ÒºÕ±ÏÀó» �ÈÆó¶ãµ �ËÃÅ¸¦¸ �ÌÀë¿ÏÇ©¿ �ÌÀäºÁÇÎ·æÆ»À �¦Á¶ÁÏÇâ± �§ÀÑÇ �


�1�-�(�4�-�I�s�o�b�u�t�y�l�p�h�e�n�y�l�)�e�t�h�a�n�o�l�ÇÀ �±¼ÃÅûÀ �H�y�d�r�o�c�a�r�b�o�x�y�l�a�t�i�o�n� �Ý¹ÀÀ


�åÀ �ºÀÖÁ(�ÐÇ)�,� �ÌÀ �æ°ñÈ(�¾Á)�,� �ÌÀ �çÀº¼(�¾Á)�,� �è± �µ¿É°(�¾Á)�


�÷Æ×Çø°ú°ë´ÐÇ³±,� �­ÈÐÇø°ÐÇú°


�R�e�g�i�o�s�e�l�e�c�t�i�v�e� �H�y�d�r�o�c�a�r�b�o�x�y�l�a�t�i�o�n� �o�f� �1�-�(�4�-�i�s�o�b�u�t�y�l�p�h�e�n�y�l�)�e�t�h�a�n�o�l� �


�w�i�t�h� �H�e�t�e�r�o�g�e�n�e�o�u�s� �P�a�l�l�a�d�i�u�m� �C�a�t�a�l�y�s�t�s� �f�o�r� �T�h�e� �S�y�n�t�h�e�s�i�s� �o�f� �I�b�u�p�r�o�f�e�n�


�E�u�n� �J�o�o� �J�a�n�g�,� �K�y�u�n�g� �H�e�e� �L�e�e�,� �J�a�e� �S�u�n�g� �L�e�e�,� �Y�o�u�n�g� �G�u�l� �K�i�m�


�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� �a�n�d� �T�h�e� �R�e�s�e�a�r�c�h� �C�e�n�t�e�r� �f�o�r� �C�a�t�a�l�y�t�i�c� �T�e�c�h�n�o�l�o�g�y� �o�f� �P�o�h�a�n�g� �U�n�i�v�e�r�s�i�t�y� �o�f� �S�c�i�e�n�c�e� �&� �T�e�c�h�n�o�l�o�g�y�


�


�1�.� �­¼Ð·


�ÌÀäºÁÇÎ·æÆºÀ �ñºº½×ÅÎ·ÌÀåµè° �øÁëÅ �Ò¼°¿¦ÁÎ· �ç»ë¿ÇµÂ´ �ÏÀÝ¹ �ÇÀà¾°ÇÌÀç¸,� �¬¿£° �ý»ê»®·ÌÀ �8�0�0�0�æÅ �¤Áµµ¡¿ �ÌÀ£¸Â´ �«Å �Ã½åÀ �Ô±ð¸¦¸ �®°í° �ÖÀÙ´.� � �ÌÀäºÁÇÎ·æÆ»À �ÕÇº¼ÏÇÂ´ �æ°Î·Â´ �Ù´ç¾ÏÇÔ° �³°ß¹Çµî¾ �Ô¿Â´¥µ,� �×± �ßÁ �H�o�e�c�h�s�t�-�C�e�l�a�n�e�s�e�ç»ÇÀ �ø°¤ÁÌÀ �¡°åÀ �£°Ü´ÏÇé¸­¼µµ �»Ã¤ÁÑÇ �Í°¸ÀÎ· �Ë¾Á·®Á �ÖÀÙ´[�1�]�.� �»º �¬¿¸±¡¿­¼Â´ �Ë¾ÚÄÃ¿ �üÀ¸±¼Ã(�1�-�(�4�-�i�s�o�b�u�t�y�l�p�h�e�n�y�l�)�e�t�h�a�n�o�l�)�Î·ÎºÍÅ �í°ó»ÇÀ �ÈÆó¶ãµ �ËÃÅ¸¦¸ �ç»ë¿ÏÇ©¿ �a�c�i�d�¦¸ �ÕÇº¼ÏÇÂ´ �«Ä£¸¸ºÒ´­È �Ý¹ÀÀ¡¿ �ë´ÏÇ©¿ �í°ûÂØÇ �¸ºÒ¾Ù´.�


�öÇçÀî±öÁ �ÖÁÎ· �ç»ë¿Çµî¾ �À¿ø´ �ËÃÅ¸Â´ �Õ±ÏÀè°ÇÀ �Ý±Ó¼øÂ¦Á �ËÃÅ¸Î·­¼ �Ý¹ÀÀ �ÄÈ �ËÃÅ¸¦¸ �¸Èö¼ÏÇÂ´ �ø°¤ÁÌÀ �î¾Æ·í° �ñº¿È²ÀûÀÌÀú¾Ù´[�2�]�.� �ÌÀ¡¿ �Ý¹ÀÀ �ÄÈ �Ðº®¸¡° �£°Ü´ÏÇí° �çÀç»ë¿ÌÀ �¬½î¿ �ÒºÕ±ÏÀè° �ËÃÅ¸¦¸ �³°ß¹ÏÇâ± �§ÀÏÇ©¿ �ÈÆó¶ãµ»À �©¿¯· �¡°öÁ �È¾¤ÁÑÇ �ã´¼Ã¡¿ �ã´öÁ �Ã½ÑÄ �ûÀýÀÑÇ �¶ÁÇ°¡¿­¼ �ËÃÅ¸ÇÀ �Ý¹ÀÀº¼»À �Ã½èÇØÇ �¸ºí°,� �ã´öÁÈµ �ËÃÅ¸ÇÀ �¯Æº¼¡¿ �ûµ¥¸ �Ý¹ÀÀÇÀ �æ°âÇú° �ËÃÅ¸ÇÀ �È¾¤Áº¼»À �ü°ûÂÏÇ´¿Ù´.� �ËÃÅ¸Â´ �§ÄüÀý¹ �Ç¶Â´ �ÌÀÂ¿ �³±¯È �ý¹¸ÀÎ· �¦Á¶Á �Çµú¾¸Àç¸,� �a�l�u�m�i�n�a�,� �s�i�l�i�c�a�,� �a�c�t�i�v�a�t�e�d� �c�a�r�b�o�n�ú° �m�o�n�t�m�o�r�i�l�l�o�n�i�t�e�¦¸ �ã´¼ÃÎ· �ç»ë¿ÏÇ´¿Ù´.�


�


�2�.� �Ç½èÇ


�P�d�/�a�l�u�m�i�n�a�,� �P�d�/�a�c�t�i�v�a�t�e�d� �c�a�r�b�o�n�ºÀ �A�l�d�r�i�c�h�ç»¡¿­¼ �¦Á¶ÁÑÇ �Í°»À �¸±ÔÀÏÇ©¿ �ç»ë¿ÏÇ´¿í°,� �P�d�/�s�i�l�i�c�a�Â´ �p�H�4� �¤Áµµ¡¿­¼ �§ÄüÀý¹¸ÀÎ· �¦Á¶ÁÏÇ´¿¸Àç¸,� �P�d�/�m�o�n�t�m�o�r�i�l�l�o�n�i�t�e�Â´ �ã´öÁ¼Ã¦¸ �ê» �³Ã®¸ �ÑÇ �ÄÈ �s�i�l�a�n�e� �l�i�g�a�n�d�Î· �¡Ä¯ÈÏÇ©¿ �ÈÆó¶ãµ»À �í°¤ÁÃ½°ÅÂ´ �ÌÀÂ¿³±¯Èý¹»À �ç»ë¿ÏÇ´¿Ù´[�3�]�.�


�«Ä£¸¸ºÒ´­È �Ý¹ÀÀºÀ �A�u�t�o�c�l�a�v�e�ç»ÇÀ �E�Z�E�-�S�E�A�L� �3�0�0�m�l� �H�a�s�t�e�l�l�o�y� �C� �Ý¹ÀÀâ±¦¸ �ç»ë¿ÏÇ©¿ �1�2�5�o�C�,� �ÏÀê»­ÈºÅÒ¼4�0� �â±Ð¾ÇÀ �¶ÁÇ°¡¿­¼ �à¾ �1�3�Ã½£° �¤Áµµ �Ç½Ã½ÏÇ´¿í°,� �ë´ÎºÐºÇÀ �Ý¹ÀÀ¡¿­¼ �Ý¹ÀÀ°¹ºÀ �2�-�5� �g�,� �t�r�i�p�h�e�n�y�l�p�o�s�p�h�i�n�e� �0�.�1�2�7� �g�,� �2�.�5�%� �H�C�l� �ö¼ë¿×¾ �1�0� �g�»À �3�-�p�e�n�t�a�n�o�n�e� �ë¿×¾¡¿ �ì³©¿­¼ �Ç½èÇÏÇ´¿Ù´.� �Ý¹ÀÀ �ßÁ �Ã½á·Â´ �Ã½£°¡¿ �ûµó¶ �¤ÃëÃÏÇ©¿ �G�C�(�H�P� �5�8�9�0� �s�e�r�i�e�s� �I�I�,� �D�B�-�5� �5�0�m� �c�a�p�i�l�l�a�r�y� �c�o�l�u�m�n�,� �F�I�D�)�Î· �Ðº®¼ÏÇ´¿í°,� �Ý¹ÀÀ �üÀú° �Ý¹ÀÀ �ÄÈÇÀ �ËÃÅ¸Â´ �X�R�D�,� �E�S�C�A�,� �A�A�,� �T�E�M�îµ¸ÀÎ· �Ðº®¼ÏÇ´¿Ù´.�


�


�3�.� �á°ú° �×¹ �í°ûÂ


�1�-�(�4�-�i�s�o�b�u�t�y�l�p�h�e�n�y�l�)�e�t�h�a�n�o�l� �(�I�B�P�E�)�Î·ÎºÍÅ �âÃß¹ÏÇ©¿ �ÌÀäºÁÇÎ·æÆ»À �ÕÇº¼ÏÇÂ´ �ú°¤Á¡¿­¼ �Ðº®¼ �¡°É´ÑÇ �ßÁ£° �°¹úÁú° �ý»º¼°¹éµºÀ �Ë¾ÚÄÃ¿ �»Åö¼ �Ý¹ÀÀ¡¿ �ÇÀÑÇ � �i�s�o�b�u�t�y�l�s�t�y�r�e�n�e� �(�I�B�S�)� �ú° �ÈÆó¶ãµ �ËÃÅ¸ÇÀ �«Ä£¸¸ºÒ´­È �Ý¹ÀÀ¡¿ �ÇÀÑÇ �a�c�i�d� �;� �ñº±¼üÇ �a�c�i�d�ÎÀ �2�-�(�4�-�i�s�o�b�u�t�y�l�p�h�e�y�l�)�p�r�o�p�i�o�n�i�c� �a�c�i�d� �(�I�B�P�A�(�B�)�)� �-�ïÁ,� �ÌÀäºÁÇÎ·æÆ-� �ú° �i�s�o�m�e�r�ÎÀ �±¼üÇ �a�c�i�d� �3�-�(�4�-�i�s�o�b�u�t�y�l�p�h�e�n�y�l�)�p�r�o�p�i�o�n�i�c� �a�c�i�d� �(�I�B�P�A�(�L�)�)�ÌÀÙ´.� �×± �Û¹¡¿ �Ë¾ÚÄÃ¿ÇÀ �c�h�l�o�r�i�n�a�t�i�o�n�¡¿ �ÇÀÑÇ �1�-�(�4�-�i�s�o�b�u�t�y�l�p�h�e�n�y�l�)�e�t�h�y�l�c�h�l�o�r�i�d�e� �(�I�B�P�C�l�)�Í¿ �I�B�S�ÇÀ �d�i�m�e�r�i�z�a�t�i�o�n�(�d�i�m�e�r�)�¡¿ �ÇÀÑÇ �Îºê»°¹ÌÀ �ý»º¼Çµú¾¸Àç¸,� �¢°¢°ÇÀ �i�d�e�n�t�i�f�i�c�a�t�i�o�n�ºÀ �G�C� �M�a�s�s�ª³ �N�M�R�,� �I�R�îµ¸ÀÎ· �Ç½Ã½ÏÇ´¿Ù´.�


�Õ±ÏÀè° �P�d�C�l�2�-�P�P�h�3�-�H�C�l� �ËÃÅ¸è°ÇÀ �Ý¹ÀÀº¼ú° �ÒºÕ±ÏÀè° �P�d�/�m�o�n�t�m�o�r�i�l�l�o�n�i�t�e� �ËÃÅ¸ÇÀ �æ°ì¿¦¸ �×±²¸ �1�ú° �2�¡¿­¼ �ñº³±ÏÇ©¿ �¸ºÒ¾Ù´.� �Õ±ÏÀè° �Ý¹ÀÀ¡¿ �ç»ë¿Èµ �ÈÆó¶ãµÇÀ �ç¾ÌÀ �0�.�2�m�m�o�l�¡¿ �ØÇç´ÏÇÇ¹Î· �ÒºÕ±ÏÀè° �Ý¹ÀÀ¡¿­¼ÇÀ �ËÃÅ¸ �ç¾µµ �A�A�Ðº®¼¡¿ �ÇÀÑÇ �ÈÆó¶ãµ �ÔÇ®·»À �è°ê»ÏÇ©¿ �°°ºÀ �ô¸ö¼¦¸ �ç»ë¿ÏÇ´¿Ù´.� �ÌÀ �§¶ �ÒºÕ±ÏÀè° �ËÃÅ¸ÇÀ �°Èº¼ÌÀ �Õ±ÏÀè° �Ý¹ÀÀ¡¿ �ñºÏÇ©¿ �©ÅÔ° �³¶î¾öÁöÁ �Ê¾»À �Ó» �Æ¾Ï´ó¶ �À¿÷ÈÁ· �I�B�S�¡¿­¼ �a�c�i�d�Î· �¡°Â´ �Ý¹ÀÀÌÀ �üº£¸Ô° �ª³¸Åª³í° �ÖÀ»À �Ó» �Æ¾Ï´ç¸ �±¼ÃÅµµé¸¡¿­¼µµ �ÁÁºÀ �Í°»À �Ë¾ �ö¼ �ÖÀÙ´.� �


�¥Ç �1�¡¿­¼Â´ �ã´öÁ¼Ã¦¸ �Ù¹Ù²é¸­¼ �ËÃÅ¸¦¸ �¦Á¶ÁÏÇ©¿ �Ý¹ÀÀ¡¿ �Ì¹¡ÄÂ´ �µ¿âÇ»À �®ÈÎÀ �ØÇ �¸ºÒ¾Ù´.� �P�d�/�m�o�n�t�m�o�r�i�l�l�o�n�i�t�e�ÇÀ �æ°ì¿Â´ �ÌÀÂ¿ �³±¯Èý¹¸ÀÎ· �¦Á¶ÁÇµî¾ �ÈÆó¶ãµÌÀ �®¸£°åµÍ¿ �á°ÕÇÇµî¾ �ÖÀÂ´ �ÌÀÂ¿ �ó»ÂÅÎ· �¸ÁçÀÏÇÇ¹Î· �Õ±ÏÀó» �ËÃÅ¸Í¿ �¯Àç»ÏÇÔ° �¸ÁçÀÏÇí°,� �Ë¾ç·Ì¹ª³ �îµÇÀ �ã´öÁ¼Ã¡¿ �ã´öÁÈµ �ÈÆó¶ãµºÀ �ÊÃâ± �ó»ÂÅ¡¿Â´ �Ý±Ó¼ó»ÂÅ �Ç¶Â´ �Ý±Ó¼ÇÀ �ê»­È �ó»ÂÅÎ· �¸ÁçÀÏÇÇ¹Î· �Ï¿üÀÑÇ �ÒºÕ±ÏÀè°¦¸ �ÌÀê· �Í°¸ÀÎ· �ç»á·ÈµÙ´.� � �ÌÀ �ËÃÅ¸éµ �ßÁ¡¿­¼ �m�o�n�t�m�o�r�i�l�l�o�n�i�t�e�¡¿ �ã´öÁÈµ �ËÃÅ¸ÇÀ �°Èº¼ÌÀ �Ù¶î¾µ³¸Àç¸,� �s�i�l�i�c�a�¡¿ �ã´öÁÈµ �ÈÆó¶ãµµµ �ñº³±ûÀ �ûÀºÀ �ç¾ÌÀ �ç»ë¿Çµú¾¸Àª³,� �°ºÙ´¥¸ �ÎºÝ¹ÀÀ �ø¾ÌÀ �«Ä£¸¸ºÒ´­È �Ý¹ÀÀ¡¿ �°Èº¼ÌÀ �ÁÁÒ¾Ù´.� �°Èº¼ºÅ¡¿ �ã´öÁÈµ �ÈÆó¶ãµÇÀ �æ°ì¿Â´ �l�o�a�d�i�n�g�ç¾¡¿ �ûµó¶ �Ë¾ÚÄÃ¿ÌÀ �Ï¿üÀ �ö¼Ò¼­È¡° �ÇµÂ´ �Ý¹ÀÀÌÀ �´ºÄ·Î· �øÁàÇÇµÂ´ �îµ �Ý¹ÀÀº¼ÌÀ �Ù´£¸Ô° �ª³¸Åµ³Â´¥µ,� �ÌÀÍ°ºÀ �p�a�r�t�i�c�l�e� �s�i�z�e�¡¿ �ÇÀÑÇ �÷ÂÌÀÏÀ �Í°¸ÀÎ· �ý»¢°ÈµÙ´.� �


�¥Ç2�¡¿­¼Â´ �m�o�n�t�m�o�r�i�l�l�o�n�i�t�e�¡¿ �ÈÆó¶ãµ»À �ÌÀÂ¿³±¯È �ÒÇ �§¶ �s�i�l�a�n�e� �®¸£°åµÇÀ �¾Áù·¦¸ �Ù¹Ù²Å°ª³ �Ç¶Â´ �ÈÆó¶ãµÇÀ �üÀ¸±¼Ã¦¸ �Ù¹Ù²î¾ �¡°é¸­¼ �×± �µ¿âÇ»À �®ÈÎÀ �ÏÇí°ÚÀ �ÏÇ´¿Ù´.� �M�o�n�t�m�o�r�i�l�l�o�n�i�t�e�Â´ �s�w�e�l�l�i�n�g� �t�y�p�e� �c�l�a�y�ÌÀÇ¹Î· �¡Ä¯ÈÈµ �®¸£°åµ¡¿ �ûµó¶ �Ý°ÚÀÇÀ �©Åâ±¡° �¯ºÒÇ �ö¼µµ �ÖÀí°,� �s�i�l�a�n�e� �®¸£°åµÇÀ �¾Áù·¡¿ �ûµó¶ �í°øÂÈµ �ÈÆó¶ãµÇÀ �°Èº¼ÌÀ �÷ÂÌÀ¦¸ �¸ºÏÀ �Í°¸ÀÎ· �¹¿ó»ßÇ¸Àª³,� �«Ä£¸¸ºÒ´­È �Ý¹ÀÀÇÀ �¤ÁµµÂ´ �ÌÀ¯·ÑÇ �µ¿âÇ»À �Þ¹öÁÊ¾Â´ �Í°¸ÀÎ· �®ÈÎÀ �Çµú¾Ù´.� �ÒºÕ±ÏÀè° �ËÃÅ¸¡° �Ðº®¸¡° �±½í° �çÀç»ë¿ÌÀ �¡°É´ÑÇ �öÁ¦¸ �®ÈÎÀÏÇâ± �§ÀØÇ �r�u�n� �7�¡¿­¼ �ËÃÅ¸¦¸ �çÀç»ë¿ �ØÇ¸ºÒ¾Ù´.� �Îµ �ø¹°ÂÇÀ �ç»ë¿¡¿­¼Â´ �f�i�l�t�e�r�i�n�g�¡¿ �ÇÀÏÇ©¿ �ËÃÅ¸¡° �ÏÀÎº �Ò¼Ç½Çµî¾ �ûÀºÀ �ç¾ �ç»ë¿Çµú¾¸Àª³,� �Ý¹ÀÀÇÀ �°Èº¼ÌÀ �¯ÀöÁÇµÂ´ �Í°ºÀ �Ë¾ �ö¼ �ÖÀú¾Ù´.� �×±®¸í°,� �ÈÆó¶ãµÇÀ �ËÃÅ¸ �ÛÀë¿¡¿ �p�h�o�s�p�h�i�n�e� �®¸£°åµ¡° �µ¿âÇ»À �Ì¹¡ÄÂ´öÁ �Ô±í¸ÏÇâ± �§ÀÏÇ©¿ �p�h�o�s�p�h�i�n�e�®¸£°åµ¦¸ �¦ÁÜ¿ÏÇí° �Ý¹ÀÀÏÇ´¿»À �§¶ �«Ä£¸¸ºÒ´­È �Ý¹ÀÀºÀ �ÏÀî¾ª³öÁ �Ê¾Â´ �Í°¸ÀÎ· �¸ºÆ¾ �P�P�h�3�¡° �Ý¹ÀÀ¡¿ �ÊÇö¼ûÀÓÀ»À �Ë¾ �ö¼ �ÖÀÙ´.� �ã´öÁÈµ �ÈÆó¶ãµÇÀ �l�e�a�c�h�i�n�g�»À �®ÈÎÀÏÇâ± �§ÀÏÇ©¿ �b�l�a�n�k� �t�e�s�t�¦¸ �Ç½Ã½ÑÇ �á°ú° �Ý¹ÀÀÌÀ �Ù´Ò¼ �øÁàÇÈµ �Í°»À �®ÈÎÀÒÇ �ö¼ �ÖÀú¾¸ÀÇ¹Î·,� �­°ÑÇ �ê»º¼ �Ðº§Àâ±¡¿­¼ �ÈÆó¶ãµÇÀ �l�e�a�c�h�i�n�g�ÌÀ �à¾£°¿¾ �ÏÀî¾¯³ �ö¼ �ÖÀÂ´ �Í°¸ÀÎ· �ç»á·ÈµÙ´.�


�


� � �4�.�üÂí°®¹åÇ


�V�a�r�a�d�a�r�a�j� �E�l�a�n�g�o�,� �e�t�.� �a�l�.� �“�M�e�t�h�o�d� �f�o�r� �p�r�o�d�u�c�i�n�g� �i�b�u�p�r�o�f�e�n�”�,� �E�P� �0� �4�0�0� �8�9�2� �(�1�9�9�0�)�


�G�r�a�h�a�m� �N�.� �M�o�t�t�,� �E�d�w�a�r�d� �G�.� �Z�e�y�,� �“�C�a�t�a�l�y�s�t� �r�e�c�y�c�l�e� �i�n� �t�h�e� �c�a�r�b�o�n�y�l�a�t�i�o�n� �o�f� �i�s�o�b�u�t�y�l�p�h�e�n�y�l�e�t�h�a�n�o�l� �t�o� �i�b�u�p�r�o�f�e�n�”�,� �E�P� �0� �3�3�7� �8�0�3� �(�1�9�8�9�)�
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