¦ÁÃ¿ó¶ÌÀ®Æ �M�C�M�-�2�2�ÇÀ �ÕÇº¼ �×¹ �¯Æº¼ �Ðº®¼¡¿ �ü°ÑÇ �¬¿¸±
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�S�y�n�t�h�e�s�i�s� �a�n�d� �C�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �Z�e�o�l�i�t�e� �M�C�M�-�2�2�
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�S�e�o�n�g� �K�y�u�n� �K�i�m�,� �J�i� �M�a�n� �K�i�m� �a�n�d� �R�y�o�n�g� �R�y�o�o�


�D�e�p�a�r�t�m�e�n�t� �o�f� �C�h�e�m�i�s�t�r�y�,� �K�A�I�S�T�
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�Ì¹¼¼ �â±ø°»À �®°Â´ �¦ÁÃ¿ó¶ÌÀ®Æª³ �A�l�P�O�4�Í¿ �°°ºÀ �ÐºÚÀ¼ÃéµºÀ �ÐºÚÀÇÀ �±¼ÃÅûÀ �íÈøÂÌÀª³ �ÌÀÂ¿ �³±¯È �É´Â· �îµÇÀ �¯Æº¼»À �®°í° �ÖÀî¾ �íÈøÂ¦Á �Ç¶Â´ �ËÃÅ¸ �ã´¼ÃÎ·á½ �ç»ë¿ÈµÙ´.� � �ÖÃÙ±¡¿ �M�o�b�i�l� �ç»ÇÀ �¬¿¸±øÁéµ¡¿ �ÇÀØÇ �¸ºí°Èµ �¦ÁÃ¿ó¶ÌÀ®Æ �M�C�M�-�2�2�Â´ �â±¸ÁÇÀ �¦ÁÃ¿ó¶ÌÀ®ÆÍ¿Â´ �Þ´®¸ �Îµ³°ÇÀ �¶µ³¸ûÀÎÀ �â±ø° �¸±¶Á¦¸ �öÁÏ´í° �ÖÀÂ´ �2�÷Âø¿ �¸±¶ÁÎ· �ÌÀç·î¾®Á �ÖÀÙ´ �[�1�,� �2�]�.� � �M�C�M�-�2�2�Â´ �ô³ºÀ �­¿ �È¾¤Áº¼ �(�9�0�0�É¡)� �ú° �«Å �íÈøÂ �É´Â· �(�°¹¡¿ �ë´ÏÇ©¿ �1�5� �w�t�%�)� �»À �®°í° �Ç¶ÑÇ,� �ÕÇº¼ �ú°¤Á �ßÁ¡¿ �Ë¾ç·Ì¹½´»À �¸±¶Á �ñ°Ý° �»³¡¿ �·Ã¡°ÏÇÔ° �Çµé¸ �ÌÀÂ¿³±¯È �ÚÀ®¸Í¿ �ê»¡ÁÌÀ �üÇº¼Çµâ± �§¶®¹¡¿ �ËÃÅ¸Î·­¼ �ç»ë¿Éµ �ö¼ �ÖÀÙ´ �[�1�,� �2�]�.� � �
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�×±²¸ �1�.� �M�C�M�-�2�2�ÇÀ �ð¸¨µ �¸±¶Á �[�1�]�.�
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�M�C�M�-�2�2�ÇÀ �ð¸¨µ �¸±¶Á¦¸ �¸ºé¸ �×±²¸ �1�ú° �°°Ù´.� � �X�-�±¼ �¸ÈýÀ �Ðº®¼ �(�X�R�D�)�ú° �üÀÚÀöÇÌ¹æ° �ç»øÁÇÀ �á°ú°¡¿ �ÇÀÏÇé¸ �â±ø° �ÔÀ¸±¡° �1�0� �³°ÇÀ �ê»Ò¼Î· �ÌÀç·î¾®Á �ÖÀÂ´ �­¼Î· �¶µ³¸ûÀÎÀ �Îµ³°ÇÀ �â±ø° �¸±¶ÁÎ· �ÌÀç·î¾øÁ �¶µ¯ÆÑÇ �¸±¶Á¦¸ �®°Â´Ù´ �[�1�,� �3�]�.� � �ÌÀßÁ �ÏÇª³Â´ �â±ø°ÌÀ �ÌÀ÷Âø¿¸ÀÎ· �ç»ÎÀî°±¼ú° �°°ºÀ �ð¸ç¾»À �ÌÀç·í° �ÖÀí°,� �Ù´¥¸ �ÏÇª³Â´ �«Å �Ù¹¸±Ï´ �(�c�a�g�e�)� �¸±¶Á¦¸ �ÏÇÂ´¥µ �ô³ÌÀ¡° �1�8�.�2�Ê¡ÌÀí° �öÁ§¸ÌÀ �7�.�1�Ê¡ÌÀÙ´.� � �


�ÌÀ¯·ÑÇ �M�C�M�-�2�2�ÇÀ �°¹®¸ûÀ �¯Æº¼ú° �¸±¶ÁûÀ �¯Æº¼»À �ÌÀë¿ÏÇ©¿ �©¿¯· �¡°öÁ �ËÃÅ¸ �Ý¹ÀÀ¡¿ �ÀÀë¿Éµ �ö¼ �ÖÀÙ´í° �¸ºí°Çµí° �ÖÀÙ´.� � �¹¿¦¸ �éµé¸ �Ã¿¹·ÉÇ �ÌÀº¼úÁ­È �(�o�l�e�f�i�n� �i�s�o�m�e�r�i�z�a�t�i�o�n�)� �Ý¹ÀÀ �[�4�]� �×¹ �©Å¡··Å �(�c�r�a�c�k�i�n�g�)� �Ý¹ÀÀ �[�5�]�,� �ÄÆó¶ÉÇÇÀ �Ã¿¹·ÉÇú° �æ¹âÇ·Á¸ÀÎ·ÇÀ �üÀ¯È �(�c�o�n�v�e�r�s�i�o�n� �o�f� �p�a�r�a�f�f�i�n�s� �t�o� �o�l�e�f�i�n�s� �a�n�d� �a�r�o�m�a�t�i�c�s�)� �Ý¹ÀÀ �[�6�]�ú° �ÄÆó¶ÉÇ �Ë¾³Å­È �(�p�a�r�a�f�f�i�n� �a�l�k�y�l�a�t�i�o�n�)� �Ý¹ÀÀ �[�7�]� �îµÌÀ �ÖÀÙ´.�


�»º �¬¿¸±¡¿­¼Â´ �M�C�M�-�2�2�¦¸ �ö¼­¿ �Ý¹ÀÀ»À �ëÅÏÇ©¿ �ÕÇº¼ÏÇ©¿ �é¹Ý±»À �ÌÀÂ¿³±¯Èý¹ �×¹ �ÔÇ§Äý¹»À �ÌÀë¿ÏÇ©¿ �ã´öÁÃ½²Å �ÄÈ �X�R�D�×¹ �ÖÁç»üÀÚÀöÇÌ¹æ° �(�S�E�M�)�,� �2�9�S�i� �M�A�S� �N�M�R�,� �2�7�A�l� �M�A�S� �N�M�R�,� �1�2�9�X�e� �N�M�R�,� �ö¼Ò¼ �íÈøÂý¹,� �©Å¼¼í³ �íÈøÂý¹ �îµ»À �ëÅÏÇ©¿ �¯Æº¼ �¶Áç»¦¸ �ÏÇí°ÚÀ �ÑÇÙ´.�
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�Ç½èÇ �æ¹ý¹


�»º �¬¿¸±¡¿­¼ �ç»ë¿Èµ �M�C�M�-�2�2�ºÀ �Ù´½Àú° �°°ºÀ �ö¼­¿ �æ¹ý¹¸ÀÎ· �ÕÇº¼ÏÇ´¿Ù´.� � �M�C�M�-�2�2�Â´ �ÖÁüÇ �°¹úÁ �(�t�e�m�p�l�a�t�e�)�ºÀ �h�e�x�a�m�e�t�h�y�l�e�n�e�i�m�i�n�e� �(�C�6�H�1�2�N�H�,� �A�l�d�r�i�c�h�,� �9�9�%�)�,� �Ç½®¸«Äø¿¸ÀÎ·Â´ �A�e�r�o�s�i�l� �2�0�0� �(�D�e�g�u�s�s�a�)�,� �Ë¾ç·Ì¹½´ø¿ºÀ �s�o�d�i�u�m� �a�l�u�m�i�n�a�t�e� �(�N�a�A�l�O�2�,� �S�t�r�e�m� �C�h�e�m�i�c�a�l�s�,� �9�1�.�9�%�)�¦¸ �¢°¢° �ç»ë¿ÏÇ´¿Ù´.� � �Õ¸úÀ �h�e�x�a�m�e�t�h�y�l�e�n�e�i�m�i�n�e�ú° �N�a�O�H�,� �N�a�A�l�O�2�¦¸ �õÁù·ö¼¡¿ �ì³ÎÀ �ÄÈ �ÌÀ �ë¿×¾¡¿ �A�e�r�o�s�i�l� �2�0�0�»À �Ö³ºÀ �ÄÈ �3�0�Ðº �¿µÈ¾ �Ý°Ä·ÏÇÔ° �³±Ý¹ÏÇ´¿Ù´.� � �ÌÀ§¶ �Ý¹ÀÀ �¥ÈÕÇ°¹ÇÀ �¶Áº¼ºÀ �S�i�O�2�/�A�l�2�O�3� �=� �3�0�;� �O�H�/�S�i�O�2� �=� �0�.�3�0�;� �N�a�/�S�i�O�2� �=� �0�.�3�0�;� � �H�M�/�S�i�O�2� �=� �0�.�5�0�;� �H�2�O�/�S�i�O�2� �=� �4�0�ÌÀú¾Ù´.� � �Ý¹ÀÀ �¥ÈÕÇ°¹»À �Ð¾Â· �ë¿â± �(�a�u�t�o�c�l�a�v�e�)�¡¿ �Ö³í° �6�0� �r�p�m�¸ÀÎ· �¸ÈüÀÃ½°Åé¸­¼ �1�5�0�É¡¡¿­¼ �7�ÏÀ �¿µÈ¾ �ö¼­¿ �Ý¹ÀÀÃ½×ÄÙ´.� � �§ÄüÀ°¹»À �©¿ú°ÑÇ �ÄÈ �ÌÀ÷Â �õÁù·ö¼¦¸ �ç»ë¿ÏÇ©¿ �¼¼´ÃÏÇ´¿í° �¼¼´ÃÈµ �Ã½á·¦¸ �1�0�0�É¡¡¿­¼ �Ç°¶ÁÏÇ´¿Ù´.� � �Ç°¶ÁÈµ �Ã½á·¦¸ �ê»Ò¼¦¸ �êÈ®¸é¸­¼ �5�4�0�É¡¡¿­¼ �Ò¼º¼ �³Ã®¸ÏÇ©¿ �M�C�M�-�2�2�¦¸ �ò¾ú¾Ù´.�


�é¹Ý± �¬Å¯·º½ÍÅ¦¸ �¦Á¶ÁÏÇâ± �§ÀÏÇ©¿ �ÌÀÂ¿ �³±¯Èý¹ú° �ÔÇ§Äý¹»À �ÌÀë¿ÏÇ©¿ �é¹Ý± �¬Å¯·º½ÍÅ¦¸ �¦Á¶ÁÏÇ´¿Ù´.� �ÌÀÂ¿ �³±¯Èý¹»À �ÌÀë¿ÑÇ �æ°ì¿¡¿Â´ �é¹Ý±ÇÀ �üÀ¸± �°¹úÁÎ· �P�t�(�N�H�3�)�4�(�N�O�3�)�2�¦¸ �ç»ë¿ÏÇ´¿Ù´.� � �é¹Ý±ÌÀ �ÌÀÂ¿ �³±¯ÈÈµ �Ã½á·¦¸ �3�2�0�É¡¡¿­¼ �ê»Ò¼¦¸ �êÈÁ·ÖÁé¸­¼ �Ò¼º¼ �³Ã®¸ÑÇ �ÄÈ,� �ö¼Ò¼ �Ðº§Àâ± �ÏÇ¡¿­¼ �3�0�0�É¡¡¿­¼ �¯Èø¿ �³Ã®¸ �ÏÇ´¿í° �4�0�0�É¡¡¿­¼ �1�¿¡1�0�-�3� �P�a�î±öÁ �øÁø° �³Ã®¸ÏÇ´¿Ù´.� � �ÔÇ§Äý¹»À �ÌÀë¿ÑÇ �æ°ì¿¡¿Â´ �é¹Ý±ÇÀ �üÀ¸± �°¹úÁÎ· �H�2�P�t�C�l�6�¦¸ �ç»ë¿ÏÇ©¿ �ã´öÁÏÇ´¿Ù´.� � �ÔÇ§Äý¹¡¿ �ÇÀÑÇ �é¹Ý±»À �ã´öÁÑÇ �Ã½á·¦¸ �5�0�0�É¡¡¿­¼ �ê»Ò¼¦¸ �êÈÁ·ÖÁé¸­¼ �Ò¼º¼ÑÇ �ÄÈ¡¿ �3�0�0�É¡¡¿­¼ �ö¼Ò¼¦¸ �êÈ®¸é¸­¼ �¯Èø¿ÏÇ´¿Ù´.� � �¢° �Ã½á·ÇÀ �é¹Ý± �ÔÇ®·ºÀ �Ç°¶ÁÈµ �ó»ÂÅÎ· �¢°¢° �2� �w�t�%�Î· �ÏÇ´¿Ù´.� � �¢° �Ã½á·Â´ �P�t�/�M�C�M�-�2�2�(�i�o�n�)�ú° �P�t�/�M�C�M�-�2�2�(�i�m�p�)�Î· �¥ÇÃ½ÏÇí°ÚÀ �ÑÇÙ´.�


�¢° �Ã½á·¡¿ �ë´ÑÇ �X�-�±¼ �¸ÈýÀ(�X�R�D�)� �üÇÂÅÂ´ �R�i�g�a�k�u� �D�/�M�A�X�-�²¥ �(�3� �k�W�)� �åÀ¡ÄÎ· �C�u� � �K�á¥ �X�-�±¼ø¿»À �ç»ë¿ÏÇ©¿ �ó»Â¿¡¿­¼ �ò¾ú¾Ù´.� � �1�2�9�X�e� �N�M�R� �º½åÆ®Æ³·ºÀ �©Å¼¼í³ �â±¼ÃÇÀ �òÆüÇ �Ð¾Â·»À �5�3�.�3� �k�P�a�Î· �Â¸áÃ �ÄÈ �2�3�É¡¡¿­¼ �B�r�u�k�e�r� �A�M� �3�0�0� �åÀñº¦¸ �ç»ë¿ÏÇ©¿ �8�3�.�0� �M�H�z�¡¿­¼ �ò¾ú¾Ù´.� � �2�9�S�i� �M�A�S� �N�M�R�ú° � �2�7�A�l� �M�A�S� �N�M�R� �º½åÆ®Æ³·ºÀ �°°ºÀ �â±â±Î· �¢°¢° �5�6�.�9� �M�H�z�Í¿ �7�8�.�2�M�H�z�¡¿­¼ �ò¾ú¾Ù´.� � �ÌÀ§¶ �Ã½á·ÇÀ �¸ÈüÀ �Ó¼µµÂ´ �4�k�H�z�Î· �ÏÇ´¿Ù´.� � �â±¼ÃÇÀ �íÈøÂ �Ç½èÇºÀ �¸ºëÅÇÀ �íÈøÂ �åÀ¡Ä¦¸ �ç»ë¿ÏÇ©¿ �Ç½Ã½ÏÇ´¿Ù´.�
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�á°ú° �×¹ �í°ûÂ


� �×±²¸ �2�Â´ �»º �¬¿¸±¡¿­¼ �ÕÇº¼ÑÇ �M�C�M�-�2�2� �Ã½á·Î·ÎºÍÅ �ò¾ºÀ �X�R�D� �üÇÂÅÌÀÙ´.� � �ÌÀ¯·ÑÇ �X�R�D� �üÇÂÅÂ´ �â±¸ÁÇÀ �®¹åÇ¡¿­¼ �¸ºí°ÑÇ �Í° �[�1�,� �3�]�ú° �ÇÇ©ÅÇÀ �¼¼â±ª³ �±¼ÇÀ �ð¸ç¾ÌÀ �Å°ÇÀ �ÏÀ¡ÄÏÇÂ´ �á°ú°¦¸ �¸º©¿ØÁÙ´.� � �×±²¸ �2�¡¿­¼ �¸ºé¸ �Ò¼º¼ �³Ã®¸ÏÇâ± �üÀú° �Ò¼º¼ �³Ã®¸ÑÇ �ÄÈÇÀ � �X�R�D� �üÇÂÅ¡¿­¼ �÷ÂÌÀ¡° �ª³¸Åª³Â´ �Í°»À �Ë¾ �ö¼ �ÖÀÙ´.� � �ïÁ,� �Ò¼º¼ �³Ã®¸ÏÇâ± �üÀ¡¿ �ñºÏÇ©¿ �Ò¼º¼ �³Ã®¸¦¸ �ÏÇÔ° �Çµé¸ �¢° �ÇÇ©ÅÇÀ �ÐºØÇÉ´ÌÀ �õÁ¡°ÑÇÙ´.� � �ÌÀÂ´ �Ò¼º¼ �³Ã®¸ �üÀÇÀ �Ã½á·ÇÀ �æ°ì¿ �¸±¶ÁûÀ¸ÀÎ· �î¾À´ �¤Áµµ �«¹úÁ­¼ÑÇ �ó»ÂÅ´¿Ù´¡° �Ò¼º¼ �³Ã®¸¡¿ �ÇÀØÇ �M�C�M�-�2�2�Î· �¯º­ÈÑÇÙ´Â´ �â±¸ÁÇÀ �¸ºí°Í¿ �ÏÀ¡ÄÏÇÂ´ �á°ú°ÌÀÙ´ �[�8�]�.� � �2�9�S�i� �×¹ �2�7�A�l� �M�A�S� �N�M�R� �á°ú°µµ �Ç¶ÑÇ �â±¸Á¡¿ �¸ºí°Èµ �Ù¹ �[�9�]�Í¿ �ÏÀ¡ÄÏÇ´¿Ù´.� � �2�7�A�l� �M�A�S� �N�M�R� �á°ú°¡¿ �ÇÀÏÇé¸ �M�C�M�-�2�2�Â´ �Ò¼º¼ �³Ã®¸ �üÀ¡¿Â´ �ð¸çµ �Ë¾ç·Ì¹½´ÌÀ �ñ°Ý° �»³¡¿ �¸ÁçÀÏÇí° �ÖÀÙ´¡° �Ò¼º¼ �³Ã®¸¡¿ �ÇÀØÇ �à¾ �2�0�%� �¤ÁµµÇÀ �Ë¾ç·Ì¹½´ÌÀ �»ÅË¾ç·Ì¹½´­È �(�d�e�a�l�u�m�i�n�a�t�i�o�n�)�ÈµÙ´Â´ �Í°»À �Ë¾ �ö¼ �ÖÀú¾Ù´.� � �ÖÁç»üÀÚÀöÇÌ¹æ° �ç»øÁ¡¿ �ÇÀÏÇé¸ �M�C�M�-�2�2�Â´ �1�-�1�.�5�­§ �¤ÁµµÇÀ �©Åâ±¦¸ �®°Â´ �ÇÆó» �(�s�h�e�e�t�-�l�i�k�e�)� �¸±¶Á¦¸ �ÏÇí° �ÖÀÙ´.�


���E�M�B�E�D� �J�S�S�P�W�G�r�a�p�h�i�c�������


�×±²¸ �2�.� �M�C�M�-�2�2�ÇÀ �X�-�±¼ �¸ÈýÀ �üÇÂÅ.�
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�»º �¬¿¸±¡¿­¼ �ÕÇº¼ÑÇ �M�C�M�-�2�2�¡¿ �P�t�(�N�H�3�)�4�(�N�O�3�)�2� �×¹ �H�2�P�t�C�l�6�¦¸ �ÌÀë¿ÏÇ©¿ �ÌÀÂ¿ �³±¯Èý¹ú° �ÔÇ§Äý¹»À �ÌÀë¿ÏÇ©¿ �¦Á¶ÁÑÇ �¢°¢°ÇÀ �Ã½á·¡¿ �ë´ÏÇ©¿ �ö¼Ò¼ �íÈøÂ®·»À �íÈøÂåÀ¡Ä¦¸ �ÌÀë¿ÏÇ©¿ �¸±ÏÇ´¿Ù´.� � �ÌÀÂ¿ �³±¯Èý¹»À �ÌÀë¿ÏÇ©¿ �¦Á¶ÁÈµ �2� �w�t�%� �P�t�/�M�C�M�-�2�2�(�i�o�n�)�ÇÀ �æ°ì¿ �1�.�4� �(�H�/�P�t�)�t�o�t�a�l�ÌÀú¾í° �ÔÇ§Äý¹»À �ÌÀë¿ÏÇ©¿ �¦Á¶ÁÑÇ �2� �w�t�%� �P�t�/�M�C�M�-�2�2�(�i�m�p�)�ÇÀ �æ°ì¿Â´ �1�.�3� �(�H�/�P�t�)�t�o�t�a�l� �Î· �é¹Ý± �¬Å¯·º½ÍÅÇÀ �©Åâ±Â´ �Ý±Ó¼ÇÀ �ã´öÁ �æ¹ý¹¡¿ �ûµó¶ �Å°ÇÀ �¯º­ÈÏÇöÁ �Ê¾Â´Ù´Â´ �Í°»À �Ë¾ �ö¼ �ÖÀÙ´.� � �ÌÀ¯·ÑÇ �ö¼Ò¼ �íÈøÂ �á°ú°Â´ �1� �n�m� �©Åâ±ÇÀ �é¹Ý± �¬Å¯·º½ÍÅ¦¸ �®°Â´Ù´í° �Ë¾Á·øÁ �P�t�/�N�a�Y�ÇÀ �æ°ì¿ �[�1�0�]� �ö¼Ò¼ �íÈøÂ®·ÌÀ �1�.�2� �(�H�/�P�t�)�t�o�t�a�l�ÇÀ �ª°»À �®°Â´ �Í°ú° �ñº³±ÏÇ´¿»À �§¶ �ñºÁ½ÑÇ �ª°ÌÀÙ´.� � �ïÁ,� �M�C�M�-�2�2�¡¿ �ã´öÁÈµ �é¹Ý± �¬Å¯·º½ÍÅÂ´ �P�t�/�N�a�Y�ÇÀ �æ°ì¿Í¿ �ñºÁ½ÏÇÔ° �1� �n�m� �ÌÀÏÇÇÀ �©Åâ±¦¸ �®°Â´Ù´Â´ �Í°»À �Ë¾ �ö¼ �ÖÀÙ´.� � �ÌÀ¯·ÑÇ �á°ú°Î·ÎºÍÅ �M�C�M�-�2�2�¡¿ �ã´öÁÈµ �é¹Ý± �¬Å¯·º½ÍÅ �ÑÇ �³°ç´ �é¹Ý± �ø¿ÚÀÇÀ �¹°ö¼¦¸ �4�0� �-� �5�0� �³°ó¶í° �¡°¤ÁÏÇé¸,� �©Å¼¼í³ �íÈøÂ �á°ú°¡¿ �ÇÀØÇ �é¹Ý± �¬Å¯·º½ÍÅ �ÑÇ �³°¡¿ �9� �-� �1�0� �³°ÇÀ �©Å¼¼í³ �ø¿ÚÀ¡° �íÈøÂÑÇÙ´.� � �é¹Ý± �¬Å¯·º½ÍÅ¡° �ÌÀ÷Âø¿ �ç»ÎÀî°±¼»À �ÌÀç·Â´ �â±ø°¡¿ �üÇº¼Çµú¾Ù´é¸ �â±ø° �¸±¶Á¡¿ �ÇÀØÇ �é¹Ý± �¬Å¯·º½ÍÅ �ÑÇ �³°¡¿ �Îµ³°ÇÀ �©Å¼¼í³ �ø¿ÚÀ¸¸ÌÀ �íÈøÂÒÇ �ö¼ �ÖÀÙ´.� � �ûµó¶­¼ �é¹Ý± �¬Å¯·º½ÍÅÂ´ �M�C�M�-�2�2�ÇÀ �«Å �Ù¹¸±Ï´ �(�c�a�g�e�)� �»³Îº¡¿ �üÇº¼Çµú¾Ù´í° �¯ÀßÃÒÇ �ö¼ �ÖÀÙ´.� �
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