�´�°�±¥Ç�ÈIÉ!Ë�¸�²%Ä#Ì!Â�Ä?È ¿ ¯�²�Ã;¯�º # ±!²?½!²%°�°�Í%²?¯�Î0¸2°�²%º9²?°ÏÀ7º9Â�Ã=²
µ9¯�°2¾�µ/Ð
Ã;Ã;²%º+Ä#¯�²OÌ�²?Ä/¶7³P°�¾2ºgÈ

[(Me3Sn)2Cu2(CN)4 · (dpeH)] [(Me3Sn)2Cu2(CN)4 · (dpe)]

À7º9Â�Ã;² »¼¯�°�½!²%¹SÑbÒ{Ó À7º9Â�Ã=² »¼¯�°�½!²%¹�ÑIÒÔÓ
Õ ´^�%Æ Õ �%Æ Õ ´k� Ö��
×bØ�Ù\Ú/�gÛaÜ Õ ´��%Æ Õ �%Æ Õ ´\� Ö!Ø2×_ÇAÉ�Úl����Ü
Õ ´^�%Æ Õ ÇPÆ Õ ´k� Ö��
×IÉ�É�Ú/�gÛaÜ Õ ´��%Æ Õ ÇPÆ Õ ´\� Ö��
×bËaÉ�Úl�
ÛaÜ
Õ �%Æ Õ ´��%Æ Õ Ç �
ÛaÖ
×I��É�Úl����Ü Õ �%Æ Õ ´��OÆ Õ Ç �
Û�Ù2×IÉ!Ø\Úl����Ü
Õ Ø # Æ Õ ´^�%ÆlÝ.Ö ���
Ø2×I�!Û\Úl����Ü Õ ØnÆ Õ ´��%ÆlÝQÙ ���gÇ�×b��Ù\Úl����Ü
Õ �%Æ Õ ´k��Æ Õ Ç �
ÛaÖ
×b�!ÇkÚl����Ü Õ �%Æ Õ ´k�
Æ Õ Ç �
ÛaÖ
×bÛ�Ù\Úl����Ü
Õ �%Æ Õ ´k��ÆeÝ.Ù ���2×bË�Ø\Ú/�gÛaÜ Õ �%Æ Õ ´k��ÆlÝ.Ö �aÖ
×bÙaÖ�Úl����Ü
Õ ��Æ Õ ´k��ÆeÝ.Ù ���
Ø2×bÛ�Ù\Úl����Ü Õ ��Æ Õ ´k��ÆlÝ.Ö ���
Ù2×*�
Û\Úl����Ü
Õ ��Æ Õ ´k��Æ Õ Ç ���PÇ�×IÖ!Ø\Úl�
ØaÜ Õ ��Æ Õ ´k�
Æ Õ Ç ���!Ø2×IÉ!Ø\Úl�
ØaÜ
Õ ´��OÆ Õ ÇPÆeÝQÇ ���
Ë2×bË\Ú�ØaÜ Õ ´��OÆ Õ ÇPÆeÝQÇ # ����Ö
×bË\Ú�ØaÜ
Õ ´k�
Æ Õ ÇPÆeÝQÇ �
ÙaÖ
×bØ\Ú�ØaÜ Õ ´k�
Æ Õ ÇPÆeÝQÇ # �
Ù��2×I��Ú�ØaÜ
Õ ´��OÆ Õ �%ÆeÝf� �
ÙaÉ
×bÛ\Ú�ØaÜ Õ ´��%Æ Õ �%ÆlÝ�� ��Ö!Û2×_ÇkÚ�ØaÜ
Õ ´k�
Æ Õ �%ÆeÝf� �����
×*�AÚ�ØaÜ Õ ´k��Æ Õ �%ÆlÝ�� ����É
×bÙ\Ú�ØaÜ
Ýf�%ÆlÞ
°��%ÆeÝ.Ø ��Ö!Ù2×bØ�Ë\Úl����Ü Ýf�%ÆlÞ
°��%ÆeÝ.Ø ��ÖPÇ�×bÛ2�AÚl����Ü
Ý.��Æ/Þ
°\��ÆlÝ�Ç # ��Ö�É
×I�!Û\Úl����Ü Ýh��ÆlÞ
°k��ÆeÝQÇ ��Ö!Ù2×IÉ���Úl����Ü
Õ �%ÆlÝ��%Æ/Þ
°^� ��Ö��
×*�AÚ�ØaÜ Õ �OÆlÝf�OÆ/Þ
°�� �
Ù��2×*�AÚ�ØaÜ
Õ ��ÆlÝ.��Æ/Þ
°\� �gÇAÖ
×bÙ\Ú�ØaÜ Õ �
ÆlÝh�
Æ/Þ
°k� �
Ù�Ù2×b�\Ú�ØaÜ

ß�à%á ßEâ!á
ã ¦�¦��t�	��äkå�­�À.°�µ#¯�Î0¸aº�¾�²?Äxæ�²%Ä9±�¹�²?¯�Î0¸2µ#Ì�²%Ä9Å�¯�°�¾�´�°2±

[Cu2(CN)2(dpe).Ú�³aÜ7çS¹�¯�Î0½}³!´2è�¾�¯�²�Þ<Î0¸�¯�Î0¸aº+²%°s¾�²%Ä�ÝQ²%º9Í%¶S²?Ä#½!²!È
Ú�ÅkÜxé�³!½AÄ9Â�ÍOÐ
Î%¹�´�µ�Å�²?µ#º9²?¸�²%°�¾ê³!´2µ��PÇ=À7º9Â�Ã;²?°�´�°�¾�Ì<¯�²?Ä�ë�³!´2º9²?°�È
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Ã�Ä�Å2Æ[Ç-È2Ã�É�Ê�Ë!Ã.Ç�Ì�Í Î�Ä − Î ≡ Ï Ç�Å2ÐgÇ�Ì5Ã�Ç-Å2Ã	Ä�Ê�ËvË�Ì�ÇhÇ�Å2Ñ:É�Í5Ã�Ç�Ê!Ç�ÊÓÒ «�«hÔ Ç�Å.Æ!Ì�Ê�Ë�Ä!Ê�Õ�Ç�ÊvÊ:É�Ö4Ñ�Ë�Ç�×
Ø Ã�Å2Ä�Ù�Ã�Ä�Å2×	Ú;Ã�Ì?ÛhÜ:Ý Á

2 Þ µ2 ß Ý6à�á 2 â�ß.ã�ä Á�³�² Ë�Ä�Å2Ö4Ñ�È.Ä�Ö4Ñ�Ã�å�æ0Ì�ÇdÖ4Ñ:É�Å.É�Ù�Ã�Ç�Å2Ì�È�Ã�Ì�È2Ö4Ñ�Ç�Ê]ç=è�Ê�Õ�Ç�ÊjÄ!Ê�Ëé Ì�Ê�Ù;Ç�ÍêÌ�Ê�Ê!Ç�Å.Ñ�É�Í�ÆëË�Ç�È Ø Ã�Å.Ä!ÙpÃ.Ä�Å.×aÚ�Ã.Ì?ÛqÈ�Ë!Ç�Å Ô Ç-Å.Õ�Í?Ç�Ì�Ö4Ñ!È2Û�Ç-Å.Æ�Ì?Ê�Ë�Ä�Ê!Õ�Ç�ÊyÈ2Ì�Ê�ËoÌ?Ê9ì�É�ÆPÇ�Í�Í?Ç	í!å¨ípî
É�Ä!ïkÕ�ÇRïkð�Ñ�Å�Ã^å

ñ ä ¾ê¯{®=¯ò®[ó�ô�õ Æ�È�Ã4è�Ê�Ë!Ç�Ä�Ê!Ë é Ì?Ê�Ù�Ç-Í�Ì�Ê
µ öR÷ Î ÏIøùö Û�Ç-Å.Æ�Å2ð�Ö4Ù�Ã�Ç-Ê#údÉ�Ä!Ã�Ç-Êrå

Ô Ç-Å.Æ�Ì?Ê�Ë�Ä�Ê�Õ�Ç�Ê�û Î�Ä · · · Î�Ä Î�Ä ö Î Î�Ä ö\ö\ö Î Î�Ä ö Î ö�Ï ∑

α, β, γü�ý ×aþ üÿý ×iþ ü�ý ×aþ ü�� þ ü�� þ
Î�Ä ö � ÇRÃ4É�Í?Í [79] Ò�î�î ö ö ö ö

[(CuCN)2(tetmen)] [76] Ò ¬�­���� «��
	���� Ò « î �?« « î�î ��
 ¬ Ò ­���	�¬
Ò ¬�­���� Ò ­!«
��	 Ò «�	�� í « î�î ��


CuCN · NH3
[69] Ò;í «���� Ò ­
���¨­ Ò « Ò ��� « í 	����

[Cu2(CN)2(bpy)] [63, 77] Ò;í 
�� í «���¬���	 Ò ¬�	��~¬ «�	�¬�� í ∗ ¬ í 	�� î
[Cu2(CN)2(dpe)] [63] Ò;í 
���
 «�� í ��	 Ò�Ò 
�� í «�	!«
� î ∗ ¬ í 	��¨­ í
[(CuCN)(phpip)] [76] Ò�î ¬�� í Ò ­!«
�¨¬ Ò ¬ í ��� «�	�­���� ö
[Cu5(CN)6(dmf)4]

[71] Ò�î�î ��� «������ Ò ∗ Ò ¬ Ò ��	 ∗ «�	�­�� í ∗ ö
[Cu2(CN)2(mpyr)] [77] Ò�î 	���
 «��!«
� í Ò�îCí ��� ö ö

[Cu2(CN)2(2, 6− dmp)] [63] Ò�î 	���� «���­��¨¬ Ò;í ¬�� í ∗ «�� Ò �¨­ ¬ í ���5«
[Cu2(CN)2(etpyr)] [63] Ò�î ����
 «���­��¨­

∗ Ò;ípî �~­ ∗ «��f«
� í ∗ ¬ í 
���� Ò
[(CuCN)2(pip)] [76] Ò�î 
��?« Ò ­!«
�5« Ò�Ò�Ò �?« « î «
� Ò ¬ í «
���
�

[(Me3Sn)Cu(CN)2 · 1
2
(bpy)] [19] Ò 	 Ò � í «���¬���	 Ò ¬
��� í «�	�����


∗
¬ í�í ��� í

[(Me3Sn)2Cu2(CN)4 · (dpeH)]
Ò 	�¬�� í «�� í � í ÒCí 	�� Ò «�	 î �¨­ ¬ î ­��¨­!«
Ò 	�¬�� í «�� Ò ��
 Ò;í 	��?« «�	����¨¬ ö

[Cu2(CN)2(2, 5− dmp)] [63] Ò 	 í ��	 «���­�� î Ò�î�Ò ��	 «���¬���
 ö
[CuCN]3 · H2O

[70] Ò 	�¬���	 «���¬��5« Ò;í «
��
 « î 
���� ö
[(CuCN)2(butda)] [76] Ò 	���� Ò «�

���¨­ Ò�î ���?« «�� í � î ö

[(Me3Sn)2Cu2(CN)4 · (dpe)]
Ò � î ��
 «�� Ò � Ò Ò 	!«
��� «���­�� í
Ò � î ��
 «�� Ò ��� Ò�î ����� «�	

�� Ò ¬ î�Ò ��� Ò

��������������� �"! �"! �"#�! �$# %'&�(*),+�-/.0(1)32�4�5�(1)32�4�5�(*687�9�-:.;9�6<!>=�?�=A@B=C�D�E%GFH2�(�6�4�5�I�9�IJ(�+3-:K*9�6<!DL���MN�D�"! �O%GPQ9R%
.0(1)32�4�5�SBT:+3.U-/.09�7�!VL��W=C�XPY9�%G.;(*),2�4�5�I�4�+�-/K*9�6<!V=�@Z=[�VFH9�I�(*+�-/K�9�6�!V\�=�]H�_^8! ^8# %G`C9�I�4�+39�7�9�6�!XL�=[��a_�X),+�-/68bc%�d:!feg%
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)3+3-:68bw%�d:!feg%'`C9�b�hB^:%xI�4�+39�7�4�5ji'(*),2�(�6

∗
PQ-/),(�6zyEo�+�7�(*6{.;9�)Est(*+�|1o�+34}d:~�dY(*+3.09R),),(�5R)ghA����P��E(*SB(*+3(*6�Kk�������O�k��r��;!8���E�p���,�Q!�Pk�����Q���p!����E�Y%
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(/0,.132 · /4�Qü���265
798-:�;�<>=@?A=4<B?A<B=DC&<>=DC"=E8F?4?A<B:.G ?A=EH"I ?EH&=EJLK�?E?EH&:&JMC&<B=ON(H�P�;�<>=4Q&8-:"C&H&:&JL<B:SR4?A<BT-TU?VCWKXR

[Cu(CN) · (bpd)]CWKX=BY�798F:&<[Z(\XRER4=E8FJL<�]D^LREH":&J`_LaX:cb
3 d N(H
e�Ngf�h 4 i Z�H&=4C&<kj>Hl<>8-:"<>=nmo8-REp6q H&:"JrKXH&Rts	=E8Fu[<v?Aq#w�TUP

j>8F:&:x8-:zyMp><v?AaL:"8F?A=48-TtH":&CxC&<>u C"H&=Ep6q{7�=4q&8F?Ej><B:|8F:xyMp><B?EaL:&8U?A=E8FT.JL<BT-^LR@?A<B:{}(8FR@P0e�~�P�� w�=48-C"w�T�h�P
ðL� ~�P�C&8U_�8-:#w�T-Q�<>:&jBaLT�JX<>JL<BQ�<B:VYDy�H&RSC&<B=SI�T-KX=E<B: � JL<BT-Q�<>:�]D^LREH":&J�Q"8-T-C"<B?A<B:3RE8Fp6q�:WK�p6q ð�� s�KXJL<B:
C&H&:&I�<>TFQ&=AKXH":&<�bS=48-R@?6KXTFT-<XY)��8F<�K�R4w�u[u�<B?E=E8FREp6q&<�798-:&q"<>8F?g8-R4?�8F:�y�Q&Q&8FT-C&H":&J�~&Y���~nCWKX=EJX<>R4?E<>TFTF?�Y

� ���"ô�óOôF�Aó
� y�R@w)u�u�<B?A=48-R4p6q&<t798-:"q&<>8U?�C&<B=�;�<>=4Q&8-:"C&H&:&J
[Cu(CN) · (bpd)],

G)p6q#Z�8F:&JLH&:&JXRE<>T�PT-8F�&REaL8FC&<�u�8F?M� ��� y�H"��<B:#?AqWKXTU?AR@ZgKXq"=EREp6q"<>8-:"T-8-p6q"IX<>8U?�Y
79R���\XT-TU?�KXH"� � CWKXR4RSKXH&p6q38-:�C&8-<BRE<B=�;�<>=4Q&8-:&C"H&:&J�Z�8F<.REp6q"aL:38-:rN(H

G
G�:W�O8OI�<>8F:�s�=48-u�<B?Eq w�TFj>8-:":

u[<Bq&=�8-:�C&<Bu :&<>H&<B:¡b�a)aL=4C&8-:&K�?A8FaL:&RE��aLTUw)u�<>=�<>:#?Aq&KXTF?E<>:�8-R4?>Y
��8-<BR�8FR4?S<B8-:�f�KXp6q#?A<B8-T�C&<B=S_X<>=�P
Z(<B:&C&<v?A<>:¡��KX=ER@?A<BT-T-H":&JLREu�<B?Eq&a�C&< � CWK�q&8-<B=EQ�<>8�CWKXR�T-<B8-p6q#?S¢W£&p6q#?A8FJL<�s�=48-u�<B?Aq#w�T-jB8-:&:"p6q&T-aL=48-Cr8-:
C&<>u¤:&8-p6q#?�KXQ&JL<BREp6q&TFaLRER4<>:&<B:�;�<B=EREH"p6q&RAKXH)��QWKXH�q&<B=AKXH"REREH"Q&T-8Fu[8F<>=E<B:�I¥KX:&:VY
��KXR�N(H)P@¦§<B: ?E=AKXT-K�?AaXuz8-R4?�_L<B=Ej><B=E=@?�?A<v?A=AK�<>C&=48-REp6qnI�a)aX=EC&8F:&8-<B=4?�Y¥��<B=Me�f ≡ hEN¨P�N(H)P�f.e ≡ NMh�P�©ª8F:&IX<BT
Z(<B8-p6q#?ru�8F? ð ~ � � �X«#¬�:"a)p6qxZ(<BRE<B: ?ET-8Fp6q|R@?6\X=4IX<B=r_XaLu 8FC&<�KXTF<>:­s	<B?E=AKX<BC&<>=@Z�8-:&I�<>T�KXQ|KXTFR�C&<>=
e�}gK�RE<�h@f�P�N(H)P�f.e�}gKXR4<�h�P�©ª8-:"IX<>T�u�8F?¯®X~ � « ò ¬�Y�y�H&p6q�C&8F<�£&Q"=E8-JX<>:�N(H�P�©ª8-:"IX<>T�<>:#?AR4�&=E<Bp6q&<>:o:&8Fp6q ?
C&<>:o°�C&<>KXTFZ�8F:&IX<BT-:le�_�JLT±YWs�KXQVY²~&Y³~ ´Lh0YW��K�C&8-<BRE<Sy�Q#Z¯<>8-p6q H&:"J�:&8-p6q#?�H&:&JL<vZ(^Xq&:&T-8Fp6q`8FR4? � R48-:&Co8-:
sOK�Q�<BT-T-<(~&Yµ~L��Z(<B8F?A<B=E<M_L<B=EJLTF<>8Fp6q�Q&KX=E<��²KXTF?EQ&T¶K¥?E?4P±;�<>=4Q&8-:&C"H&:&JL<B:tH&:&C�C&<>=4<>:�©ª8-:&I�<>TWCWK�=EJL<BR4?A<BT-TU?�Y
��8-<[b�=E8FR4?6K�T-T-R@?A=4H&I#?AH&=�_XaL:

[Cu(CN) · (bpd)]
8FR4?.KXH&R�jBZ¯<>8gb�<v?E?A<B:·KXH"��JX<>QWKXH)?�Y�7�8F:&<�CWK�_LaL:

Z�8-=4C[C&H"=Ep6q�C"8-<�;�<>=EQ"=E£&p6I H&:&J.C&<>=(N(H)P�yg?EaLu�<�£"Q�<B=¯C&8F<�<>8-:"JL<>R4<B?Ajv?A<�}gKXRE<.e�Q"��C²h9JL<BQ&8-TFC&<B? � C&8-<
KX:&C&<B=E<[C&H&=Ep6ql<>8-:"<[CWK�j>H¡aL=@?Aq&aXJLaL:WKXT�R@?A<>q"<>:&C&<[;�<>=EQ"=E£&p6I H&:&J3C"<>=nN(H�P�yg?AaXu[<�£&Q�<>=nN¯wLKX:&a�P
¸ =4H&�&��<>:VY(}(<>u�<>=4IX<B:&R4Z¯<>=@?�8FR4?�Q�<>8�Q&��C � CWKXR4R�KXT-TF<�C"=E<>8�¹�8F:&JL<`?E=EaX?Ej`C&<B=�798-:"��KXp6q Q&8F:&C&H&:"J
e�H&:"C3C&<>:rCWKXu�8F?�JL<BJL<>Q�<>:&<B:��²=4<>8Fq&<>8U?AREJX=AKXC&<B:²h���K�R4?�8F:3<>8-:"<>=�79Q�<>:&<nTF8-<>JX<>:ce�s�aL=4RE8FaL:�H&uºp�K"Y
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¼�»�ÓVÔVÕ�Ö&×4ØLÙBÚ(ÛXÜ&ÝUÞAÙ�ßªà-á"âXÙ>ÝVãXÙ>ä4ØLÝ-ÙBà-å6Ü æWçXä4Ù>ä�è²çXÝFÞEæ&Ý¶ç�Þ4Þ4é±ê�Ù>äEæ"à-á&ë&Ö"á&ØLÙ>á§ì

ê�Ù>ä4æ&à-á"ë&Ö&á&Ø í�îgçX×EÙ�ï4ðMé@ñ(Ö)é�ðtí�î(çX×EÙ�ï í�ð ≡ ïEñ¨é�ñ(Ö)é�ð.í ≡ ñMï òDàFÞEÙ>äEç�ÞAÖ&ä
ßªà-á&â�Ù>Ý�óµô�õ ßªà-á"âXÙ>Ý¨óµô�õ

ñ(Ö²ñgð · ð 2 ö 4 ÷Lø"ùµø Ï�ú ø"ù�÷ [80]

[(Et3Sn)Cu(CN)2 · (bpy)] øLû"ù Ï Ï�Ð"Ï ù�ü [3]

[(Me3Sn)Cu(CN)2 · (pym)] øL÷"ù Ð#ú Ï�ú ø"ùµ÷ [3]

[Cu(CN) · (bpd)] øXý"ù�÷ Ð Ï ý þ)ù�þXø ë"à-Ù>×4ÙSÕ�äEæ�Ù>àUÞ
Ï�úXô�ÿ���äEàFë���ÝUé��>Ö·ÿ9Ü&ÙBá��)ÝFäEàFá&Ø`Ö&á"ë¡å�ç"ìDé6Ï�úLôMÿ�Ü"Ù>á���ÝUé��BÖ·ÿ9ä���à-ë��)ÝFäEàFá&Ø ïvì
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í�ñgð�ï
2 ·

í�æ�%��"ï�õ [3] á&à-å6Ü#Þ¨ë&Ù>ä¨è²çXÝFÝ*)¥ë
�Lä4Þ¨ÝFà-Ù>ØXÙ>ánë&àFÙ�ñ(Ö)é�ãXÙ>äEæ"ä��&å6â�Ù>á&ë&ÙBáoîgçX×EÙBá�ÙBà-á&ÙBä
�)å6Ü"à-å6Ü#Þ�à-á+��à-å6Ü#ÞAÖ&á"Økë&Ù>ä

a
é�ÕMå6Ü&×4Ùtë&ÙBä,'9Ý-Ù-	[ÙBá ÞAçXä��BÙ>ÝFÝ-ÙSà�	.	[ÙBä�à-áoë&Ù>ä�ØLÝ-ÙBà-å6Ü&ÙBá�Õ�Ö&×4äEàFå6Ü ÞEÖ&á&Ø

%Wç�äAçXÝFÝ-Ù>Ý/�>Ö&ÙBà-áWç�á&ë&Ù>ä�í�ã)ØXÝ±ì&Õ�æ&æVì ý ì�� ÷ í�ç#ïEï0ì

0 Ê	Ê¯¼O»	¼FÓ21VÔ§Õ�Ö&×E×4å6Ü&á&àFÞ4Þ�ç�Ö&×
[Cu(CN) · (bpd)]

çXÝ-× �SçXÝ3�XÞEÞEÙ>á
	.��ë&Ù>ÝFÝ-ëWçXä4×4ÞEÙ>Ý-ÝFÖ&á&Ø&ì
#�Ö"äEå6Ü¡ë&ÙBá¡ð�Ð¥é@ñ(Ö)é�ð�ú�é±ßªà-á&â�Ù>Ý9ÙBäEØLàFæ"Þ�×Eà-å6Ü�ë&à-Ù�æ�Ù>äEÙBàFÞE×�ÙBä4Ú(ÛXÜ&á#ÞAÙ4�§à-å6â���ç�å6â#é5��ÙBÞEÞEÙ ù ë&à-Ù�çXÖ�6¶é
ØLä4Ö&á&ë�ë"Ù>ä�ê�ÙBäEâ á��
%�6�Ö&á"Økë&Ù>ä�ñ(Ö)é�ÕgÞ���	�Ù.ë&Ö&ä4å6Ü�ë&àFÙtñ7�LçXá
��é�8Sä4Ö
%
%�Ù>á9�BÖ&ä�è²çXÝUÞAæ&Ý-ç�ÞEÞE×4ÞAä4Ö&â#ÞAÖ&ä
àFá:��àFå6Ü#ÞAÖ&á&Ø·ë"Ù>ä

b
é�ÕMå6Ü&×4Ùrë&Ù>ä;'9ÝFÙ<	�Ù>á#Þ6çXä��>ÙBÝ-Ý-Ù`çXÖ&×4ØLÙ>æ&àFÝ-ë&ÙvÞkÚ�à-ä4ëxí�ã�ØLÝ�ì(Õ�æ&æVì ý ì=���Lïvì>#�à-Ù>×4Ù�)å6Ü"à-å6Ü#ÞAÙBáªÚ�àFÙ>ë&ÙBäEÜ
�XÝ-Ù>á ×Eà-å6Ü àFá?��à-å6Ü#ÞAÖ"á&Ø·ë&Ù>ä

a
é�ÕMå6Ü&×4Ù3à-á ÙBà-á&Ù-	 ÛA@ Ö&à-ë&àF×4ÞAçXá#ÞAÙ>á Õ�æ&×4ÞAçXá&ë

ãA�Lá·ë"BC�LÐ û %�	�ìED�áF��à-å6Ü#ÞAÖ&á"Ø3ë&Ù>ä
c
é�ÕMå6Ü&×EÙ�×4à-á&ë¡ë"à-Ù�ÙBà-á
�BÙ>ÝFá&Ù>á"��å6Ü&à-å6Ü#ÞAÙBá"�>Ö&ÙBà-áWçXá"ë&Ù>ätàFá

�vÚ(ÙBà�Ö&á#ÞAÙBäE×Eå6Ü"à-Ù>ë"Ý-à-å6Ü"Ù>áªÕ�æ&×@Þ6ÛXá"ë&Ù>á çXÝUÞAÙ>ä4á&à-ÙBäEÙBá&ë ãXÙ>äE×4å6Ü
�Læ�Ù>áVì #�à-Ù>×�Ù>äEâ�Ù>á&á#ÞG	[çXá çXá ë"Ù>á



HJIAK LNM3OQP+R�SJR�TVUXWYR�ZNSV[(\<]_^NR;`aR�TVbc[(dEecfEdNgXRhd

i
j�k!l-m�n�oqp�r�l<s�t�r�oqp�l<jvu�w�n�kqx_j
s
l<jvs�l<mzy{i�|}u>k!~��.lz��l<m�n�oqp
r3l<s
l-j
l<m-��n�i
���-l<n�n�r3�Al<m���oqp
r3oqp�k�l<j��.r3k
l���� K�� � H�� ��i
j
s��$� �A�_K ��� � �����h��t(�
u�w
w�� K �=� ��� �

� bcb�M�LNM3�2�����2� t3k�w
t � k�k!n k!m�i���k�i
m{�A~�j [Cu(CN) · (bpd)].

� bcb�M�LNM3�/¡/� u�w
n k � j�s+s
l-m¢y{i�|5u>k�~���l��¤£ r�n�oqp�l<j¥wXl<j � oqp�w � m�k�l<j �X� t3k!w�t � k�k!n�oqp�r�oqp�k!l-j��
¦ l<m���oqp�r�oqp�k � w�n�k � j
s§r3j [Cu(CN) · (bpd)] w/l¤k!m!x_�Ak¨s?�©� I�ª«� �¬i�j
s&r3n�k¨s � ��r­k
s
l-i�k!t3r�oqp
��l<m�r�j
�Al<m � t�nGr�j [(Et3Sn)Cu(CN)2 · (bpy)] [3] �.r3kGs

a
� �AªAª&� �G�®r�j¯£{l-t�oqp
l-� s
r3l�°Em�r3l¤|

k!p�±ht��-r�j
j
�Am�i �
� l<j � t3n²u¢w
n�k � j
s
n�p � t­k!l<m²��i
j
��r3l<m�l<j��´³5j [(Me3Sn)Cu(CN)2 · (pym)] [3] wXl-k�m!xA�Ak
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Í
Î-ÏGÐ�ÑqÒ
Ó3ÑqÒ�Ô!ÕAÖ
× ÔqÕAØ
ÍÙÍ
b ÚÜÛ Ì_ÝßÞ
à á Ø�Í¯â3Ó�Î-ãAÔ4ä¤å Ó�×�ÑqÒ�Î<ØæÍ�Î<ØçÖ/Î-Ó�Í
Î-ØçÎ<Ï�× Ô!Î-Ø¯è�Î<Ï Ô!Î<Ø�é ê$Ó3Ø

ë Î-Ó�× Þ Ó�Î-â.ì�í
Ï�Î<Ó3Ø
Î<ØîÎðïhÔ!Ï�Î à ñ�á Ï�ä<Î<ØòÐ�ÑqÒ�Ó�ÑqÒ�ÔqÕAÖ�×�ÔqÕ_Ø
Í©óYÍ
c Ú ô Ë�Ý¯Þ
àöõ ä<Î-Ó�ãAÔ�Í
Ó3Î&÷$Î<Ï�Ö
Ó�ØhøÍ á Ø
ãúù=û á

2

ó(û>ü õ
2 ·

ó�Í à.Þ Ó Þ2õ5ý [76] ó�Í à.Þ Ó Þ Ú Ê�þ ô ø�ÿ�Ó à Î¤Ô!Ò��hâ Þ Ó Þ Î-Ï!ÕAä-Ó�Ø õ é²ÿ�Ó�Îß÷$Î-Ï�Ö
Ó3Ø
Í á Ø
ãAÎ<Ø
[(Et3Sn)Cu(CN)2 · (bpy)], [(Me3Sn)Cu(CN)2 · (pym)]

á Ø�Ívù=û á
2

ó(û>ü õ
2 ·

ó�Í à.Þ Ó Þ2õ5ý ×�Ó3Ø
Í
Ó3Ø��¢Ö
Ö
Ó3â�Í á Ø�ã ô é Û � Ø�Î á�� Ó3× á Õ_â�Ó�×�Ó�Î-Ï�Ô®ä á ×!Õ à.à Î<Ø
ã�Î-×�Ô�Î<â�â­ÔÂé
� Ø	�cÕAÖXÎ<â�â3Î ô é ô 
 ×�Ó�Ø�Í;ä á Ï��²Ö/Î-Ï�×�Ó�ÑqÒ�Ô Î<Ó3Ø
Ó�ã�Î¢Õ á ×�ã�Î-å�
AÒ
â­Ô!Î��¢Ö
×�Ô�
AØ
Í
Î á Ø
Í4èçÓ�Ø ñ Î<â�Í
ÕAÏ�ã�Î-×�Ô�Î<â�â­ÔÂé

��� Å7¶�µN¶ µ���� ê Ó�Ø
Ó3ã�Î9Õ á ×�ã�Î¤å�
AÒ�â3Ô!Î«èçÓ3Ø ñ Î-â á Ø
Í ë Ó�Ø�Í á Ø
ã�×�â�
AØ�ã�Î<Ø:Ó3Ø
[Cu(CN) · (bpd)]. # �×�� à.à Î¤Ô!Ï�Ó3Î � Î<Ï�å{ÕAØ
Í�Ô!Î<×��>Ô�� à é

�>Ô�� à Î �¢Ö
×�Ô!ÕAØ
Í�ù Þ
à¨ý �>Ô�� à Î èçÓ�Ø ñ Î<â$ù�� ý
û á�Ê ø�û Ê Ê ��� þ�Ý�Ì ó Ê Û õ û Ê ø û á�Ê ø�ü Ê Ê ô Ì�þ=Ì � ó 
 õû á�Ê ø�ü Ê Ê! ô þ­Ê ô ó Ê ô õ û Ê ø û á�Ê ø�ü Ë ÊJÝ � þ 
 ô ó Ì�õû á�Ê ø�ü#" "$" ô þ� "
ó Ê " õ û Ê ø û á�Ê ø�ü#" ÊJÝ ô þ Û Ë ó Ì�õû á�Ê ø�ü Ë " Ê 
 þ " Û ó Ê " õ ü Ê ø û á�Ê ø�ü Ë  Û þ " ô ó Ì�õû Ê ø5ü Ê # Ê�ÊVÌ�þ ô ó%" õ ü Ê ø û á�Ê ø�ü�"  Û þ­Ê& ó Ì�õû 
 ø û � ÊJË ô þ ô ó%" õ ü Ë ø û á�Ê ø�ü�"  ô þ � Ë ó Ì�õ

� Ø�Í
Î<Ø�ÐhÑqÒ
Ó�ÑqÒ�Ô!Î-Ø4×�Ó3Ø
Í � Ó3Î<Ï�Î-Ñ ñ Ó�ã�Î�ê$Ø�×�Î à Ö
â�Î-×>Õ á ×{û á ø'�>Ô�� à Î¢ä á Î-Ï ñ Î-Ø
Ø
Î-Ø ó � ã�â*é(�¢Ö
Ö�é ô é Û  �õ éÿ�Ó3Î<×�Î ÷,Ó3Î<Ï�Î-Ñ ñ Î¨×�ÑqÒ�Î<Ó�Ø�Î<Ø«ì�í
Ï�Í�Ó�Î*)2ÕAâ­Ô!Ö
â�Õ_Ô�Ô�×�Ô!Ï á
ñ Ô á Ï�Î<ØGÔ+� Þ Ó�×�ÑqÒzä á ×�Î<Ó3Ø þ Í
Õ4×�Ó�ÎaÓ�Ø«Õ_â�â�Î-Ø9Õ á ì ø
ã�Î¤ì�í
Ò
Ï Ô!Î<Ø�÷$Î<Ï�Ö�Ó�Ø
Í á Ø
ã�Î<Ø � ��Ï�Ò´ÕAØ
Í
Î-Ø4×�Ó3Ø
Í�é�ÿ,ÕAÖXÎ<ÓXÖ
Ó�â3Í
Î<Ø.Í
Ó3Î,û á ø'�>Ô�� à Î²Í
Ó�Î¢ê Ñ ñhÞ�á Ø ñ Ô!Î�Í
Î-Ï
÷�Ó�Î<Ï�Î<Ñ ñ ÎAé-,�Ó�Î-ã�Î<Ø4ä¤å Ó�×�ÑqÒ
Î<ØGÍ
Î<ØGê Ñ ñ�Þ
á Ø ñ Ô�Î<Ø ñ Î<Ó3Ø
Î�å7Î<Ó3Ô�Î<Ï�Î<Ø+û á ø+�>Ô.� à Î þ ×�� Ö
Ó�â3Í
Î<Øö×�Ó�ÑqÒ�Ó à ø
à Î<Ï/)2ÕAâ3Ô�Ö
â Õ_Ô�Ô!× Ô!Ï á�ñ Ô á Ï�Î-ØöÕ á ×<é ë Î10´Ø
Í
Î-Ø;×�Ó�ÑqÒöä-å Ó�×�ÑqÒ
Î<Ø;Í�Î<Ø;ê Ñ ñ�Þ
á Ø ñ Ô�Î<Ø32�Î<Í4�hÑqÒ�û á ø'�>Ô�� à Î þ
×�� ñ � à�à Ô¨Î<×�Õ á ì,Í�Î<Ï�Î-Ø65��7��Ï�Í
Ó�Ø
Õ_Ô!Ó8��ØFÕAØ�é9,�Ó3Î<ã�Î-Ø&Ø á Ï Ô!Ï�Ó�ã��AØ´ÕAâ­ø Þ â Õ_Ø´ÕAÏ ñ �:��Ï�Í
Ó3Ø
Ó�Î-Ï�Ô�ÎGû á ø
�>Ô.� à Î � ��Ï þ ×��+Ö
Ó3â�Í
Î-ØzÍ
Ó�Î-×�Î.Î<ÖXÎ<Ø�ìYÕAâ3â�×�÷�Ó�Î-Ï�Î<Ñ ñ Î4Õ á × á Ø
ÍQÎ-× ñ � à.à Ô�Ô!Ï.�_Ô!ä Í
Î-×
û á

6

ø+;²Ó3Ø
ã�Î-×
Õ á ÑqÒ�Ò
Ó3Î<Ï�Ö/Î-Ó�ä á Ï<� á ×�Ö�Ó�â�Í á Ø
ã � ��Ø=)2ÕAâ­Ô!Ö
â�Õ_Ô�Ô�×�Ô!Ï á
ñ Ô á Ï�Î<Ø ó � ãAâ*é��¢Ö
Ö�é ô é Û � ó ì õ�õ é>,NÓ3Î<ãAÔ,Ó�ØzÍ
Î àû á

6

ø+;²Ó3Ø
ã Î<Ó�Ø Ô!Î¤Ô!Ï!Õ_Î<Í
Ï�Ó�×�ÑqÒ ñ �:��Ï�Í
Ó3Ø
Ó�Î-Ï�Ô�Î<×öû á ø+�>Ô.� à ä-å Ó�×�ÑqÒ
Î<ØçÍ
Î-Ø:ê Ñ ñ Õ_Ô�� à Î<Ø þ ×��ßÖ
Ó�â3Í
Î-Ô
×�Ó�ÑqÒ�å Ó�Î�ÖXÎ<ÓEû á

G
Ð�Ø?5�Ï Î<Ó3Ø
Î�ÕAÍ´Õ à ÕAØ�Ô��AÓ�Í
Î�Ð�Ô!Ï á�ñ Ô á Ï²Õ á ×aó � ã�â(é4��Ö�Ö�é ô é Ì " Õ á ì�Ð�Î<Ó­Ô!Î Ê�Ê " õ é



@&A�B CED8FHGJI�K&I(LNMPOQI(REKNSUTWVYXEI	Z[I(LN\]SU^`_]a`^EbPI:^

cedWfhgid1jlk%mNjndokQk'pqk%rUsNtWk%sNrvu1wyx
[(Et3Sn)Cu(CN)2

·(bpy)] z
cemYf {>j�|~}'t d1s&� �&|n�
��� {��q�&}'�N|~}'�WkU��x�|nx

[(Et3Sn)
Cu(CN)2 · (bpy)].

ce}.f�gidoj�kUmijndokQk%pQkUr%sNtWkUsir�uyw1x
[(Me3Sn)Cu(CN)2

·(pym)].

c8�if {>j�|~}'t d1s&� �&|n�
��� {��q�&}'�N|~}'�WkU��x�|nx

[(Me3Sn)
Cu(CN)2 · (pym)].

c���f�gid1jlk%mNj~d�kQk'pqk%rUsityk%sNr�u1wyx
[Cu2(CN)2(dmpip)].

c��'f {>j�|~}'t d1s&���&|��
�9� {����N}'�N|n}'�Wk%��x |nx
[Cu2 (CN)2(dmpip)].
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û4ñWú¦ñ����9ñ���ð�õ¤ñyü���ô4ï�ï�ö���î���ö�î���ñWú��

������� �"! #%$%!%& '($*),+.-0/1�2)3'($%) 4�56+�-0/1��7348) '($*)1'.48)	9:)�;<)1'($*)= � /1>?-@! #�A B CED = � /1>?-@! #�A B%CFD = � /1>?-@! #�A B CED
÷�î-÷HG · G 2 I 4 J æLK ø MNK JPO3QSR K�TVU R KXW

[(Et3Sn)Cu(CN)2 · (bpy)]
å�å&æLYVT[Z ç7å$å\T J å*KXZLZ�T^] O,Q_RS` ö 3 
7ú�TVU R G�÷�W

[(Me3Sn)Cu(CN)2 · (pym)]
ML]�çaT J Z$æLbVT[Z å*K J Y�T^Y O,Q_R þJñ 3 
7ú�TaU R G�÷�W

[Cu(CN) · (bpd)]
ZLK J ç�T J å*]LK�ç�T"] J Y\KVT JPO3Q_R KVTVU R KXW

[Cu2(CN)2(dmpip)]
MLb\b�T~ç ZLYLYVT[Z bL]�æVTeå O,Q_R ÷�î�TVU R ÷HGcW

5
-07
[Cu(CN) · (bpd)]

56�N7
[Cu2(CN)2(dmpip)]

56d�7
[(Et3Sn)Cu(CN)2 · (bpy)]

56# 7
[(Me3Sn)Cu(CN)2 · (pym)]

e à`à/Ò�Ñ`Ò
f�g�ì>íÎîVhqù��$î�û4ñ��i���$õeö�ù4õ��Yö.ö.ï�ö���î���ö�î���ñWú
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D W���Z{Xx�>i TVU i�fmi*jQSR2TVU
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�-�,T�� ��z S �(�K£

c ¢ S�TH�<�
� � � z ¤ � �
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γ ô Õ ï�ö

ù Ï�Æ�É<Í*Ë é�×2è2µ åõÖBêjè�ëúð 3

û ñBÀlÅ2Æ�ÊYÉ<Æ-Å�ÄTË^Ç3Ç<ËYÈ<Ã�Ñ&Ä�Â Ö ñ ´2å�×�Ö ï�ã�ü�Ê^Í 3

ý ò<Ã'Ï�Á�Ù Ä�Ñ�Ï�È3ÊYÏ!Ë�þ(ÊYÑ�ËYÈ�Ä é å ï Ö ï¦Í*Í
−1

F
ê ï�ï�ï ë ´6µ2µ ï

À:Á'ÂsÃ'ÄTÅ2ÆJÃ�Ñ�ÿYË ï åõÖ<´�� ï å&´�æ�� ï å ï è Í*Í
ç ä<ËYÄTÅ*Á�Å2È<ã�ËyÎbÏ�ÁwÇDÅ�ÄPÅ¦Ê^Ï�Æ0Æ�ËYÊYÄTÑ0Ï�È æ!å�é2Ö ö>Ä�Ï æ2µ å ï æ ö
� Ñ0Í(Ñ&ÄTÑ0È<ã�Ñ0È<Ç<Ñ�ÊYË^Ã � æ�æ ≤h≤ æ�æ ñ�� æ2é ≤k≤ æ!´ ñ�� ´�Ö ≤l≤ ´6é
Ý Ë��DË^Ê�ÄTÑ�Ï2È<ÃªÊ^Ï�Æ0Æ�Ë^Ê�ÄTËYÇ#ü�É<È Ñ
	�É<Ë ´�æs´ ï Ö ü æ�æ2é2Ö��

R
ê Ñ0È�Ä ë ô ï å ï Ö�æ ï�


À:Ï�Í(Ù Æ�ËYÄ�Ë^È<ËYÃ�ÃwÄTÏ
Θ ô æ�µ å ï æ ö Õ2Ö<å�Õ��

ý ò<Ã'Ï�Á�Ù Ä�Ñ�Ï�È3ÊYÏ�Á�Á'Ë^ÊYÄ�Ñ�Ï�È �VÉ Æ0ÄTÑ0Ã�Ê^Å2È
Ý Ë�ÌDÈ<Ë^Í*Ë^È�Ä`Í*ËYÄTä Ï!Ç à É<Æ0Æ���Í(Å�Ä�Á�Ñ � Æ0Ë�Å2Ã,Ä�� Ã�	�ÉDÅ2Á'Ë^ÃªÏ�È

F 2

Ô¥Å�ÄPÅ(ü�Á�ËYÃ'ÄTÁ�Å2Ñ�È�Ä�Ã�ü�ÙDÅ�ÁTÅ2Í*ËYÄ�Ë^Á�Ã æ�æ�é2Ö ü Ö ü ´ ï ´
� ÏsÏ!Ç È<Ë^Ã'Ã���Ï�Î�� Ì<ÄwÏ2È

F 2 ï å�Õ ï æ
à Ñ�ÈDÅ�Æ

R
Ñ0È<Ç<Ñ0Ê^Ë^Ã �

I � æ σ ê I ë 
 R1 ô ï å ï æ�×�Õ ñ!á
R2 ô ï å ï è!´�µ

R
Ñ�È Ç<Ñ�ÊYË^Ã ê Å�Æ�Æ Ç<Å�ÄPÅ ë

R1 ô ï å ï é�Õ2÷ ñ!á
R2 ô ï å ï è2é2µ

� Å�Á�ã�ËYÃ'Ä`Ç<Ñ�� å Ù}Ë�Å2Ò Å2È<Ç�ä<Ï�Æ0Ë ï å�Õ�×2é Å2È Ç���ï å�ès´�´ Ë ð
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�����

�! #"%$'&)(*(,+-(/.1032!4�5�6�798;: <,8�7=8 8;>�< 6�7�4�?#@�7=?#4�A 4�A�B,>#ADCEAD>F7 GIHJ4
[(Me3Sn)3Ru(CN)6]

−

·H2O · [C18H36N2O6 ·K]+

K <#AD>�7=L�B#@M8�7�L
HJ>�@NH/<#A 4�?#OFPF4Q2R2TSU2 �M�JV;W��JX
Y C[Z#L
4�L
@M8�:\GIHJ4�C]?#:
8 2

33 ^ 65 _a` 8 b 7 c ?ed/>
3f HJ4�C]?#:�8hg!ADL
iJj�7 �J�����/k��ml

n ANC[ZoAD4=8�7�?#4�A �mp;q,r-�Js _t 8MuJAN:�AN>#i�7=j X�kvl���X�l;q]w
2!4�5�6�798;:x6�5/6�7=ADCzy*6�Z,8;@NA{iJ4�HJ?#Z b 4�7=j�HJ4�j#H;C]|#L
@�y Pca2(1)} >#L�7R@DAN:�:x<#L
C[AN>#6�L
HJ>�6

a ~ ��V�k���l��MW*r'V�s�w
α ~ V;X��

b ~ ����k�l�XJ�J�,r'��s�w
β ~ VJX��

c ~ ��V�kvqJq;V��#r-VJs�w
γ ~ VJX��

� HJ:�?#C[A W��Jq;W�kvX,rIWFs�w 3

� y*2T8�:
@N?�:�8�7�AN<�<#AD>#6�L�7�5 W y �Jk�����W iF��@NC 3

� |#6�HJ4�Z�7=L�HJ>�@NH/AD�[@NL�AN>�7 �Jk�V�l�� C[C
−1

F
r-XJX;X�s �;q�pJ�

2!4�5�6�798;:x6�L
�DA X�kvp���X�k�WJq]��X�kvXJp C[C
n j#A�798�4=8;>�iJA�GIHJ4R<,8�7=8�@NHJ:�:
AN@�7=L�HJ> �Jk��JX�� 7�H qJ��k�p�q��
� L
C[L�7�L
>#i�L
>#<�L
@NAD6 � �;V ≤h≤ �;V y�� ��� ≤k≤ ��� y/� �;V ≤l≤ �ml
c AD�,AD@D7�L
HJ>#6�@DHJ:
:�AN@D7�AN<z�]?#>#L�O/?�A ��lJp;V�� � �Mq��;q;W��

R
r L
>�7 s ~ X�k�X�p;V;���

2!HJC[Z#:�AD7=AD>#AN6�6R7=H
Θ ~ q���kvp;q�� VJV�kv���

� |#6�HJ4�Z�7=L�HJ>�@NHJ4�4�AD@D7=L�HJ> �z?#:�7=L
6�@M8;>
c ADB,>�ANC[AN>�7�CEA�7=j#H/< f ?#:
:���CE8�7=4�L � :�AM8;6�7���6�OF?,8;4�AD6�HJ>

F 2

S�8�798[�]4�AN6�7=4�8;L
>�7=6��]Z,8;4�8;C[AD7=AD4�6 ��q��;q�W � W � W�VJ�
� H�H/<#>#AD6�6���H;G�� B#7RHJ>

F 2 X�k�VJXJV
f L�>,8;:

R
L
>�<#L
@DAN6 �

I ¡ � σ r I s�� R1 ~ X�k g
R2 ~ X�k�XJ��l�X

R
L
>#<�L
@NAD6 r 8;:�:1<,8�7=8 s

R1 ~ X�k�X�pJ�Jp y�g
R2 ~ X�k�X�l;�;W

� |#6�HJ:�?�7=AU6�7=4�?#@D7�?#4�AhZ,8;4�8;CEA�7=AD4 X�k��m�#r �;s
� 8;4�iJAN6�7�<#L�¢ k Z\AM8;P�8�>#<zj�HJ:
A �Jk�qJVJq 8;>#<�� X�kvV��MX A w
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£M¤J¥

¦!§�¨ª©I«­¬*¬,®'¬�¯1°3±!²�³/´�µ9¶�·x¸,¶�µ9¶�¶;¹�¸z´�µ=²�º�»Dµ=º�²�¼h²�¼D½#¹#¼N¾[¼N¹�µ�¿IÀJ²
[(Me3Sn)2Cu2(CN)4 · (dpeH)]

Á ¸#¼N¹�µ=Â�½,»M¶�µ=Â
À;¹�»DÀ�¸�¼ £�Ã;¥ ¶ ±R±TÄ�±ÆÅ Ã�Ç Å�È £
É ¾[Ê#Â�²�Â
»N¶;·o¿IÀ;²�¾]º#·
¶ ±

22 Ë 30

±!º
2 Ì 6 Í ¹ 2Î À;²�¾]º#·
¶�Ï�¼NÂ
Ð;ÑFµ Ç È�Å�ÒvÓ ¤

Ô ¼D¾EÊ\¼N²�¶�µ=º#²�¼ £mÕ�¥,Ö ÅJ×TØ
Ù ¶MÚJ¼D·
¼D¹#Ð;µ=Ñ Ã Ò Ç�£�ÃJÇ;¥]Û
±!²�³/´�µ=¶;·3´�³/´�µ�¼N¾�Ü,´�Ê,¶;»D¼�Ð;²�ÀJº#Ê Ý�²�µ�Ñ#ÀJ²�Ñ#ÀJ¾]Þ#Â�»;Ü

Pca2(1)ß ¹#Â�µ�»N¼N·�·1¸#Â�¾E¼D¹#´�Â�ÀJ¹#´
a à £ È#ÒáÈ £�â;â,Ö�£J£ × Û

α à Ó Ã�ã
b à £�Ã Ò ¤�£ È £FÖ'¤ × Û

β à Ó Ã�ã
c à £mÇ Ò ¤J¥�Ç;¥,Ö�£�¥ × Û

γ à Ó ÃJã
ä ÀJ·
º#¾[¼ Å Ç�¤JÃ Ò�Ó Ö ÈF× Û 3

å Ü*±T¶;·
»Dº#·�¶�µ=¼N¸�¸#¼D¹#´�Â�µ�³ È#Ü £ Ò ÇJÇ;Õ ÐFæ�»N¾ 3

ç Þ#´�ÀJ²�Ê�µ�Â
ÀJ¹�»DÀ�¼�èE»DÂ
¼D¹Fµ ¥ Ò ¥JÃ È�¾[¾
−1

F
Ö'ÃJÃJÃ × £ È;È ¤

±!²�³/´�µ=¶;·3´�Â
éD¼ Ã Ò ¥Jâ�ê�Ã Ò ¥�£�ê�Ã Ò Ã�Õ ¾[¾
Ô Ñ#¼Dµ=¶[²�¶;¹#ÐJ¼U¿IÀJ²R¸,¶�µ9¶�»NÀJ·�·
¼D»Dµ=Â�ÀJ¹ £ Ò ¤J¤�ã µ�À ¥ Å�Ò ÕJÇJã
ë Â�¾EÂ�µ=Â�¹#Ð�Â�¹#¸#Â
»D¼N´ ì�Å £ ≤h≤ Å £ Ü�ì £�â ≤k≤ £�â Ü�ì�Å â ≤l≤ Å âí ¼�î,¼N»�µ=Â
À;¹#´�»NÀJ·�·
¼N»�µ=¼D¸eæ]º#¹�Â
ïFº#¼ Ç Å�Ó £�¥ æ £�ÃJÃ Ó Çñð

R
Ö Â�¹�µò× à Ã Ò ÃJâ;¤ Ó�ó

±!ÀJ¾EÊ�·
¼Dµ�¼N¹#¼D´�´Rµ=À
θ à ¥ Å/Ò ÕJÇ Ó;Ó�Ò Ç;ô

ç Þ#´�ÀJ²�Ê�µ�Â
ÀJ¹�»DÀJ²�²�¼N»Dµ�Â
ÀJ¹ õzº�·�µ=Â�´�»N¶;¹
í ¼�½,¹#¼N¾[¼N¹�µ�¾[¼Dµ=Ñ�À�¸ Î º#·�·�ì�¾E¶�µ�²�Â ê ·�¼M¶;´�µ�ìö´�ïFº,¶;²�¼N´�ÀJ¹

F 2

Ä�¶�µ9¶Eæ]²�¼D´�µ=²�¶;Â
¹�µ�´÷æ]Ê,¶�²=¶;¾[¼Dµ�¼N²�´ £�Ã;Ã Ó Ç æ £ æ�Å;Ó â
ø À/À�¸�¹#¼N´�´�ì�À�¿�ìö½#µRÀ;¹

F 2 £ Ò ÃJÃJ¥
Î Â
¹,¶�·

R
Â�¹#¸#Â�»N¼N´ ð

I ù Å σ Ö I ×�ó R1 à Ã Ò ÃJ¥J¥;¥ Ü�Ï
R2 à Ã Ò Ã�Ç;¥�£

R
Â
¹�¸#Â
»D¼N´ Ö ¶�·
·ú¸#¶�µ9¶�×

R1 à Ã Ò ÃJ¥JâJÕ Ü�Ï
R2 à Ã Ò Ã�Ç;¥J¤

ç Þ#´�ÀJ·
º�µ�¼{´�µ=²�º#»Dµ�º#²�¼{Ê,¶�²=¶;¾[¼Dµ�¼N² Ã ÒáÈ £ È Ö�£ ÅJ×
ë ¶�²�ÐJ¼D´�µ�¸#Â�û%Ò#Ê\¼M¶;üý¶;¹#¸�Ñ#ÀJ·�¼ È#Ò £ Å ¤ ¶;¹�¸�ì Ã Ò Ç È â ¼ Û
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þ�ÿ��

�������
	��
��������������������������� ���!��"��#�$�%�%&�'(�)&��$*+�$*-,�".*0/1*0"��3254��
[(Me3Sn)2Cu2(CN)4 · (dpe)]

6 ��*-"��)78,�'9�:�%7;4<"='04>��* þ@?�� � �A�CBD�FE ?�G E � E
H /1I�7;�$7;'9�:�J254<�$/K&��;� �

22

L
28

��&
2

M
6

N "
2O 4<�$/K&��P�+Q�*-7;R<S�� G:��?.TVU<W

X *0/1IY*-�)�:�%&��%* þ[Z�\�] E<^�_
` �9a<*0�8*0"�R:�)S ?.TbG�þ@?�G�\Kc
�������������d���>�$�)*-/fe
�$I���'0*gR<�$4<&�I hi�$�)S.4<�%S�4�/Kj�7;':e

Pca2(1)
k "�78�A'-*0�8�d��7;/1*0"��$7;4<".�

a l þ9��Tm��ÿ<WJÿ�]�þ@? ^ c
α l U<?�n

b l þ9?.ToZ �#þ@U�]�G ^ c
β l U<?�n

c l þ�ÿ�Tb?<\�U��
]�þ E<^ c
γ l U<?�n

p 4<�8&�/1* E G<Z:�.TbU�]
\ ^ c 3

q e
�C�:�;'0&.�P�:�%*0�r��*-"��%7s�t� � e þ<TbG;ÿ<W Rvu '0/ 3

w j��%4<�$I.�)784<"='04>*-x1'078*0"�� \.TV\<\�Z /1/
−1

F
]�?<?�? ^ þ9�<��?

�������������d�$7;y-* ?.TbG E{z ?.T�þ@U z ?.TV?�Z /|/
X S�*(���!�)��".R<*i254<�A���:�)�}'04<�8�;*0'(�)784<" þ<TVU<\�n �%4 \ E ToZ�G<n
~ 7;/178�%7;"�R{7;"��.7;'0*-� ��E ? ≤h≤ E þ e�� þ[Z ≤k≤ þ[Z e>��E � ≤l≤ E G
� *-��*-'-�%7;4<"���'-4<�;�8*0'-�%*0�fuK&�"�78�>&.* \<U<?���� u U<Z�?��#� � ] 78"���^ l ?�Tb?�Z:\<\:�
��4</1I��8*-�)*-"�*0�$�A�)4

θ l \ E TbZ<G U<U�Tb\��
w j��%4<�$I.�)784<"='04<�$�%*-'-�)784<" �f&��s�)7;�$'9��"
� *-,�".*0/1*0"���/|*(�)S�4>� O &��;���t/|�:�)�$7sz!�8*9�����$�t�$�v&����%*-��4<"

F 2

Bi� ���1uK�%*0���)�%��7;"��)�3uKI����%��/1*-�)*-�%� U�Z�?�� u þ u!E U�Z
� 4�4>��"�*-�%���t4�2P��,��A4<"

F 2 ?.T�ÿ<U<W
O 78"����

R
7;".��7;'-*0� �

I � E
σ
]
I
^ �

R1 l ?.TV?<\���U e.Q
R2 l ?.Tb?<Z�U<U

R
7;"��.7;'0*-� ] ���8�����:�)��^

R1 l ?.TV?��vZ;ÿ e.Q
R2 l ?.Tb?�W E ?

w j��%4<�8&.�)*D���)�$&�'-�%&��%*+I����%��/|*(�)*-� ?.TV?�Z�\�]�þ@\ ^
~ ���$R<*0������78� T IJ*9���r�:"��fS.4<�;* þ<TbZ<Z<Z ��"��r� þ�Tb?<W E�* c

−3



�9���

���.���5���
���
���� �¡�¢�£>¤$¥�¦:§d¨�¦:¥�¦!¦�©.¨f¤�¥)¢%ª.«-¥)ª.¢%¬+¢%¬-­�©�¬0®1¬0©�¥�¯5°<¢
[Cu(CN) · (bpd)]

± ¨�¬0©�¥)²s­�«9¦ ¥)²;°�©#«-°�¨.¬ �@³<´ ¦ ¡A¡Cµi¡F¶ ³�´ ¶ ·�¸
¹ ®1º�²8¢%²;«0¦�§Y¯5°�¢%®Kª�§;¦ ¡

21 » 16

¡�ª½¼
3¾ °�¢%®Kª�§;¦{¿À¬0²;Á�Âv¥ ¸ ´ ¸.ÃbÄ �

Å ¬-®|ºJ¬0¢%¦:¥)ª�¢$¬ �[� ¸�Æ�¶<ÇCÈ
É ¦9Ê<¬-§;¬-©�Á�¥)Â ³ Ã ´��@³<´ ¸KË
¡�¢$£>¤$¥)¦�§�¤$£>¤$¥%¬0®#Ì�¤%º�¦�«-¬{Á�¢%°<ª�º Íf°�©�°�«-§;²8©�²;«:Ì

P2(1)/c
Î ©�²s¥�«0¬0§8§�¨�²8®|¬-©�¤%²8°<©�¤

a ÏÑÐ Ãm· ´�³ Ä�Æ�¸�ÇÀË α Ï Ä ³�Ò
b Ï ¶ ´ Ã � ¶<¶�Ä�Æ � ¸�ÇÓË

β Ï �@³�� Ã � · ��³ Æ �@³ Ç Ò
c Ï Ä.Ã Ð ³�� Ä�Æ5·vÇÀË γ Ï Ä ³�Ò

Ô °<§;ª�®1¬ � Ð ´ Ð Ã �@� Æ � ¸�ÇÀË 3

Õ Ì
¡C¦�§;«-ª�§P¦ ¥)¬0¨=¨�¬-©�¤%²s¥t£ ·�Ì � ÃV· � ¶�ÁvÖ:«0® 3

×ÙØ ¤$°<¢%º.¥%²;°<©=«-°�¬(Ú|«-²;¬-©v¥ � ÃV¸ �@³ ®1®
−1

F
Æ ³<³<³ Ç ´ Ð �

¡�¢$£>¤$¥)¦�§�¤%²;Û-¬ ³ Ã ´ ¶{Ü ³ Ãm·�¸�Ü ³ Ã ³�� ®1®
Å Â�¬-¥)¦1¢%¦�©�Á<¬D¯5°<¢A¨�¦ ¥�¦}«0°<§8§;¬-«-¥)²8°<© � Ãm· ��Ò ¥%°1¸�¶�Ã �<�<Ò
Ý ²8®|²s¥)²8©�Á�²8©�¨�²;«-¬0¤ ÞtÄ ≤h≤ � Ì.Þß· ³ ≤k≤ · � Ì�Þ � · ≤l≤ ���
à ¬(á�¬0«(¥)²;°�©�¤�«0°<§8§;¬0«(¥)¬-¨½ÖKª�©.²;âvª�¬ ¶:·�· ³<� Ö ��� · �rã

R
Æ
²8©v¥�Ç Ï ³ Ã ³ ¸ Ð ¶ ä

¡�°<®|º.§;¬-¥%¬0©�¬-¤%¤A¥)°
θ Ï ¸�¶>Ã �<� Ä � ÃbÄ<å

×ÙØ ¤$°<¢%º.¥%²;°<©=«-°<¢%¢$¬0«-¥%²;°<© Ífª.§8¥)²8¤%«0¦�©
à ¬(­�©�¬0®1¬0©�¥�®1¬-¥)Â.°�¨ ¾ ª�§8§sÞt®|¦:¥%¢%²sÜ1§8¬9¦�¤�¥$Þß¤%âvª�¦�¢$¬0¤�°<©

F 2

µi¦:¥�¦|ÖK¢%¬-¤$¥)¢%¦�²;©�¥%¤ÙÖKº�¦:¢)¦�®1¬-¥%¬0¢%¤ ��� · � Ö ³ Ö1¶<¶ Ð
æ °>°�¨.©�¬0¤$¤�Þt°:¯PÞß­�¥A°�©

F 2 ³ ÃVÄ<Ä�¶
¾ ²;©�¦:§

R
²8©�¨�²8«0¬0¤ ã

I ç ¶
σ
Æ
I
Çtä

R1 Ï ³ Ã ³ ¸ ��� Ì�¿
R2 Ï ³ Ã �@³<³��

R
²;©.¨�²;«-¬0¤+Æ�¦:§;§è¨�¦:¥�¦�Ç

R1 Ï ³ Ã ³���³ Ä.Ì�¿
R2 Ï ³ Ã �@³ Ä�Ä

Ý ¦:¢%Á<¬-¤$¥�¨�²8é�Ã�ºJ¬9¦�êë¦�©�¨#Â�°<§8¬ ³ Ã ´ ¸�¶}¦�©.¨=Þ ³ Ãb¸ ´<´ ¬0Ë
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�������������������������! "�$#%��&��'�)(+*�,�-)�/.0.1�325476

�98:��;"�<�
�>=@?)AB��C+C��)D7�E�����! "�/F)GH���'�)(I*3J�-)��K7�56

�MLN��OP��QSRT��U��SC��WVYX'&�&H�!Z\[^]1[_X^G:`���acb3d<e1f�gihjd<kmlNkcn�oNprq3s3git3�u(+*�*S-)6

�v21�xwy�<zy��{c|/RT}P~����WVYX'&�&H�!Z\[�]1[�X^G:`��3acb3d<e1f�gjhid<kmlNkcn�o1p�q3s3gjt7�u(+*S*��)6

�9�:�����>OE�u����~>|�������VYX'&�&H�!Z\[�]1[�X^G:`���acb3d<e1f�gjhid<kmlNkcn�o1p�q3s3gjt7�����S��(�6

�MKN���
���rRT��CI�����)���>��~I�������u�)��D7�E�EZ_�0]1`WG: ��![^]1�$�������! "�'�)(+*�,3�u���W�:��81�7�56

�9�:���E���r}���CIRT�����E ��!��XT`���]1`S�0�!GHGH ¡�EZ_�0]1`WG:[_XT`��+e5¢5£<s3p¤f��1�5��¥�p¤f¦£'d'bW�W(+*)6

�M�N��§"�<{¨���/|/���/©5�0wy�<zy�<{¨|�RT}P~>���7���<ª��<«¬RT©­�u�/�S|��®D7�¯�EZ_�0]1`WG: ��![^�>�����! "�'�3(+*�*u(��0�S.0.1�0L085�H°
L5L5±76

�M4N�����)§²©­?����3���u«�?�|��/RT�S©5�3=P�uOE©­³�RT�����������)´Y~0µ+~>|�|W?¶�I�
��wy�u§Y©­?��¯�7·!`WG:Z_�y�����! ¸���![�]1�
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