í°ÖÁÄÆÍ¿ �í°Þ± �ê»­Èý¹(�U�V�+�H�2�O�2�)�¡¿ �ÇÀÑÇ �äÆî³ÇÀ �


�ê»­È �ÐºØÇÝ¹ÀÀ


�


�


�üÀçÀº¼,� �÷Âó»±¿,� �¶Á«¹¯È,� �ÑÇµµïÈ


�µ¿²³ë´ÐÇ³± �ø°ú°ë´ÐÇ �­ÈÐÇø°ÐÇ �×¹ �ø°÷¾­ÈÐÇ �Îº


�


�


�O�x�i�d�a�t�i�o�n� �a�n�d� �D�e�g�r�a�d�a�t�i�o�n� �o�f� �P�h�e�n�o�l� �b�y� �a� �C�o�m�b�i�n�a�t�i�o�n� �o�f� �M�i�c�r�o�w�a�v�e� �a�n�d� �A�d�v�a�n�c�e�d� �O�x�i�d�a�t�i�o�n� �P�r�o�c�e�s�s�(�U�V�+�H�2�O�2�)�


�


�J�a�e�-�S�u�n�g� �J�e�o�n�,� �S�a�n�g�-�Y�e�o�b� �C�h�a�,� �M�o�o�-�H�w�a�n� �C�h�o�,� �D�o�-�H�u�n�g� �H�a�n�


�S�c�h�o�o�l� �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�e�c�h�n�o�l�o�g�y�,� �Y�e�u�n�g�n�a�m� �U�n�i�v�e�r�s�i�t�y�


�


�


�­¼Ð·


�»º �¬¿¸±¡¿­¼Â´ �í°ÖÁÄÆÍ¿ �í°Þ± �ê»­Èý¹ �ßÁ �ÏÇª³ÎÀ �U�V�+�H�2�O�2�¦¸ �¹ºÕÇÏÇ©¿ �äÆî³ÇÀ �ê»­È �ÐºØÇÝ¹ÀÀ»À �ËÃøÁÃ½°ÅÂ´ �æ¹ý¹»À �¬¿¸±ÏÇ´¿Ù´.� �í°Þ± �ê»­Èý¹(�A�O�P�)�¸ÀÎ·Â´ �ÚÀÜ¿±¼ú° �À¿¸Á,� �ÚÀÜ¿±¼ú° �ú°ê»­Èö¼Ò¼,� �À¿¸Áú° �ú°ê»­Èö¼Ò¼ �îµ �ÖÀ¸Àç¸ �ÌÀÂ´ �ö¼ßÁ¡¿­¼ �O�H�ó¶ðµ®ÄÇÀ �ý»º¼»À �ËÃøÁÃ½ÑÄ­¼,� �¢°¾Á �¯Àâ±­ÈÕÇ°¹ÇÀ �ê»­È �ÐºØÇ¦¸ �õÁë´Ã½°ÅÂ´ �æ¹ý¹ÌÀÙ´.� �À¿¸ÁºÀ �°¹¡¿ �ë´ÑÇ �ë¿ØÇµµ¡° �ñº³±ûÀ �·³»À �Ó»¸¸ �Æ¾Ï´ó¶ �â±¼Ãó» �À¿¸ÁÌÀ �×¾ó»¸ÀÎ·ÇÀ �°¹úÁ �üÀÞ´¡¿ �¦ÁÑÇ»À �Þ¹â± �§¶®¹¡¿ �×¾ó»¡¿­¼ �í° �ó³µµ¦¸ �¯ÀöÁÏÇâ±¡° �î¾Á·ö¿­¼,� �À¿¸ÁÇÀ �ô³ºÀ �ê»­ÈÂ·¡¿µµ �Òº¸±ÏÇí° �Ç½¦Á �¯Àâ±­ÈÕÇ°¹ÇÀ �ê»­È �ÐºØÇÝ¹ÀÀ¡¿Â´ �ÑÇè°¡° �ÖÀÙ´í° �à¹ôÇ³ÁÙ´.� �ú°ê»­Èö¼Ò¼Â´ �ÚÀÜ¿±¼¡¿ �ë´ÑÇ �ô¸íÈ¤±µµ¡° �·³Æ¾ �O�H�ó¶ðµ®Ä �ý»º¼¿È²ÀÌÀ �³¶î¾öÁâ± �§¶®¹¡¿ �©¿¯· �¬¿¸±ÚÀéµºÀ �À¿¸Á/�ÚÀÜ¿±¼ �ø°¤ÁÌÀ �ú°ê»­Èö¼Ò¼/�ÚÀÜ¿±¼ �ø°¤Á¸ºÙ´ �º¼É´ÌÀ �ì¿ö¼ÑÇ �Í°¸ÀÎ· �òÆ¡°ÏÇí° �ÖÀÙ´[�1�-�3�]�.�


� �ú°ê»­Èö¼Ò¼¦¸ �ê»­È �ÐºØÇÝ¹ÀÀ¡¿ �ÌÀë¿ÏÇÂ´ �Ù´¥¸ �¹¿Â´,� �óÆ¯ÀÍ¿ �°°ºÀ �í°ó³µµÇÀ �¯Àâ±°¹ �ßÁ¡¿ �ÔÇ¯ÀÏÇí° �ÖÀÂ´ �Ì¹®·ÇÀ �Ý±Ó¼ÌÀÂ¿»À �Ë°âÃÏÇâ± �§ÀØÇ­¼ �¯Àâ±°¹¡¿ �ú°ê»­Èö¼Ò¼¦¸ �·Ã¡°ÏÇ©¿ �í°Â¿¡¿­¼ �¯Àâ±°¹»À �ÐºØÇÃ½ÑÄ �¦ÁÅ°ÔÇ¸ÀÎ·á½ �Ì¹®·ÇÀ �Ý±Ó¼ÌÀÂ¿ �ó³µµ¦¸ �¤Á®È÷È �Ðº®¼ÏÇÂ´ �â±ú¼ÌÀÙ´.� �¡°­¿æ¹ý¹ºÀ �³Ã½À¡¿Â´ �­¿¡¿Ê³öÁ¦¸ �ÌÀë¿ÏÇ´¿öÁ¸¸,� �ÖÃÙ±¡¿Â´ �í°ÖÁÄÆ¡¿ �ÇÀÑÇ �¯ÀüÀ¡°­¿ý¹ÌÀ �õ´ �¿Èú°ûÀÎÀ �æ¹ý¹ÓÀÌÀ �à¹ôÇ³ÁÙ´[�4�,�5�]�.�


� � �»º �¬¿¸±¡¿­¼Â´ �ÚÀÜ¿±¼ú° �í°ÖÁÄÆ¦¸ �ÔÇ²² �ç»ë¿ÏÇ©¿ �ú°ê»­Èö¼Ò¼ÇÀ �ê»­ÈÂ·»À �ô³ÏÀ �ö¼ �ÖÀÂ´ �æ¹ý¹»À �¬¿¸±ÏÇí°ÚÀ �ÏÇ´¿Ù´.� � �í°ÖÁÄÆ¡¿ �ÇÀØÇ �Ø±º¼ÐºÚÀÂ´ �üº¥¸ �¸ÈüÀú° �øÁ¿µ,� �æÃ¹µÎ· �ÚÀÜ¿±¼¡¿ �ÇÀÑÇ �¤±ÐºØÇ �Ý¹ÀÀ»À �ËÃøÁÃ½ÑÄ �¯Àâ±°¹ú° �ê»­È¦Á£°ÇÀ �Ý¹ÀÀ»À �ËÃøÁÒÇ �ö¼ �ÖÀ¸À®¸ó¶ �ÇÆÜ´Çµç¸ �õ»Î·î¿ �A�O�P� �â±ú¼³°ß¹¡¿ �â±©¿ÒÇ �ö¼ �ÖÀ¸À®¸ó¶ �â±ë´ÈµÙ´.� �ì¿±¼ �ú°ê»­Èö¼Ò¼/�ÚÀÜ¿±¼A�O�P�ø°¤Á¡¿ �í°ÖÁÄÆ¦¸ �µµÔÀÏÇ©¿ �äÆî³ÇÀ �ê»­È �ÐºØÇÝ¹ÀÀ»À �ü°ûÂÏÇ´¿í° �ÌÀ¯·ÑÇ �ê»­È �ÐºØÇÝ¹ÀÀ¡¿ �ÇÀÑÇ �äÆî³ÇÀ �¦ÁÅ°²À»À �â±¸ÁÇÀ �æ¹ý¹ú° �ñº³±ÏÇ´¿Ù´.�


�


�


�Ç½èÇ


� � �»º �¬¿¸±¡¿ �ç»ë¿Èµ �Ç½èÇ �åÀ¡Äµµ¦¸ �×±²¸1�¡¿ �ª³¸Å»³ú¾Ù´.� �í°ÖÁÄÆ �ß¹øÁâ±Â´ �ÖÁÄÆö¼ �2�.�4�5�×§ÇÀ �üÀÚÀÄÆ¦¸ �ß¹ý»ÏÇç¸ �ÖÃë´ �Ò¼ä¿üÀÂ·ºÀ �1�Ò§ÌÀÙ´.� �1�8�W�ÇÀ �úÀÐ¾ö¼ºÀ �¥·ÁÇ �(�G�1�0�T�8�,�T�O�K�I�)�¦¸ �ç»ë¿ÏÇ´¿í° �ø¿ëÅüÇ �Ý¹ÀÀâ±ÇÀ �ßÁÉ½¡¿ �§À¡ÄÏÇµµÏ· �ÏÇ©¿ �ë¿×¾ �Ó¼¸ÀÎ· �¡°É´ÑÇ �¹¸ºÀ �ÚÀÜ¿±¼ÌÀ �íÈö¼ÇµµµÏ· �ÏÇ´¿Ù´.� �Ý¹ÀÀâ±Â´ �»³æ° �4�5�®§,� �Ü¿æ° �5�0�®§,� �æ±ÌÀ �3�0�0�®§ÇÀ �ø¿ëÅüÇ �p�y�r�e�x�ü°»À �ç»ë¿ÏÇ´¿í° �Ý¹ÀÀ°¹»À �¥ÈÕÇÏÇâ± �§ÀÏÇ©¿ �ø¼¯ÈßÆÁÇ¦¸ �ç»ë¿ÏÇ´¿Ù´.� �í°ÖÁÄÆ¡¿ �ÇÀÑÇ �Ý¹ÀÀ°¹ÇÀ �Â¿µµ �ó»Â½»À �ÙÁÌÀâ± �§ÀÏÇ©¿ �ø¼¯È �ó¶ÎÀ¡¿ �Ã³¢°â±¦¸ �³¼¡ÄÏÇ´¿Ù´.� �ê»­ÈÝ¹ÀÀ¡¿ �ë´ÑÇ �­¿¡¿Ê³öÁ �¿Èú°¦¸ �¶Áç»ÏÇâ± �§ÀÏÇ©¿ �í°ÖÁÄÆ¦¸ �¶Áç»ÏÇöÁ �Ê¾ºÀ �ó»ÂÅ¡¿­¼ �Ý¹ÀÀâ± �ÖÁ§À¦¸ �¡°­¿ÏÇ©¿ �¿µÏÀÑÇ �Â¿µµ¡¿­¼ �ê»­ÈÝ¹ÀÀ»À �­¼Î· �ñº³± �ÏÇ´¿Ù´.�


�


�


� � � � � �


���


�


� � � � �1�.� �R�e�a�c�t�o�r�(�P�y�r�e�x� �t�u�b�e�)� � � � � � � � � � � � � � � � � � � �5�.� �R�o�t�a�m�e�t�e�r�


� � � � �2�.� �L�o�w� �p�r�e�s�s�u�r�e� �m�e�r�c�u�r�y� �l�a�m�p� � � � � � � � � �6�.� �R�e�c�y�c�l�e� �p�u�m�p�


� � � � � � �3�.� � �M�i�c�r�o�w�a�v�e� �g�e�n�e�r�a�t�o�r� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �7�.� � �T�h�r�e�e� �w�a�y� �v�a�l�v�e�(�s�a�m�p�l�i�n�g� �p�o�i�n�t�)�


� � � � � � �4�.� � �H�e�a�t� �e�x�c�h�a�n�g�e�r�


�


�F�i�g�.� ��� �S�E�Q� �F�i�g�.� �\�*� �A�R�A�B�I�C� ���1���.� � �S�c�h�e�m�e� �o�f� �r�e�a�c�t�o�r� �w�i�t�h� �a� �m�i�c�r�o�w�a�v�e� �g�e�n�e�r�a�t�o�r� �


�


�


�p�h�e�n�o�l�ºÀ �1�Þ± �Ã½à¾ÌÀç¸ �õÁù·ö¼¡¿ �ÏÀ¤Á®·»À �ì³©¿ �ç»ë¿ÏÇ´¿Ù´.� �ê»­È¦ÁÎ· �ç»ë¿ÑÇ �ú°ê»­Èö¼Ò¼Â´ �¯ÆÞ±Ã½à¾»À �ç»ë¿ÏÇ´¿Ù´.� �P�h�e�n�o�l�ú° �ßÁ£° �ý»º¼°¹éµ(�h�y�d�r�o�q�u�i�n�o�n�e�,� �c�a�t�e�c�h�o�l�îµ)�ºÀ �H�P�L�C�(�S�h�i�m�a�d�z�u� �L�C�1�0�A�)�»À �ÌÀë¿ÏÇ©¿ �¤Á®·Ðº®¼ �ÏÇ´¿¸Àç¸ �Ý¹ÀÀ°¹ÇÀ �ÑÃ¯Àâ± �ºÅÒ¼ÇÀ �¯º­ÈÂ´ �T�O�C�(�S�h�i�m�a�d�z�u� �T�O�C�5�0�0�0�-�A�)�»À �ç»ë¿ÏÇ©¿ �Ðº®¼ÏÇ´¿Ù´.�


�


�


�á°ú° �×¹ �äÅÐ·


� � �Ý¹ÀÀâ± �»³ �Ý¹ÀÀ°¹ºÀ �¯ÀüÀ �¡°­¿Çµî¾ �Ü¿ÎºÎ· �­¿üÀ �Þ´ÌÀ �ø¾»À �æ°ì¿ �Ý¹ÀÀâ±ÇÀ �Â¿µµÂ´ �Þ±Ý°÷È �ó»Â½ÑÇÙ´.� �õÁù·ö¼ �3�0�0�¢§»À �Ý¹ÀÀâ±¡¿ �¤Ãî¿ �Úµ �Ü´­¿ �ó»ÂÅ¡¿­¼ �í°ÖÁÄÆ¦¸ �¶Áç»ÏÇ©¿ �¯ÀüÀ¡°­¿Î· �ÎÀÑÇ �Ý¹ÀÀ°¹ÇÀ �Â¿µµ �¯º­È¦¸ �ü°ûÂßÇ»À �§¶,� �ÎÀ¡° �üÀù·¦¸ �5�A�Î· �í°¤ÁÏÇ´¿»À �æ°ì¿ �2�,� �3�Ðº»³¡¿ �Â¿µµ¡° �7�0�É¡ÌÀó»¸ÀÎ· �Þ±Ý°ÏÇÔ° �ó»Â½ÏÇ´¿Ù´.� �ûµó¶­¼ �¯ÀüÀ¡°­¿¡¿ �ÇÀÑÇ �Â¿µµ �ó»Â½»À �·¸â± �§ÀÏÇ©¿ �­¿ �³±¯Èâ±¦¸ �ëÅÏÇ©¿ �Ý¹ÀÀ°¹»À �0�.�6�l�/�m�i�n� �¸ÀÎ· �ø¼¯ÈÃ½²Å �á°ú°,� �Ý¹ÀÀâ± �»³ÎºÇÀ �Â¿µµ¡° �5�Ðº �ÌÀÄÈ¡¿Â´ �5�0�É¡¡¿­¼ �ÏÀ¤ÁÏÇÔ° �¯ÀöÁÇµú¾Ù´.� �äÆî³ÇÀ �ÐºØÇÝ¹ÀÀ¡¿ �Ì¹¡ÄÂ´ �í°ÖÁÄÆÇÀ �µ¿âÇ»À �Ë¾Æ¾¸ºí°ÚÀ �ÊÃâ± �ó³µµ¡° �2�0�0�p�p�m�ÎÀ �äÆî³ú° �6�0�0�p�p�m�ÇÀ �ú°ê»­Èö¼Ò¼¦¸ �Ý¹ÀÀÃ½×ÄÙ´.� �U�V�+�m�i�c�r�o�w�a�v�e�üÇú° �U�V�+�h�e�a�t�i�n�g�üÇ �Ý¹ÀÀâ± �»³ÇÀ �Â¿µµ¦¸ �¿µÏÀÏÇÔ° �5�0�É¡Î· �¯ÀöÁÏÇ©¿ �Ý¹ÀÀÃ½£°¡¿ �ûµ¥¸ �äÆî³ÇÀ �ó³µµ �¯º­È¦¸ �×±²¸2�¡¿ �ª³¸Å»³ú¾Ù´.� �äÆî³ÇÀ �ê»­ÈÝ¹ÀÀ»À �‘�p�s�e�u�d�o� �f�i�r�s�t�-�o�r�d�e�r� �r�e�a�c�t�i�o�n�’�¸ÀÎ· �¡°¤Á �ÒÇ �æ°ì¿ �äÆî³ÇÀ �ê»­ÈÝ¹ÀÀ �Ó¼µµÂ´ �U�V�+�m�i�c�r�o�w�a�v�e�üÇÌÀ �U�V�+�h�e�a�t�i�n�g�üÇ �¸ºÙ´ �5�7�%� �õÁ¡°ÏÇ´¿Ù´.� �


� � �Ç¶ÑÇ �ÑÃ �¯Àâ±ºÅÒ¼®·(�T�O�C�)�¸ÀÎ· �ÎºÍÅ �äÆî³ÇÀ �ÑÃ �ê»­È �ÐºØÇÝ¹ÀÀ»À �­¼Î· �ñº³±ÑÇ �á°ú°,� �äÆî³ú° �ú°ê»­Èö¼Ò¼ÇÀ �ÊÃâ±ó³µµ¡° �¢°¢° �2�0�0�p�p�m�ú° �1�2�0�0�p�p�m�ÏÀ �§¶ �Ý¹ÀÀÃ½£°ÌÀ �3�0�Ðº¡¿­¼ �í°ÖÁÄÆ¦¸ �¶Áç»ÏÇ´¿»À �æ°ì¿¡¿Â´ �T�O�C�¦ÁÅ°²ÀÌÀ �9�5�%�ÎÀ �Ý¹é¸ �í°ÖÁÄÆ¦¸ �¶Áç»ÏÇöÁÊ¾Ò¾»À �§¶Â´4�0�%�¡¿ �×±ÆÃÙ´.� �×± �÷ÂÌÀÂ´ �5�5�%�ÌÀç¸ �Ý¹ÀÀÃ½£°ÌÀ �2�5�ÐºÏÀ �§¶¡¿Â´ �÷ÂÌÀ¡° �6�0�%�¡¿ �ÌÀ¥¸Ù´.� �T�O�C�¦¸ �9�0�%� �ÌÀó» �¦ÁÅ°ÏÇÂ´¥µ �ÊÇä¿ÑÇ �Ý¹ÀÀÃ½£°µµ �2�0�Ðº �ÌÀó» �÷ÂÌÀ¡° �­³Ù´.� �ÌÀÂ´ �í°ÖÁÄÆ¡° �h�y�d�r�o�g�e�n� �p�e�r�o�x�i�d�e�/�U�V�ø°¤ÁÇÀ �¿È²À»À �©ÅÔ° �ô³©¿ �ÙÁ �ö¼ �ÖÀ½À»À �¸º©¿ØÁÙ´.�


� � �T�O�C�ª°ÌÀ �¨°Ò¼ÏÇÂ´ �Í°ºÀ �Ä½(�1�)�ú° �°°ÌÀ �äÆî³ÌÀ �ú°ê»­Èö¼Ò¼¡¿ �ÇÀØÇ �Ï¿üÀ �ê»­ÈÇµî¾ �C�O�2� �ú° �H�2�O�Î· �üÀ¯ÈÊµ»À �ÇÀÌ¹ÑÇÙ´.�


�C�6�H�6�O� � �+� � �1�4�H�2�O�2� � � �æ¡ � � �6�C�O�2� � �+� � �1�7�H�2�O�	� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �(�1�)�


�äÆî³ÇÀ �Ï¿üÀ �ê»­È �Ý¹ÀÀÌÀ �Ý¹ÀÀÄ½(�1�)�¡¿ �ûµ¦¸ �æ°ì¿ �×± �ç¾Ð· �ñº¡¿ �ûµó¶ �ú°ê»­Èö¼Ò¼ÇÀ �ä¿¸±®·ºÀ �Ä½(�2�)�ú° �°°ÌÀ �è°ê»Éµ �ö¼ �ÖÀÙ´.� �


��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � �������	�	�(�2�)�


� � �¹¿¦¸ �éµî¾ �äÆî³ �2�0�0�p�p�m�»À �Ï¿üÀ �ê»­ÈÃ½ÑÄ �«¹â±ºÅÒ¼Î· �Ù¹Ù²â± �§ÀØÇ­¼Â´ �ú°ê»­Èö¼Ò¼ÇÀ �ÊÃâ± �ó³µµ¡° �ç¾Ð·ñº¡¿ �ÇÀØÇ �è°ê»Èµ �1�0�1�2�p�p�m�ÌÀó» �Çµî¾ß¾ �ÑÇÙ´.� �×±¯·Ç¹Î· �ç¾Ð· �ñº¸ºÙ´ �ÛÀºÀ �ª°ÇÀ �ó³µµÎÀ �6�0�0�p�p�m�¡¿­¼Â´ �æÃÐºÑÇ �Ã½£°ÌÀ �öÁª³µµ �T�O�C�¦ÁÅ°²ÀºÀ �6�5�%�¦¸ �Ñ³öÁ �ø¸ßÇÙ´.� �ÌÀÍ°ºÀ �ú°ê»­Èö¼Ò¼¡° �ð¸Îµ �Ò¼ð¸Çµî¾ �äÆî³ÌÀ �Ï¿üÀ �ê»­ÈÏÇöÁ �ø¸ÏÇí° �ßÁ£° �ý»º¼°¹ÎÀ �úÀÐºÚÀ®·ÇÀ �¯Àâ±ê»ÇÀ �üÇÂÅÎ· �²³Æ¾ÖÀÂ´ �Í°¸ÀÎ· �ç»á·ÈµÙ´.� �Ý¹é¸¡¿ �ú°ê»­Èö¼Ò¼¡° �ç¾Ð·ñº �ÌÀó»¸ÀÎ· �ÖÁÔÀÈµ �1�0�5�0�p�p�m�¡¿­¼Â´ �T�O�C�¦ÁÅ°²ÀÌÀ �9�7�%�î±öÁ �øÁàÇÇµú¾Ù´.� �1�8�0�0�p�p�m�ú° �2�4�0�0�p�p�m�¡¿­¼ÇÀ �T�O�C�¯º­ÈÂ´ �«Å �÷ÂÌÀ¦¸ �¸ºÌÀöÁ �Ê¾Â´¥µ �ÌÀ¯·ÑÇ �öÇó»ºÀ �ú°ê»­Èö¼Ò¼ÇÀ �ÖÁÔÀ®·»À �è°Ó¼ �Ã´Á·µµ �î¾À´ �ÑÇè°¡Á¡¿ �µµÞ´ÏÇ©¿­¼Â´ �T�O�C�¦ÁÅ°Ó¼µµ¡° �©ÅÔ° �õÁ¡°ÏÇöÁ �Ê¾½À»À �ÇÀÌ¹ÑÇÙ´.� �


�äÆî³ �×¹ �h�y�d�r�o�q�u�i�n�o�n�e�ú° �c�a�t�e�c�h�o�l�»À �H�P�L�C�Î· �¤Á®·Ðº®¼ÏÇ©¿ �Ý¹ÀÀøÁàÇ¡¿ �ûµ¥¸ �ßÁ£° �ý»º¼°¹ÇÀ �¯º­È¦¸ �ü°ûÂÏÇ´¿Ù´(�×±²¸3�)�.� �äÆî³ �2�0�0�p�p�m�»À �ú°ê»­Èö¼Ò¼Í¿ÇÀ �ç¾Ð·ñº(�1�0�1�2�p�p�m�)�¸ºÙ´ �·³ºÀ �ó³µµÎÀ �6�0�0�p�p�m�»À �ÖÁÔÀÏÇ©¿ �Ý¹ÀÀÃ½²Å �á°ú°,� �äÆî³ºÀ �1�0�Ðº �ÌÀ»³¡¿ �9�0�%�ÌÀó» �ê»­ÈÇµöÁ¸¸ �h�y�d�r�o�q�u�i�n�o�n�e�ú° �c�a�t�e�c�h�o�l�ºÀ �Ý¹ÀÀÃ½£°ÌÀ �2�0�Ðº �ÌÀó» �öÁª³µµ �¹¸ÌÀ �ÜÀù·ÏÇí° �ÖÀ½À»À �Ë¾ �ö¼ �ÖÀÙ´.� �ÌÀ¯·ÑÇ �öÇó»ºÀ �ú°ê»­Èö¼Ò¼¡°¡° �ç¾Ð·ñº¸ºÙ´ �·³ºÀ �ó³µµ¡¿­¼Â´ �äÆî³ÌÀ �Ï¿üÀ �ê»­ÈÏÇ©¿ �«¹â±­ÈÇµöÁ �ø¸ÏÇí° �ßÁ£° �ý»º¼°¹ÇÀ �üÇÂÅÎ· �ÜÀ¸ÁÒÇ �Í°ÌÀó¶Â´ �Õ¾­¼ÇÀ �ÖÁåÀ»À �ßÀ �ÞµÞ¹§ÄÑÇÙ´.�
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�1�.� �P�h�e�n�o�l�ÇÀ �ê»­È �Ý¹ÀÀ»À �‘�p�s�e�u�d�o� �f�i�r�s�t� �o�r�d�e�r� �r�e�a�c�t�i�o�n�’�¸ÀÎ· �¡°¤ÁÏÇ©¿ �ñº³±ÒÇ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �


�æ°ì¿ �í°ÖÁÄÆ �¶Áç»¡¿ �ÇÀØÇ �Ý¹ÀÀÓ¼µµ¡° �5�0�%� �ÌÀó» �õÁ¡°´¿í° �T�O�C�¦ÁÅ°²ÀºÀ � � � � � � � � � � � � � � � � � � � � � � � �6�0�%�¤Áµµ �ô³Ô° �ª³¸Åµ³Ù´.�


�2�.� �äÆî³»À �Ï¿üÀ �ê»­ÈÃ½ÑÄ �T�O�C�¦¸ �¦ÁÅ°ÏÇâ± �§ÀØÇ­¼Â´ �ÖÃÒ¼ÑÇ �ç¾Ð·ñº �ÌÀó»ÇÀ � � � � � � � � � � � �


� � � �ú°ê»­Èö¼Ò¼¡° �ÊÇä¿ÏÇ´¿Ù´.�


�3�.� �äÆî³ÇÀ �ê»­È �ÐºØÇÝ¹ÀÀºÀ �h�y�d�r�o�q�u�i�n�o�n�e�ú° �c�a�t�e�c�h�o�l�»À �¿µÃ½¡¿ �ý»º¼ÏÇ©¿ �úÀ � �


� � � �ÐºÚÀ®·ÇÀ �¯Àâ±ê»»À �ý»º¼ÏÇÂ´ �¬¿Ó¼ �ê»­ÈÝ¹ÀÀÓÀ»À �®ÈÎÀÏÇ´¿Ù´.�


�4�.� �»º �Ç½èÇ �á°ú°Î· �ÎºÍÅ �äÆî³ÇÀ �ê»­È �ÐºØÇÝ¹ÀÀ¡¿ �ÖÀî¾­¼ �í°ÖÁÄÆÍ¿ �ÚÀÜ¿±¼»À � �


� � � �¹ºÕÇÑÇ �ø°¤ÁºÀ �ú°ê»­Èö¼Ò¼ÇÀ �ê»­È¿È²À»À �ô³ÏÀ �ö¼ �ÖÀÂ´ �õ»Î·î¿ �ö¼³Ã®¸ �æ¹ý¹ � � � � � �


� � � �¸ÀÎ·­¼ �¡°É´º¼ÌÀ �ÖÀ½À»À �¸º©¿ØÁÙ´.�
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� � �F�i�g�.�2�.� �P�s�e�u�d�o� �1�t�h� �o�r�d�e�r� �p�l�o�t� �f�o�r� � �d�e�c�o�m�p�o�s�-� � � � � � � � � � �F�i�g�.� �3�.� �I�n�t�e�r�m�e�d�i�a�t�e�s� �i�n� �o�x�i�d�a�t�i�o�n� �o�f� �p�h�e�n�o�l�


� � � � � � � � � � � � �i�t�i�o�n� �o�f� �p�h�e�n�o�l�(�p�h�e�n�o�l� �2�0�0�p�p�m�,� �H�2�O�2� � � � � � � � � � � � � � � � � � � � �b�y� �U�V� �+� �m�i�c�r�o�w�a�v�e�


� � � � � � � � � � � � �6�0�0� �p�p�m�)�
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�W�i�l�l�i�a�m� �H�.�G�l�a�z�e�,�J�o�o�n�-�W�u�n� �k�a�n�g�,�a�n�d� �D�o�u�g�l�a�s� �H�.�C�h�a�p�i�n�,� �“�T�h�e� �c�h�e�m�i�s�t�r�y� �o�f� �w�a�t�e�r� �t�r�e�a�t�m�e�n�t� �p�r�o�c�e�s�s�e�s� �i�n�v�o�l�v�i�n�g� �o�z�o�n�e�,�h�y�d�r�o�g�e�n� �p�e�r�o�x�i�d�e� �a�n�d� �u�l�t�r�a�v�i�o�l�e�t� �r�a�d�i�a�t�i�o�n�”�,� �O�z�o�n�e� �s�c�i�.� �&� �e�n�g�.�,� �9�,� �3�3�5�-�3�5�2�(�1�9�8�7�)�


�S�.�G�u�i�t�t�o�n�n�e�a�u�,�J�.�D�e� �L�a�a�t�,�J�.�P�.�D�u�g�u�e�t�,�C�.�B�o�n�n�e�l�,�a�n�d� �M�.�D�o�r�e� � �“�O�x�i�d�a�t�i�o�n� �o�f� �P�a�r�a�c�h�l�o�r�o�n�i�t�r�o�b�e�n�z�e�n�e� �I�n� �D�i�l�u�t�e� �A�q�u�e�o�u�s� �S�o�l�u�t�i�o�n� �B�y� �O�3� �+� �U�V� �a�n�d� �H�2�O�2� �+� �U�V� �:� �A� �c�o�m�p�a�r�a�t�i�v�e� �s�t�u�d�y�”� �O�z�o�n�e� �S�c�i�.� �&� �E�n�g�.�,� �l�(�1�2�)�,� �7�3�-�9�4�(�1�9�9�0�)�


�1�0�.�P�.�S�c�h�u�l�t�e�,�A�.�B�a�y�e�r�,�F�.�K�u�h�n�,�T�h�.�L�u�y� �a�n�d� �M�.�V�o�l�k�m�e�r�,� �H�2�O�2�/�O�3�,� �H�2�O�2�/�U�V�,� �H�2�O�2�/�F�e�2�+� �p�r�o�c�e�s�s�e�s� �f�o�r� �t�h�e� �o�x�i�d�a�t�i�o�n� �o�f� �h�a�z�a�r�d�o�u�s� �w�a�s�t�e�s�”�,�O�z�o�n�e� �S�c�i�.� �&� �E�n�g�.�,� �1�7�,� �1�1�9�~�1�3�4�(�1�9�9�5�)�


�S�h�a�m�s�h�e�r� �S�.� �B�a�r�l�,� �A�j�s�y� �K�.� �B�o�s�e�,� �A�s�h�o�k� �G�.� �C�h�a�u�d�h�a�r�y�,� �M�a�n�h�a�s� �S�.� �M�a�n�h�a�s�,� �V�e�g�e�s�n�a� �S�.�R�a�j�u�,� �a�n�d� �E�e�n�e�s�t� �W�.� �R�o�b�b�,� �“�R�e�a�c�t�i�o�n� �A�c�c�e�l�e�r�a�t�e�d� �b�y� �M�i�c�r�o�w�a�v�e� �R�a�d�i�a�t�i�o�n� �i�n� �t�h�e� �U�n�d�e�r�g�r�a�d�u�a�t�e� �O�r�g�a�n�i�c� �L�a�b�o�r�a�t�o�r�y�”�,� �J�.�o�f� �C�h�e�m�.� �E�d�u�c�,� �6�9�(�1�1�)�,� �9�3�8�-�9�3�9�(�1�9�9�2�)�.�


�M�.�A�.�B�.�P�o�u�g�n�e�t�,� �“�M�o�d�i�f�i�c�a�t�i�o�n� �o�f� �a� �c�o�m�m�e�r�c�i�a�l� �m�i�c�r�o�w�a�v�e� �o�v�e�n� �f�o�r� ���a�p�p�l�i�c�a�t�i�o�n�s� �i�n� �t�h�e� �c�h�m�i�c�a�l� �l�a�b�o�r�a�t�o�r�y�”�,� �R�e�v�.�S�c�i�.�I�n�s�t�r�u�m�.�,� �4�(�2�)�,� �5�2�9�~�5�3�1�(�1�9�9�3�)�
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