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�T�h�e�r�m�a�l� �s�t�a�b�i�l�i�t�y� �a�n�d� �r�e�a�c�t�i�o�n� �m�e�c�h�a�n�i�s�m� �o�f� �C�u�(�°¥)� �p�r�e�c�u�r�s�o�r�s�
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�M�a�n�-�Y�o�u�n�g� �P�a�r�k� �a�n�d� �S�h�i�-�W�o�o� �R�h�e�e�


�D�e�p�a�r�t�m�e�n�t� �o�f� �C�h�e�m�i�c�a�l� �E�n�g�i�n�e�e�r�i�n�g�,� �P�O�S�T�E�C�H� �
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�­¼ �Ð·


� � � � �ýÁûÀ¸ÈÎ·Â´ �µµ¼Ã,� �ýÀ¬¿¼Ã,� �Ý¹µµ¼Ã �îµÌÀ �Ú¹·¸ �üÇÂÅÎ· �ûÀýÀÏÇÔ° �è¹­¿Çµî¾ �üÀÚÀ �¸ÈÎ·¦¸ �üÇº¼ÔÇ¸ÀÎ·á½ �ø¿ÏÇÂ´ �â±É´»À �ö¼àÇÏÇÔ° �ÈµÙ´.� �ÌÀ �¡°î¿¥µ �è¹±¼»À �§ÀÑÇ �µµ¼Ã �Ú¹·¸»À �¸¸åµÂ´ �Ý±Ó¼ �è¹±¼ �ø°¤ÁºÀ �ýÁûÀ¸ÈÎ·ÇÀ �Å½Ú·µµÍ¿ �ö¼²À¡¿ �¡°åÀ �«Å �µ¿âÇ»À �ÖÁÂ´ �ø°¤Á¸ÀÎ· �ÊÃ �í°ýÁûÀ­È �Ã½ë´¦¸ �Â¸ÌÀÏÇé¸­¼ �×± �ßÁä¿º¼ÌÀ �õ´í¿ �õÁë´Çµí° �ÖÀÙ´.� � �¸±®¸Â´ �ô³ºÀ �üÀâ± �üÀµµº¼ú° �­¿ �üÀµµº¼»À �öÁÏ´í° �ÖÀ¸Àç¸,� �Ë¾ç·Ì¹½´¸ºÙ´ �e�l�e�c�t�r�o�m�i�g�r�a�t�i�o�n�¡¿ �ë´ØÇ �õ´ �«Å �úÀ×Ç»À �ª³¸Å»³Ç¹Î· �÷Â¼¼ë´ �è¹±¼ �çÀá·Î·­¼ �ÖÁñ¸»À �Þ¹í° �ÖÀÙ´.� �ÖÃÙ±¡¿ �¸±®¸ �Ú¹·¸ÇÀ �õÁøÂ»À �§ÀØÇ �¯Àâ±Ý±Ó¼ �­ÈÕÇ°¹»À �üÀ¸±¼ÃÎ· �ç»ë¿ÏÇÂ´ �M�O�C�V�D� �(�M�e�t�a�l� �O�r�g�a�n�i�c� �C�h�e�m�i�c�a�l� �V�a�p�o�r� �D�e�p�o�s�i�t�i�o�n�)� �ø°¤ÁÌÀ �¹¸ÌÀ �¬¿¸±Çµî¾öÁí° �ÖÀÙ´.�


� � � � �»º �¬¿¸±¡¿­¼Â´ �¸±®¸(�°¥)� �­ÈÕÇ°¹ �¡°î¿¥µ �½ÀÌÀÂ¿ �®¸£°åµÎ· �ó»ë´ûÀ¸ÀÎ· �õÁâ±Ð¾ÌÀ �ô³ºÀ �h�f�a�c�(�h�e�x�a�f�l�u�o�r�o�a�c�e�t�y�l�a�c�e�t�o�n�a�t�e�)�ÌÀ �÷ÆÔÇÈµ �(�h�f�a�c�)�C�u�(�V�T�M�S�)� �(�V�T�M�S� �;� �v�i�n�y�l�t�r�i�m�e�t�h�y�l�s�i�l�a�n�e�)�,� � �(�h�f�a�c�)�C�u�(�V�T�M�O�S�)� �(�V�T�M�O�S� �;� �v�i�n�y�l�t�r�i�m�e�t�h�o�x�y�l�s�i�l�a�n�e�)�,� �(�h�f�a�c�)�C�u�(�A�T�M�S�)� �(�A�T�M�S� � �;� �a�l�l�y�l�t�r�i�m�e�t�h�y�l�s�i�l�a�n�e�)�¦¸ �üÀ¸±¼ÃÎ· �ç»ë¿ÏÇ©¿ �¸±®¸ �Ú¹·¸»À �õÁøÂÏÇí°,� �õÁøÂÈµ �Ú¹·¸ÇÀ �©¿¯· �¯Æº¼éµ»À �®ÈÎÀÏÇ´¿Ù´.� �×±®¸í° �i�n�-�s�i�t�u� �F�T�-�I�R�»À �ÌÀë¿ØÇ �üÀ¸±¼ÃÇÀ �â±ó»¡¿­¼ÇÀ �ÐºØÇ �¯Æº¼»À �®ÈÎÀÏÇí° �F�T�-�N�M�R�»À �ÌÀë¿ØÇ �­¿ûÀ �È¾¤Áº¼»À �ñº³±ÏÇ´¿¸Àç¸ �ÌÀ¯·ÑÇ �¯Æº¼ÌÀ �õÁøÂ �Ó¼µµ¡¿ �Ì¹¡ÄÂ´ �µ¿âÇ»À �Ô±í¸ÏÇ´¿Ù´.�
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�Ç½ �èÇ


� � � � �»º �¬¿¸±¡¿­¼Â´ �õÁøÂåÀñºÎ·­¼ �ÚÀ¼Ã¡¿­¼ �¦ÁÛÀÑÇ �q�u�a�r�t�z� �Ý¹ÀÀâ±¦¸ �ç»ë¿ÏÇ´¿¸Àç¸,� �F�i�g�.� �1�¡¿Â´ �í°¼Ã �üÀ¸±¼ÃÎÀ �(�h�f�a�c�)�C�u�(�A�T�M�S�)�ÇÀ �æ°ì¿ �õÁøÂ»À �§ÀØÇ �ç»ë¿Èµ �Ý¹ÀÀâ±¦¸ �ª³¸Å»³ú¾Ù´.� �üÀ¸±¼Ã �¡°î¿¥µ �(�h�f�a�c�)�C�u�(�V�T�M�S�)�Í¿ �(�h�f�a�c�)�C�u�(�V�T�M�O�S�)�Â´ �U�P� �c�h�e�m�i�c�a�l�Î·ÎºÍÅ �¸±ÔÀÏÇ´¿¸Àç¸,� �(�h�f�a�c�)�C�u�(�A�T�M�S�)�Â´ �ÏÀ»ºÇÀ �M�I�T�S�U�B�I�S�H�I� �M�a�t�e�r�i�a�l�s�Î·ÎºÍÅ �¸±ÔÀÏÇ´¿Ù´.� �î¿Ý¹ �â±¼ÃÂ´ �Òº°Èº¼ �â±¼ÃÎÀ �Æ¾£¸ï°»À �ç»ë¿ÏÇ´¿¸Àç¸ �â±ÇÆ �Â¿µµÂ´ �6�0� �-� �3�0�0� �É¡,� �ö¹íº¯·ÇÀ �Â¿µµÂ´ �5�0� �-� �6�0� �É¡Î· �¯ÀöÁÏÇ´¿Ù´.� �ÑÇíÆ �õÁøÂÈµ �Ú¹·¸ÇÀ �¯Æº¼ºÀ �X�R�D�(�X�-�r�a�y� �d�i�f�f�r�a�c�t�i�o�n�)�,� �A�F�M�(�A�t�o�m�i�c� �f�o�r�c�e� �m�i�c�r�o�s�c�o�p�y�)�,� �A�E�S�(�A�u�g�e�r� �e�l�e�c�t�r�o�n� �s�p�e�c�t�r�o�s�c�o�p�y�)� �îµ»À �ÌÀë¿ÏÇ´¿Ù´.�


� � � � �Ç¶ÑÇ �üÀ¸±¼ÃéµÇÀ �­¿ûÀ �È¾¤Áº¼»À �ñº³±ÏÇâ± �§ÀØÇ �F�T�-�N�M�R�(�3�0�0�M�H�z�,� �B�r�u�k�e�r�)�¦¸ �ç»ë¿ÏÇ´¿Ù´.� �×±®¸í° �ÚÀ¼Ã¡¿­¼ �¦ÁÛÀÑÇ �I�R� �g�a�s� �c�e�l�l�»À �ÌÀë¿ÏÇ©¿ �â±ó»¡¿­¼ÇÀ �ÐºØÇ �¯Æº¼»À �¬¿¸±ÏÇ´¿Â´¥µ,� �F�i�g�.� �2�¡¿ �I�R� �g�a�s� �c�e�l�l�ÇÀ �¸±¶Á¦¸ �ª³¸Å»³ú¾Ù´.� �üÀ¼Ã¡° �q�u�a�r�t�z�Î· �¸±º¼Çµî¾ÖÀ¸Àç¸ �1�0�0� �-� �4�0�0�É¡ �ü¹§À �»³¡¿­¼ �Â¿µµ �¶ÁýÀÌÀ �¡°É´ÏÇÔ° �ÏÇ´¿Ù´.� �ÌÀÍ¿ �°°ÌÀ �¸±º¼Èµ �g�a�s� �c�e�l�l�»À �F�T�-�I�R� �(�M�I�D�A�C�,� �U�S�A�)� �ÇÀ �»³ÎºÎ· �Å¿ä± �ÄÈ �I�R� �b�e�a�m�»À �¶Áç»ÏÇ´¿¸Àç¸ �×¾¼Ã �úÁÒ¼(�-�1�9�6�É¡)�Î· �Ã³¢°ÇµÂ´ �M�C�T� �(�H�g�-�C�d�-�T�e�)� �d�e�t�e�c�t�o�r�Î· �Ðº®¼Çµú¾Ù´.�
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�á°ú° �×¹ �í°ûÂ


� � � � �üÀ¸±¼ÃéµÇÀ �­ÈÐÇûÀ �¸±¶Á¦¸ �®ÈÎÀÏÇí° �­¿ûÀ �È¾¤Áº¼»À �ñº³±ÏÇâ± �§ÀØÇ �1�H�-�,� �1�3�C�-�N�M�R� �(�3�0�0�M�H�z�,� �C�6�D�6�)�¦¸ �ç»ë¿ÏÇ´¿Ù´.� �F�i�g�.� �3�¡¿ �¢°¢°ÇÀ �üÀ¸±¼ÃéµÇÀ �­ÈÐÇûÀ �¸±¶ÁÍ¿ �1�H�-�N�M�R�º½åÆ®Æ³·»À �ª³¸Å»³ú¾Ù´.� �üÀ¸±¼ÃéµÇÀ �­¿ûÀ �È¾¤Áº¼»À �ñº³±ÏÇâ± �§ÀØÇ �Â¿µµ �¯º­È¡¿ �ûµó¶ �1�H�-�N�M�R�»À �øÃ¤ÁÑÇ �á°ú° �(�h�f�a�c�)�C�u�(�V�T�M�S�)�ÇÀ �æ°ì¿ �Ù´¥¸ �üÀ¸±¼Ãéµ¡¿ �ñºØÇ �Å¸ì¿ �ì¿ö¼ÑÇ �­¿ûÀ �È¾¤Áº¼»À �ª³¸Å»³ú¾Ù´.�


� � � � �F�i�g�.� �4�-�5�Â´ �â±ÇÆ �Â¿µµÇÀ �¯º­È¡¿ �ûµ¥¸ �¸±®¸ �Ú¹·¸ÇÀ �õÁøÂ �Ó¼µµ¦¸ �ñº³±ØÇ­¼ �ª³¸Å½³ �Í°ÌÀÙ´.� �(�H�f�a�c�)�C�u�(�V�T�M�S�)�ÇÀ �æ°ì¿ �1�6�0� �-� �2�0�0� �É¡ÇÀ �ü¹§À¡¿­¼Â´ �õÁøÂ �Ó¼µµ¡° �Ý¹ÀÀ°¹ÇÀ �¥Çé¸ �Ý¹ÀÀÓ¼µµ¡¿ �ÇÀ¸ÁÏÇÂ´ �¥Çé¸Ý¹ÀÀ �²ÀÓ¼Ü´è°ÌÀí°,� �2�0�0� �-� �2�6�0� �É¡¡¿­¼Â´ �Ý¹ÀÀ°¹ÇÀ �°¹úÁüÀÞ´¡¿ �ÇÀ¸ÁÏÇÂ´ �°¹úÁüÀÞ´ �²ÀÓ¼Ü´è°¦¸ �ª³¸Å½³Ù´.� �×±¯·ª³ �(�h�f�a�c�)�C�u�(�V�T�M�O�S�)�ÇÀ �æ°ì¿¡¿Â´ �üÀ �µ¿ª¿¡¿­¼ �°¹úÁüÀÞ´¡¿ �ÇÀ¸ÁÏÇÂ´ �°¹úÁüÀÞ´ �²ÀÓ¼Ü´è°¦¸ �ª³¸Å½³Ù´.� �ÑÇíÆ �(�h�f�a�c�)�C�u�(�A�T�M�S�)�ÇÀ �æ°ì¿ �6�0� �É¡ �ÎºÙ±¡¿­¼ �¸±®¸ �Ú¹·¸ÌÀ �õÁøÂÇµÂ´¥µ,� �ÌÀÍ°ºÀ �â±¸ÁÇÀ �C�u�(�°¥)� �üÀ¸±¼Ã¡¿ �ñºØÇ �1�0�0� �É¡ �¤Áµµ �·³ºÀ �Â¿µµÌÀÙ´.� �ÌÀ¯·ÑÇ �ç»Ç½éµºÀ �i�n�-�s�i�t�u� �F�T�-�I�R�¡¿ �ÇÀØÇ­¼ �ü°ûÂÈµ �â±ó»¡¿­¼ÇÀ �üÀ¸±¼ÃéµÇÀ �ÐºØÇ �¯Æº¼ú° �Å¸ì¿ �¯Àç»ÏÇÙ´.� �×±®¸í° �õÁøÂÈµ �Ú¹·¸ÇÀ �­ÈÐÇûÀ �¶Áº¼,� �á°¤Áº¼,� �ñºúÀ×Ç �îµ¡¿ �ë´ØÇ �¬¿¸±ÑÇ �á°ú° �(�h�f�a�c�)�C�u�(�V�T�M�S�)�Í¿ �(�h�f�a�c�)�C�u�(�A�T�M�S�)�ÇÀ �æ°ì¿¡¿ �ì¿ö¼ÑÇ �ç¾úÁÇÀ �¸±®¸ �Ú¹·¸ÌÀ �ü°ûÂÇµú¾Ù´.�


� � � � �Ç¶ÑÇ �i�n�-�s�i�t�u� �F�T�-�I�R� �g�a�s� �c�e�l�l�»À �ÌÀë¿ÏÇ©¿ �üÀ¸±¼ÃéµÇÀ �â±ó»¡¿­¼ÇÀ �ÐºØÇ �¯Æº¼»À �¬¿¸±ÏÇ´¿Â´¥µ,� �F�i�g�.� �6�¡¿Â´ �(�h�f�a�c�)�C�u�(�V�T�M�S�)�ÇÀ �æ°ì¿ �c�e�l�l� �»³ÎºÇÀ �Â¿µµ �¯º­È¡¿ �ûµó¶ �ÏÀ¤ÁÑÇ �ç¾ÇÀ �î¿Ý¹â±¼Ã¦¸ �êÈÁ· �ÖÁé¸­¼ �øÃ¤ÁÑÇ �(�h�f�a�c�)�C�u�(�V�T�M�S�)�ÇÀ �I�R� �º½åÆ®Æ³·»À �ª³¸Å»³ú¾Ù´.� �1�5�0� �É¡ �ÎºÙ±¡¿­¼ �ÒºÕ±ÏÀ­ÈÝ¹ÀÀ(�d�i�s�p�r�p�p�o�r�t�i�o�n�a�t�i�o�n�)�¡¿ �ÇÀØÇ �ý»º¼Èµ �C�u�(�h�f�a�c�)�2�ÌÀ �ü°ûÂÇµí°,� �2�2�5� �É¡ �ÌÀó»¡¿­¼Â´ �C�u�(�h�f�a�c�)�2�ÇÀ �ÐºØÇÝ¹ÀÀ¸ÀÎ· �ý»º¼Èµ �f�r�e�e� �ÑÇ �ó»ÂÅÇÀ �h�f�a�c�ÌÀ �ü°ûÂÈµÙ´.� �ÌÀ¯·ÑÇ �á°ú°Î·ÎºÍÅ �(�h�f�a�c�)�C�u�(�V�T�M�S�)�ÇÀ �æ°ì¿ �2�5�0� �É¡ �ÌÀó»ÇÀ �í°Â¿¡¿­¼ �Ú¹·¸ÇÀ �Å°¥Äâ±¡° �õÁ¡°ÏÇí° �·¸»³ �Òºø¼°¹ÇÀ �ÔÇ®·ÌÀ �õÁ¡°ÑÇÙ´Â´ �ç»Ç½»À �³¼í¸ÒÇ �ö¼ �ÖÀú¾Ù´.�
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�á° �Ð· �


� � � � �1�H�-�N�M�R�»À �ÌÀë¿ÏÇ©¿ �üÀ¸±¼ÃéµÇÀ �­¿ûÀ �È¾¤Áº¼»À �ñº³±ÑÇ �á°ú° �(�h�f�a�c�)�C�u�(�V�T�M�S�)�¡° �¡°åÀ �ì¿ö¼ÑÇ �­¿ûÀ �È¾¤Áº¼»À �ª³¸Å»³ú¾Ù´.� �Ç¶ÑÇ �â±ÇÆÂ¿µµÇÀ �¯º­È¡¿ �ûµ¥¸ �õÁøÂ �Ó¼µµÇÀ �¯º­È¦¸ �ì»ìÆ¸ºÒ¾Â´¥µ,� �(�h�f�a�c�)�C�u�(�A�T�M�S�)�ÇÀ �æ°ì¿ �â±¸Á¡¿ �Ë¾Á·®Á �ÖÀÂ´ �C�u�(�°¥)� �üÀ¸±¼Ã¡¿ �ñºØÇ �öÇúÀÏÇÔ° �·³ºÀ �6�0� �É¡ �ÎºÙ±¡¿­¼ �õÁøÂÌÀ �Ã½ÛÀÇµÂ´ �Í°»À �®ÈÎÀÒÇ �ö¼ �ÖÀú¾Ù´.� �×±®¸í° �ÌÀ¯·ÑÇ �á°ú°éµºÀ �i�n�-�s�i�t�u� �F�T�-�I�R� �g�a�s� �c�e�l�l�»À �ÌÀë¿ÏÇ©¿ �Ç½èÇÑÇ �üÀ¸±¼ÃéµÇÀ �â±ó» �ÐºØÇ �¯Æº¼ú° �Ð¹¢ÁÑÇ �ü°Ã·ÌÀ �ÖÀú¾Ù´.� �
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�üÂí°®¹åÇ


�1�.� �K�.� �C�.� �S�a�r�a�s�w�a�t�t� �a�n�d� �F�.� �M�o�h�a�m�m�a�d�i�,� �I�E�E�E� �T�r�a�n�s�.� �E�l�e�c�t�r�o�n� �D�e�v�i�c�e�s�,� �E�D�-�2�9�,� �6�4�5�(�1�9�8�2�)�


�2�.� �G�.� �E�.� �M�o�o�r�e�,� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �I�n�t�e�r�n�a�t�i�o�n�a�l� �E�l�e�c�t�r�o�n� �D�e�v�i�c�e�s� �M�e�e�t�i�n�g�,� �W�a�s�h�i�n�g�t�o�n� �D�.� �C�.�,� �p�1�1�,� �D�e�c�.� �1�9�7�5�


�3�.� �S�.� �M�.� �S�z�e�,� �V�L�S�I� �T�e�c�h�n�o�l�o�g�y�,� �M�c�G�r�a�w�-�H�i�l�l�(�1�9�8�3�)�


�4�.� �T�.� �H�.� �B�a�u�m� �a�n�d� �C�.� �E�.� �L�a�r�s�o�n�,� �J�.� �E�l�e�c�t�r�o�n�c�h�e�m�.� �S�o�c�.�,� �1�4�0�(�1�)�,� �1�5�4�(�1�9�9�3�)�
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