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�¤¢�õ �� ÝþÀÖ�Çþ�ûü÷��Âúõ �Þû §�� ��



ÂØÈ� ø ü÷�¢¤Àì
�� ,À�µÆû ù�ÚÈ÷�¢ ø ö�þ�¹È÷�¢ �Þû ý�Â� ö��Âúõ ý¤À� ö�»Þû �î ü��±� Ó¨�þ Âµî¢ ý�ì� ¥� ��� Âû ¥� Û±ì.�¤��Ú¨�³¨ ÇûøÄ� ø ©¥�õ� ý�Â� °¨��õ üÎ�½õ ß��� ¢�¹þ� ÂÏ�¡.�¤��Ú¨�³¨ ö�Èþ�ûüþ�Þ�û�¤ ø �û×Þî ��Þ� ÂÏ�¿� ü÷�½þ¤À�¨ ¤¢�÷À�¨ Âµî¢ ý�ì� ùÄþ�� �¤ÀÖ÷�Âð À���¨� �Þû ¥�.�¤��Ú¨�³¨ ö�Èþ�ûüþ�Þ�û�¤ ø �û¶½� ÂÏ�¡ �� üÜÌê ß�Æ� Âµî¢ ý�ì� �¤ø�Èõ ¢�µ¨� ¥�.�¤��Ú¨�³¨ ,À�µêÂð ùÀúäÂ� �¤ �õ�÷ö�þ�� ßþ� ý¤ø�¢ ´Þ�¥ �î ¤��ð¤�� ø �þ�ä ö�¤ø�¢ ¥�.Ý�îüõ ´�Öê�õ ýø¥¤� ö�Èþ�Â� ø �¤��Ú¨�³¨ ,Ýµª�¢ �ú÷� �� �¤ ü��¡ ý�û¥ø¤ �î �þ�ä ø ��¡ ö�µ¨ø¢ �Þû ¥�.Ý�îüõ ý¤��Ú¨�³¨ ,À÷�ù¢�� ßõ ë�Èõ Û�Ê½� ö�¤ø¢ ��Þ� ¤¢ �î Ý÷�¤¢�Â� ùÄþ�� ��þ�ä ù¢��÷�¡ ¥� ´þ�ú÷ ¤¢

¤�ú�



ùÀ�Ø��� �ûñ�Øó�õ ßþ� .À÷�ù¢�¢ «�Êµ¡� ¢�¡ �� �¤ ñ�Ü¨ ×þ ý�Èè ¤�µ¡�¨ ¥� À¬¤¢ 50 ¢øÀ� ýÀ�³�ó ý�ûñ�Øó�õýÀ�³�ó ý�ûñ�Øó�õ .À��îüõ �Ôþ� ñ�Ü¨ öøÂ�� ø öø¤¢ �� ¢��õ ñ�Öµ÷� ¤¢ �¤ üÞúõ ÇÖ÷ �Èè ý�ûß�ÿ�øÂ� ù�ÂÞû�ê�½õ ×þ �¤�¬ �� ýÀ�³�ó �þ�ø¢ .À÷��µêÂð ¤�Âì �þ�ø¢ ×þ �¤�¬ �� ,À÷¤�¢ �î ý�ùÄþø «��¡ ÂÏ�¡�� �Èèø¢ ø À�û¢üõ ñ�Öµ÷� öøÂ�� ø Û¡�¢ �� �¤ ýÀ�ì ¢��õ ø �ûö�þ ,¥��÷ �¤�¬ ¤¢ �ûß�ÿ�øÂ� .À�îüõ ÛÞä ñ�Ü¨ ý�Â���¤£ ø ¢��õ ¥� ü¡Â� �µ±ó� .À�îüõ ýÂ�ð�Ü� ¢��õ ¥� ýÂ¨ ßþ� ýù¥�À÷� ¥� Ç�� �øÂ¡ ø ¢ø¤ø ¥� ýÀ�³�ó �þ�.Àû¢üõ ��¹÷� �¤ ¤�î ßþ� «�¡ üþ�ûÀ�þ�Âê ¤¢ ýÀ�³�ó �þ�ø¢ üóø ,À÷�ª ù¢�¢ ¤�±ä �ûß�ÿ�øÂ� Í¨�� À�÷���üÞ÷üä��Êõ ý�û�Èè ßþ� .Ýþ¢Âî À�ó�� ÛØª ýøÂî ýÀ�³�ó �þ� ø¢ ý�Èè ,ýÀ�³�ó�ÔÆê ý�ûñ�Øó�õ ¥� �Àµ�� �õÀ�� ý�û×÷�À�� .´¨� Â�çµõ ÂµõøÂØ�õ ù¢ À�� �� Âµõ�÷�÷ ù¢ À�� ¥� �ú÷� ÂÎì ù¥�À÷� .À÷�ªüõ ùÀ�õ�÷ ×÷�À��ñÀõ ü÷øÂØ�õ ù¢ À�� ý�ûù¥�À÷� .À÷�ªüõ ù¢�Ôµ¨� öÀ� ¤¢ ø¤�¢ ñ�Öµ÷� ö�»Þû üþ�ûÀ�þ�Âê ¤¢ ýÂµõ�÷�÷ À¬×þ ý�Èè ýÀ�³�ó ´ÞÆì �� ���Èõ ý¤�µê¤ À�÷���üõ �û×÷�À�� .À�þ�üõ ¤�Þª�� ñ�Ü¨ ý�Èè ý�Â� ü��¡¼Î¨ �� �¤ ü÷øÂØ�õ ù¤£ ×þ ý¤�÷ íÂ±÷� ¥� ù¢�Ôµ¨� �� ,�û×÷�À�� À�ó�� ¥� Àã� .À�û¢ ö�È÷ ¢�¡ ¥� ,ñ�Ü¨×þ �ó�±÷¢ .ÝþÀ�Èî öøÂ�� ×÷�À�� ý�Èè ¥� �ó�±÷¢ ×þ ý¤�÷ �Ü� ýøÂ�÷ ¥� ù¢�Ôµ¨� �� ø ùÀ÷�±Æ� üð¤�� ×÷�À��ßþ� ýÂ�ðù¥�À÷� �� .À�îüõ ¢¤�ø ùÀª �Ü� ýù¤£ �� �¤ üþøÂ�÷ ø ´¨� ü÷øÂØ�õ ù¤£ ø ×÷�À�� ¼Î¨ ß�� �ó�ó�÷�÷.Ýþ¤ø�üõ ´¨À� �¤ ×÷�À�� ü÷�ÆÈî «��¡ �� ¯��Âõ ��ä�Ï� ,øÂ�÷�ó�±÷¢ ,ý¤�÷ íÂ±÷� ,×÷�À�� ,ýÀ�³�ó �þ�ø¢ : ýÀ�Üî ��ÞÜî

¸��



´¨Âúê
¸�� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ùÀ�Ø�ù¢ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . �õÀÖõ�Èè ¤�µ¡�¨ Â� ý¤øÂõ 11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ñ�Ü¨ ý�Èè 1.13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Û�ê üÔõ� ý�ûñ�Øó�õ 1.1.14 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . �Èè üþ�ø�Â� 2.1.17 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ý�Þ¨� ¤�Èê 3.1.110 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . üó�Øó�õ ß�� ý�ûÀ÷��� 4.1.112 . . . . . . . . . . . . . . . . . . . . . . . . . ý�þÂð�� ø üµ¨ø¢��«��¡ 5.1.114 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . �ûÀ�³ó�ÔÆê 6.1.116 . . . . . . . . . . . . . . . . . . . . . . . . . . Û�êüÔõ� ý�ûñ�Øó�õ á�Þµ�� -¢�¡ 2.119 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . �Èè ü÷�ÆÈî «��¡ 3.1Çª



20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . �Èè ��½Ô¬ ÇÈî 1.3.120 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . �Èè ÇÞ¡ 2.3.1üµÆþ¥ ý�û�÷�Þ÷ ü��Ø¨øÂØ�õ 224 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ö� ý���� ø ��Ø¨øÂØ�õ 1.225 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . üÿ�ª ü¨Àä 1.1.226 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ×�ØÔ� ö��� 2.1.227 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ÂÜîe üû¢¤�÷ 3.1.229 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ü÷øÂµØó� ü��Ø¨øÂØ�õ 2.232 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . üÜ¡�À� ý�û��Ø¨øÂØ�õ 3.232 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ¥�ê ßþ�±� ü��Ø¨øÂØ�õ 1.3.234 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . DIC ü��Ø¨øÂØ�õ 2.3.235 . . . . . . . . . . . . . . . . . . . ¥�ê ßþ�±� ø DIC ý�ûü��Ø¨øÂØ�õ �ø�Ô� 3.3.236 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Å÷�¨¤���Üê ü��Ø¨øÂØ�õ 4.238 . . . . . . . . . . . . . . . . . . . . . . Å÷�¨¤���Üê ü��Ø¨øÂØ�õ ¤�î §�¨� 1.4.2�û×÷�À�� ´¡�¨ 341 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . �û×÷�À�� ´¡�¨ ©ø¤ 1.342 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ý¢�¿�¢�¡ �¤�� ©ø¤ 1.1.3´Ôû



44 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . üØþÂµØó� �¤�� ©ø¤ 2.1.346 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . �û×÷�À�� üû¢�¤�� Í�½õ 2.346 . . . . . . . . . . . . . . . . . . . . . . . . . . . ü±Îì üû¢�¤�� ý�ûÍ�½õ 1.2.347 . . . . . . . . . . . . . . . . . . . . . . . . . . . ü÷�þ üû¢�¤�� ý�ûÍ�½õ 2.2.348 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ßþÀþø�µ�Âµ¨� -ß���þ�� ñ�Ê�� 3.350 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ×÷�À�� ý�Èè ��¡ ø ´ê� 4.3ý¤�÷ íÂ±÷� 453 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ý¤�÷ íÂ±÷� ýÂÑ÷ ü÷�±õ 1.454 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ü¨À�û ×�µ�� À� 1.1.455 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . üÜþ¤ À� 2.1.456 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ý¤�÷ íÂ±÷� ö�õÀ�� 2.458 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . À�þ�Â� ý�ûøÂ�÷ ýÀ����¤¢ 3.459 . . . . . . . . . . . . . . . . . . . . . . . . . . . ñ��¨ ´õø�Öõ ýøÂ�÷ ©ø¤ 1.3.460 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ü÷��� Ó�Ï ©ø¤ 2.3.462 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . üµÆþ¥ ��Üä ¤¢ ý¤�÷ íÂ±÷� 4.4ý¤�÷ íÂ±÷� ø �û×÷�À�� ü÷�ÆÈî «��¡ 565 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ´³��øÂØ�õ ÇØõ ©ø¤ 1.567 . . . . . . . ×÷�À�� ý�Èè üÈÞ¡ üµ¿¨ ß��ã� ý�Â� ý¤�÷ íÂ±÷� -´³��øÂØ�õ ©ø¤ 2.5´Èû



71 . . . . . . . . . . . . . . . . . . . . . . . . ×÷�À�� ´¡�¨ �� ¯��Âõ ¸þ�µ÷ ø �ûù¢�¢ 3.575 . . . . . . . . . . . . . . . ×÷�À�� üÈÞ¡ üµ¿¨ ýÂ�ðù¥�À÷� �� ¯��Âõ ¸þ�µ÷ ø �ûù¢�¢ 4.577 . . . . . . . . . . . . . . . . . . . . . . . . . . . �Èè ¥� �ó�±÷¢ öÀ�Èî öøÂ�� 1.4.578 . . . . . . . . . . . . . . . . . . . . . . �ó�±÷¢ ýøÂ�÷ ¤�¢�Þ÷ ø �ûù¢�¢ Û�Ü½� 2.4.589 . . . . . . . . . . . . . . . . . . . . . . . . . . . . ýÂ�ð�¹�µ÷ ø ýÀ��âÞ� 3.4.590 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . �õ ýø¤ Ç�� ý�û¤�î 4.4.591 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . â��Âõ

�÷



�õÀÖõÝû ¤��î üÆ÷��ø�îÂ�è ý�ûÇ�î ÝûÂ� �� �î ´¨� ùÀª �µ¡�¨ �ûß�ÿ�øÂ� ø 1ýÀ�³�ó ý�ûñ�Øó�õ ¥� ñ�Ü¨ ý�ÈèùÀª ¶ä�� Ûõ�ä ßþ� .À÷¤�¢ 3ý�þÂð�� ø 2üµ¨ø¢��«��¡ �Èè ýÀ�³�ó ý�ûñ�Øó�õ .℄1[À÷�ùÀª �µª�¢ �Ú÷ö�»Þû üþ�ûÀ�þ�Âê ¤¢ �Èè ýÀ�³�ó ý�û´ÞÆì .À÷�ª üûÀ÷�õ¥�¨ �Èè ö�Þµ¡�¨¤¢ �þ�ø¢ ×þ �¤�¬ �� �ú÷�ý�ùÀÞä ÇÖ÷ (exocytosis) ñ�Ü¨ öøÂ�� �� Àþ�¥ ¢��õ ñ�Öµ÷� ø (endocytosis) ñ�Ü¨ öø¤¢ �� üþ�Áè ¢��õ ö¢Â�.À��îüõ ý¥�� �¤5ß�µ�Æó �¤ ñ�Øó�õ ßþ� ø� .¢Âî ��Â¿µ¨� (�çõ ø) åÂõÝ¿� ù¢¤¥ ¥� ¤�¢ÂÔÆê À�³�ó á�÷ ×þ 1847 ñ�¨ ¤¢ 4üÜ��ð.À÷¤�¢ ¢��ø ñ�Ü¨ ý�Èè ¤¢ �î ,´¨� ýÀ�³ � ó ý�ûñ�Øó�õ á�÷ ö�Þû ¥� (6À�³ � ó�ÔÆê) ß�µ �Æó .¢�ú ÷ �� ÷¤¢ (�û�ø¥�³�ó �þ) �û×÷�À�� ÓÈî .´¨� ýÀ�³�ó�ÔÆê ý�ûñ�Øó�õ ¥� ùÀª �µ¡�¨ �þ� ø¢ ý�Èè ×þ 7×÷�À��ÂÎì �î À÷Àªüõ �µ¡�¨ üþ�û×÷�À�� ¤�î ¥�è� ¤¢ .℄2[´¨� ùÀª ù¢�¢ ´±Æ÷ 8��úÚ�� ×ó� �� ,1960 ñ�¨¢Â�¤�î ßþÂ� Ýúõ ¥� üØþ .À÷À�õ�÷üõ 9�ø¥�³�ó �¤ �û×÷�À�� á�÷ ßþ� .¢ÂîüÞ÷ ¥ø�¹� Âµõ�÷�÷ À¬ À�� ¥� �ú÷�¤¢ ü÷�ÏÂ¨ ñ�Ü¨ À® ý�ûø¤�¢ .Àª��üõ öÀ� ¤¢ 10ø¤�¢ ñ�Öµ÷� ,ýÂµõ�÷�÷ À¬ À�� ý�ûù¥�À÷� ¤¢ �û�ø¥�³�óñ�Ü¨ Û¡�¢ �� ,À�ª�� ö�õ� ¤¢ Ýó�¨ ý�ûñ�Ü¨ �î ý¤�Ï �� �ûÀ�þ�Âê ýÂ¨ ×þ �� ø ý¥�¨�� �û�ø¥�³�ó öø¤¢.¢¥�À÷�üõ ¤�î ¥� �¤ ö� ø �µê�þ ñ�Öµ÷� ü÷�ÏÂ¨ýÂÑ÷ ��ãó�Îõ �þ��Â� ,5-300 µm ý�ûù¥�À÷� ¤¢ (11ÂØ�� ñ�è ý�û×÷�À�� ö�Þû �þ) ÂØ��ñ�è ý�û�ø¥�³�ó
Lipid molecules 1

Hydrophilic 2
Hydrophobic 3

Gobley 4
Lecithin 5

Phospholipid 6
Vesicle 7

Alec Bangham 8
Liposomes 9

Drug delivery 10
Giant Vesicles 11

ù¢



ý�û×÷�À�� .À÷Àª �µ¡�¨ ,�Èè üØ�÷�Øõ«��¡ ¥� 13Å÷�ø� ý�ûýÂ�ðù¥�À÷� ø �Èè ý��½÷� ýø¤ 12ÇþÂÔÜû.¢ÂþÁ�üõ �¤�¬ ñÀõ ßþ� ýø¤ �ûÇþ�õ¥� ¥� ý¤��Æ� ø À�þ�üõ ¤�ÞÈ� ��¡ üó�Ü¨ ñÀõ ×þ ÂØ�� ñ�è����� �¤ �Èè «��¡ ¥� ý¤��Æ� ü÷�µÜ�Þû ßþ� .¢�¢ ���¤� �¤ ¢�¡ éøÂãõ ü÷�µÜ�Þû 1973 ñ�¨ ¤¢ ÇþÂÔÜû: ´¨� Âþ¥ �¤�Ê� ×÷�À�� ý�Â� ÇþÂÔÜû ü÷�µÜ�Þû ÛØª .À�îüõ
Ebend =

12 ∫

κ(2H − H0)2 dAýÀ�³�ó �þ�ø¢ 16ý¢�¿�¢�¡ ý��½÷� ø 15ß�Ú÷��õ ý��½÷� °��Â� �� H0 ø H ,ýÀ�³�ó �þ�ø¢ 14ÇÞ¡ üµ¿¨ κ.´¨� H0 = 0 �û�þ� ¥� ��Àî Âû ö¤�Ö� Û�óÀ� ,(×÷�À��) ßÚÞû ýøÂî ý�þ�ø¢ ý�Èè ý�Â� Ûî ¤¢ .´¨�´ó�� �� ´±Æ÷ �Èè ´��Æõ ,(�Èè ¼Î¨ �� ù¤£ ×þ öÀ�±Æ� �� �þ ´³��øÂØ�õ Í¨��)¢�ª ùÀ�Èî �Èè Âð� ñ��: ¢�ªüõ �µª�÷ Âþ¥ �¤�¬ �� ´��Æõ Â��ç� ý�Â� üÈÈî ý�Â÷� .À�îüõ Â��ç� ��óø�
Eten = σA�Ü � � � ùÀª ü÷� ÷� î ü¨ø�ð ¤� � ó �Ø þ¤� � ¥� ù¢� Ô µ¨� � � ö�� �üõ �¤ �� ¤¢ ¤ø� �ª ü÷øÂØ�õ ý��È�ª ý�ûùÂîö�÷�î ¤¢ ��¤£ ý¥�À÷� �Ü� �� ¶ä�� ø ùÀª ý¤�½õ ø ü®Âä ý�µ¨�¤ ¤¢ �Àª ö�þ¢�Âð ö�÷�î ¤¢ .℄3[´¡�À÷��� ¢¤�ø ýøÂ�÷ .¢�ªüõ �Ü� �îÂõ ¥� ù¤£ üþ�¹��� ¶ä�� ¢�ª ¢¤�ø ý¤�÷ �Ü� ¤¢ ù¤£ �� ü�¤�¡ ýøÂ�÷ Âð� .¢�ªüõ:Àþ�üõ ´¨¢ �� Âþ¥ �Î��¤ ¥� ù¤£

Ftrap = ktrapx.´¨� �Ü� �îÂõ ¥� ù¤£ üþ�¹��� x ø �Ü� üµ¿¨ ´��� ktrap¥� �ó�±÷¢ ×þ ø À÷�±Æ� ×÷�À�� ý�Èè ¼Î¨ �� �¤ �Ü� ¤¢ ù¤£ ×þ ö���üõ 17ý¤�÷ íÂ±÷� ÝµÆ�¨ ¥� ù¢�Ôµ¨� ���� øÂ�÷ ßþ� .À�îüõ ¢¤�ø ¼Î¨ �� Çó�Ê�� �ÎÖ÷ �� �¤ ft ý��ÎÖ÷ ýøÂ�÷ ,L ñ�Ï �� �ó�±÷¢ .À�Èî öøÂ�� ¼Î¨Âþ¥ �¤�Ê� �¤ �Èè ¢�¥� ý�Â÷� ö���üõ ¤�¢ �ó�±÷¢ ×÷�À�� ý�Â� .´¨� Â��Â� Ftrap �� ø ¢�ªüõ ¢¤�ø ��÷ �Ü� ¤¢ ù¤£
Helfrich 12

Evans 13
Bending rigidity 14
Mean curvature 15

Spontaneous curvature 16
Optical tweezers 17ù¢¥�þ



: ℄4[´ª�÷
E =

12 ∫

κ(2H)2dA + σA − PV − FtL.´¨� (ý�Þ¨� ¤�Èê) �Èè öøÂ�� ø öø¤¢ ß�� ¤�Èê é�µ¡� P ø ×÷�À�� Ý¹� V �î.À�û¢üõ �Èè ü÷�ÆÈî «��¡ ¢¤�õ ¤¢ ü��ä�Ï� �î Ý���þüõ �¤ ü��¢�ãõ ý�Â÷� ßþ� ö¢Âî ���Þî ��:�õ�÷ ö�þ�� ¤�µ¡�¨ý�ûñ�Øó�õ ¥� ùÀª �µ¡�¨ üä��Êõ ý�Èè ×þ �� ö� ý�û�ø�Ô� ø ñ�Ü¨ ý�Èè ¢¤�õ ¤¢ �õ�÷ ö�þ�� ñø� ÛÊê ¤¢.¢Âî Ý�û��¡ ¶½� ýÀ�³�ó�ÔÆê¤�Ø� üµÆþ¥ ý�û�÷�Þ÷ ¥� ý¤�¢Â�Âþ�Ê� ý�Â� �î üþ�ûü��Ø¨øÂØ�õ á��÷� Â� ýÂÊµ¿õ ¤øÂõ �ø¢ ÛÊê ¤¢.¢Âî Ý�û��¡ ,À�þ�üõü¨�¨� ©ø¤ ø¢ .¢�ªüõ ù¢�¢ ¼�®�� ��¨ ÛÊê ¤¢ ´¨� �õ�÷ ö�þ�� Ýúõ ý�ûÇ¿� ¥� üØþ �î �û×÷�À�� ´¡�¨.¢¤ø� Ý�û��¡ ÛÊê ßþ� ¤¢ �¤ ×÷�À�� ´¡�¨ù�Úµ¨¢ ßþ� �� ü����÷�Ø�� ý�ûøÂ�÷ ýÂ�ð ù¥�À÷� üÚ÷�Ú� �� ø ¢Âî Ý�û��¡ üêÂãõ �¤ ý¤�÷ íÂ±÷� �¤�ú� ÛÊê ¤¢.¢Âî Ý�û��¡ üµÆþ¥ ��Üä ¤¢ ý¤�÷ íÂ±÷� ý�û¢Â�¤�î �� Ýû ý�ù¤�ª� ÛÊê ßþ� ¤¢ . Ýþ¥�¢Â�üõß þ� ¤¢ × ÷�À �� ´ ¡� ¨ � � ¯� �Â õ ¸ þ� µ ÷ø � ûù¢�¢ .À ª� �ü õ � õ� ÷ ö� þ� � Û Ê ê ß þÂ � Ý ú õ Â ¡� ÛÊ ê¥� ý¤� ÷ � Ü � ¥� ù¢� Ô µ ¨� � � � ÷� Ú� � î ¢�¢ Ý � û�� ¡ ö�È ÷ ÛÊê ß þ� ¤¢ ß � �»Þû .´¨� ùÀª ù¢¤ø� ÛÊê.Ýþ¤ø�üõ ´¨¢ �� ,¢�ªüõ ¢¤�ø ý¤�÷ ý�Ü� ¤¢ ù¤£ �� �î �¤ �ó�±÷¢ ýøÂ�÷ ø Ý�Èîüõ öøÂ�� �ó�±÷¢ ×÷�À�� ý�Èè

ù¢¥�ø¢



ñø� ÛÊê
�Èè ¤�µ¡�¨ Â� ý¤øÂõ

öøÂ�� ø öø¤¢ ¤¢ �ú÷� á�÷ ø �ûö�þ ¤�ÀÖõ .Àª��üõ ¢¤�¢ ¤�Âì ö� ¤¢ �î üÎ�½õ ¥� �ø�Ôµõ üþ��µ½õ ý�¤�¢ ñ�Ü¨¥� ñ�Ü¨ ý�Èè .À÷�ªüõ �À� Ýû ¥� 1üþ�Þ¨�� ý�Èè Í¨�� ñ�Ü¨ öøÂ�� ø öø¤¢ Í�½õ .´¨� �ø�Ôµõ ñ�Ü¨ö¤�Öµõ Â�è ý¤�µ¡�¨ ø ´¨� ùÀª ´¨¤¢ À÷¤�¢ ¤�Âì ö� ¥� üÔÜµ¿õ ý�û�� ¤¢ �ûß�ÿ�øÂ� �î ýÀ�³�ó ý�þ�ø¢ ×þø ¤�µ¡�¨ ÛÊê ßþ� ¤¢ .℄1[´¨� ÂÚþ¢ ý�þ� ¥� �ø�Ôµõ �þ� Âû ¤¢ ¢���õ ý�ûß�ÿ�øÂ� ø �ûÀ�³�ó ü�ãþ .¢¤�¢À¬¤¢ �î ýÀ�³�ó�ÔÆê ý�ûñ�Øó�õ �� â��¤ �õ�¢� ¤¢ ø ´êÂð Àû��¡ ¤�Âì ü¨¤Â� ¢¤�õ ñ�Ü¨ ý�Èè «��¡.Àª Àû��¡ ¶½� ,À÷¢�¢ «�Êµ¡� ¢�¡ �� �¤ �Èè ¼Î¨ ¥� ý¢�þ¥ñ�Ü¨ ý�Èè 1.1�î ¢Âî �ÂÎõ �¤ ��®Âê ßþ� Ýû¢¥�÷ öÂì Â¡�ø� ¤¢ 3 ß�¤ø� ,ñ�Ü¨ ý�Èè 2ý�Þ¨� «��¡ ¥� ü��Àû�Èõ §�¨� Â���Àû�Èõ §�¨� Â� 5 ñÀ÷Âð ø 4Â�¤�ð ,1925 ¤¢ .´¨� ùÀª Û�ØÈ� ýÀ�³�ó í¥�÷ �þ� ¥� üþ�Þ¨�� ý�Èè
Plasma membrane 1

Osmotic 2
Overten 3
Gorter 4

Grendel 51



Â� ýÀ�³�ó �þ� ø¢ Û�ØÈ� ý�Â� ¢¤�¢ ¢��ø 6  Â¨ ý�û�»þ�ð ý�Èè ¤¢ �î üþ�ûÀ�³�ó ¤�ÀÖõ �î À�µê�þ¤¢ ü�Â¹�7ýÀ�³�ó ý�ûñ�Øó�õ ¥� �þ�ø¢ �¤�¬ �� �Èè �î À�µê�þ¤¢ �ú÷� ß��»Þû .´¨� üê�î  Â¨ ý�û�»þ�ð ¼Î¨.℄5[À�îüõ ýÂ�Úþ�� �Èè öø¤¢ ø öøÂ�� ´Þ¨ �� �ûñ�Øó�õ ü±Îì ´ÞÆì ø ´¨� ùÀª �µ¡�¨ ü±Îì Â¨ ý�¤�¢ö�È÷ �Èè ý�Â� �¤ üþ��� üØþÂµØó� ´õø�Öõ ¢��ø �î üØþÂµØó� ý�ûýÂ�ðù¥�À÷� ¥� Û¬�� ¸þ�µ÷ �� �þÂÑ÷ ßþ�ýÀ�³�ó ý�Èè ¥� ý¤��ª¢ �� �ûö�þ �î ¢�ªüõ üª�÷ �¹÷� ¥� ��� üØþÂµØó� ´õø�Öõ ßþ� .´¨� ¤�ð¥�¨ ,Àû¢üõ.À÷¤Áðüõüµìø .´¨� ����÷ ¤��Æ� ýÀ�³�ó �þ� ø¢ ×þ �� �Æþ�Öõ ¤¢ �ûñ�Ü¨ ü½Î¨ ÇÈî �î Àªüõ ùÀû�Èõ üêÂÏ ¥�¤�ÀÖõ �� °¨��µõ ü½Î¨ ÇÈî ,¢�ª ù¢ø�ê� ���À�³�ó �ä�Þ¹õ ¥� ÛØÈµõ ö�Þµ¡�¨ �� ß�ÿ�øÂ� üÞî ¤�ÀÖõÀ÷¢Âî �ÂÎõ �¤ ý���®Âê 1935 ñ�¨ ¤¢ 9ö�¨ø�¢ ø 8üÜ�÷�¢ üðÄþø ßþ� ¼�®�� ý�Â� .À��þüõ Çû�î ß�ÿ�øÂ�ö� ���À� ³ � ó §�Þ � ¼Î¨ éÂÏ ø¢ � � �ûß� ÿ �øÂ � ø ´¨� ùÀª �µ¡�¨ ýÀ� ³ � ó ý� þ� ø¢ ¥� �Èè ö� ¤¢ �î.´ª�¢ ´�õ�Þä ñ�¨ À�� ý�Â� ñÀõ ßþ� .À÷�ùÀ�±Æ��þ� �¨ ¥� �Èè Àõ�üõ ÂÑ÷ �� .ÀªÉ¿Èõ ÂµÈ�� �Èè ������ ,ü÷øÂµØó� ü��Ø¨øÂØ�õ ¥� ù¢�Ôµ¨� �� �ûÀã�.´ª�¢ 3/5 nm ¢øÀ� üµõ�¿® ü÷��õ �þ� ø 2nm ¢øÀ� ´õ�¿® ��Àî Âû ,ü÷øÂ�� �þ� ø¢ .Àª�� ùÀª �µ¡�¨�¨À��ø ý�Èè ý�¤�¢ �¤ ñ�Ü¨ ,ýÀ��âÞ�×þ ¤¢ üÜ±ì ý�û��®Âê ø ��Àû�Èõ ßþ� §�¨� Â� 10ö�Æ�Â��¤�î Àõ� ´¨¢ �� ýÂþø�Ê� ´÷�¨¤���Üê ü��Ø¨øÂØ�õ ¥� ù¢�Ôµ¨� �� ø ü��Ø¨øÂØ�õ ´êÂÈ�� �� .¢Âî �ÂÎõ ý��þ�ýø¤ �î ýÂÚþ¢ ý�ûÇþ�õ¥� ø Âþø�Ê� ßþ� �� .¢�� ýÀ�³�ó ý�þ� ø¢ ö��õ ¤¢ �ûß�ÿ�øÂ� ýÂ�Úþ�� ¥� üî��¤�µ¡�¨ �î (1972)Àþ¢Âð ���¤� 13ö�ÆÜØ�÷ ø 12Â¹��¨ Í¨�� 11ñ��¨ ×�þ�¥�õ ñÀõ ,´êÂð ��¹÷� ñ�Ü¨ ý�Èè.(1-1 ÛØª)¢�� ñ�Ü¨ ý�Èè ¥� üÜõ�î �f±þÂÖ�
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Çþ�Þ÷ (C) ø (B) .ü÷øÂµØó� ü��Ø¨øÂØ�õ �� ùÀª �µêÂð Âþ�Ê� ×þ (A) : ñ�Ü¨ ý�Èè ¥� �Þ÷ �¨ (1-1ÛØª.℄1 [ �Èè ¥� ýÀã� �¨ ø ýÀã�ø¢ö���ä �� .´Æ�÷ ö�ÆØþ (ñ�Ü¨ ü÷øÂ�� Í�½õ)üó�Ü¨ ß�� âþ�õ �� üó�Ü¨ öø¤¢ âþ�õ ¤¢ ÓÜµ¿õ ý�ûö�þ Ýî�Â�.À÷¢�þ¥ üó�Ü¨ ß�� âþ�õ ¤¢ Cl− ø Na+ �î ü�¤�¬ ¤¢ ,´¨� Mg2+ ø K+ ¥� üþ��� Ýî�Â� ý�¤�¢ ñ�Ü¨ ,ñ�·õ�î ö�Æ÷� (�õÂì ý�ûñ�±Üð)  Â¨ ý�û�»þ�ð ý�Èè ¤¢ .´¨� ñ�Ü¨ ¼Î¨ ¤¢ �Èè ¢��ø Û�ó¢ �� é�µ¡� ßþ�¥� À¬¤¢ 8 14�ûÀ�¨�Üð ø À¬¤¢ 40 �ûÀ�³�ó ,À¬¤¢ 52 ¢øÀ� �ûß�ÿ�øÂ� ,Ý�¨��ªüõ ÂÚþ¢ ý�ûñ�Ü¨ ¥� Âµú�.À�û¢üõ Û�ØÈ� �¤ �Èè ×È¡ ö¥øÛ�ê üÔõ� ý�ûñ�Øó�õ 1.1.1�î À÷�ù¢�¢ «�Êµ¡� ¢�¡ �� �¤ ñ�Ü¨ ×þ ý�Èè ¤�µ¡�¨ ¥� À¬¤¢ 40 �f±þÂÖ� �ûÀ�³�ó ,Àª �µÔð �î �÷�Ú÷�Þû�î ´¨� ¥� � ÷ ¤�Ñ�õ ß�Þû ý�Â � .À � µÆû �ûÀ� ³ � ó ¥� ýÂÚ þ¢ á� ÷ ¥� � � Ö � ø 15À� ³ � ó�ÔÆê À¬¤¢ 50 ¢øÀ�ý�ûñ�Øó�õ ¥� ýÀ�³�ó�ÔÆê ý�ûñ�Øó�õ .À÷Â�ð ¤�Âì ü¨¤Â� ¢¤�õ ýÂµÈ�� ������ �� ýÀ�³�ó�ÔÆê ý�ûñ�Øó�õ:À÷�ùÀª �µ¡�¨ ü¨�¨� ´ÞÆì ø¢ ¥� Û�êüÔõ� ý�ûñ�Øó�õ .À�þ�üõ ¤�Þª �� 16Û�êüÔõ�18ü��Âîø¤À�û ýùÂ�¹÷¥ À�� �þ ×þ ¥� ÛØÈµõ ,17�þÂð�� ø À�Ü� ü±ÎìÂ�è ¤�µ¡�¨ : �¢ ´ÞÆì19´¨ø¢�� ø ü±Îì ¤�µ¡�¨ : Â¨ ´ÞÆì
Glucide 14

Phospholipid 15
Amphiphilic molecules 16

Hydrophobic 17
Hydrocarbon 18
Hydrophilic 193



ý�Â� .¢¤�¢ ö� üþ��Þ�ª ö�Þµ¡�¨ �� üÚµÆ� ,Àª�� �µª�¢ ý�þÂð�� �þ üµ¨ø¢�� ´�¬�¡ ñ�Øó�õ ×þ �î ßþ�üóø ¢¤�¢ ü±Îì ¤�µ¡�¨ ×þ ÂØª âì�ø ¤¢ .¢�ªüÞ÷ Û� ßèø¤ üóø ¢�ªüõ Û� �� ¤¢ ü÷�¨� �� ÂØª ñ�·õ¥� ýÂ¨ ×þ ¶ä�� ö¢�� ü±ÎìÂ�è ø ü±Îì«��¡ ßþ� .´¨� ü±ÎìÂ�è ø ü��Âîø¤À�û ýùÂ�¹÷¥ ×þ ßèø¤.¢Âî Ý�û��¡ ¶½� �ú÷� ¢¤�õ ¤¢ �¬�¡ �¤�¬ �� �õ�¢� ¤¢ �î ¢�ªüõ ÓÜµ¿õ ý�úó�Øó�õ ß�� �ûÀ÷����Èè üþ�ø�Â� 2.1.1,�ûö�þ ¢¤�õ ¤¢ .À�µÆû 20�ø�Â� ,À�îüõ �Ôþ� ñ�Ü¨ ���� ¤¢ �¤ ý�ùÀÞä ÇÖ÷ �î �� �� ´±Æ÷ �ûñ�Ü¨ ��Þ�¥� Â�âþÂ¨ �û¤øÂÜî ø (ÂÚþ¢ Â¬��ä �� ÂÜî °�îÂ�) �û¤øÂÜî ¥� Â�âþÂ¨ �û��Âµ�÷ .´¨� Â�çµõ �ú÷� £�Ô÷ �¤Àì¥� Â�âþÂ¨ ��õ� ßþ� ø ÝþÀ¨ ø Ý�¨�µ� ��õ� ¥� Â�âþÂ¨ ���÷�õ� ý�úØÞ÷ ,À��îüõ £�Ô÷ �û��ÔÆê �þ �û��Ôó�¨ý�Â� ,À�û¢üõ Çû�î �¤ ÂÚþ¢ ý�ûö�þ �� ñ�Ü¨ üþ�ø�Â� �ûö�þ ¥� ü¡Â� .À��îüõ £�Ô÷ Ý�ÆÜî ø Ýþ���õ ý�û×Þ÷.Àû¢üõ Çû�î ÝþÀ¨ ö�þ �� �¤ �ûñ�Ü¨ üþ�ø�Â� Ý�ÆÜî ý�ûö�þ ñ�·õ¢��ø ��÷ Ǒ��·µ¨� ýÂ¨ ×þ �µ±ó� .À��îüõ £�Ô÷ Âµú� �Èè ¥� ,À�ª��üõ ýÂµÞî üó�Øó�õ ö¥ø ý�¤�¢ �î ý¢��õ¥� Â �â þÂ¨ (ñ�õ Â � �Â ð 180 üó�Ø ó� õ ö¥ø � �) 21� î� Ü ð � î ´¨� ´¨¤¢ ,� ûÀ � ì ¢¤� õ ¤¢ ñ� · õ ý�Â � .¢¤�¢�� Â��Â� �f ±þÂÖ� ©�üó�Øó�õ ö¥ø �î 23ñ�µ�÷�õ �õ� ,À�îüõ £�Ô÷ (ñ�õ Â� �Âð 342 üó�Øó�õ ö¥ø ��) 22¥ ¤�î�¨.À�îüõ £�Ô÷ üµ¿¨ �� ,´¨� �î�ÜðÍ¨� � ,À ÷øÂ � ñ� Ü¨ öøÂ � � � þ öø¤¢ � � ´¨� ¥� � ÷ �î ýÀ� ì ¢�� õ ¥� ý¤� �Æ � ø �ûö� þ ñ�Ö µ ÷� , ñ� Ü¨ ×þ ¤¢¤�Â ì ýÀ�³ � ó ý�ûñ�Øó�õ ý���� ¤¢ �ûß�ÿ �øÂ � ßþ� .( 2-1 ÛØª) ¢Â�ðüõ �¤�¬ «�¡ ý�ûß�ÿ �øÂ �´ÑÜè ñÂµ�î ,À�û¢üõ ��¹÷� (ùÀ�û¢ ñ�Öµ÷� ý�ûß�ÿ�øÂ�) �û�»þ¤¢ ßþ� �î üþ�û¤�î ßþÂ�Ýúõ ¥� üØþ .À÷��µêÂð.((1.1) ñøÀ�) À�îüõ �Ôþ� �¤ üþ��¨ �� ÇÖ÷ ñ�Ü¨ ���� ¤¢ ´ÑÜè ßþ� .´¨� ñ�Ü¨ öø¤¢ ø öøÂ�� ý�ûö�þ
Permeable 20

Glucose 21
Sucrose 22

Mannitol 23
4



(mM) ñ�Ü¨ ü÷øÂ�� Í�½õ ¤¢ ´ÑÜè (mM) ñ�Ü¨ ü÷ø¤¢ Í�½õ ¤¢ ´ÑÜè ö�þ145 5− 15 Na+5 140 K+1− 2 0.5 Mg2+1− 2 10−4 Ca2+4× 10−5 7× 10−5 H+110 5− 15 Cl−üä�÷ ñ�Ü¨ ×þ öøÂ�� ø Û¡�¢ ¤¢ �ûö�þ ´ÑÜè : (1.1) ñøÀ�

ý�ûß�ÿ�øÂ� ü¡Â� ø ü��ÿ�ø Â� ý�û�»þ¤¢ ,ýÀ�³�ó �þ�ø¢ ¥� Ç¿� À�þ�Âê ÕþÂÏ ¥� ñ�ãêÂ�è ñ�Öµ÷� (2-1ÛØªÀ÷¤�¢ ¥��÷ ý�Â÷� �� ,¢��õ ùÀ�û¢ ñ�Öµ÷� ý�ûß�ÿ�øÂ� ñ�Ü¨ ý�Èè ¥� ñ�ãê ñ�Öµ÷� ¤¢ .¢Â�ðüõ �¤�¬ ùÀ�û¢ ñ�Öµ÷�.℄1 [ ¤ À÷���üõ �÷�Ú� ,ùÀ�û¢ ñ�Öµ÷� �û�»þ¤¢ öøÀ� ýÀ�³�ó ý�þ� ø¢ ý�Èè ¥� ñ�Öµ÷� �î ´¨� ßþ� ñ��¨ ñ��Û�êüÔõ� ý�ûñ�Øó�õ �Èè ¤¢ ¢���õ ý�ûÀ�³�ó .¢�¢ ¾¨�� Ç¨Â� ßþ� �� ö���üõ �Èè ¤�µ¡�¨ �� ������ ?Àû¢ý�ûñ�Øó�õ .À�û¢üõ ö�È÷ ¢�¡ ¥� ü�ø�Ôµõ ý�û¤�µê¤ ü±ÎìÂ�è ø ü±Îì ý�ûñ�Øó�õ ,�ûö�þ Û��Öõ ¤¢ ø À�µÆû�� ,24¤�� öøÀ� ü ±Îì ý�ûñ�Øó�õ Âð� ß��»Þû .À��îüõ ¤�±ä ýÀ�³�ó ý�þ�ø¢ ¥� ´ó�ú¨ �� ×��î ü±ÎìÂ�è
g/mol üó�õ ö¥ø)25 ñ�÷��� ñ�·õ ý�Â� .À��îüõ ¤�±ä ýÀ�³�ó ý�þ� ø¢ ¥� ´äÂ¨ �� À�ª�� ×��î üê�î ù¥�À÷�ý�Èè ¥� âþÂ¨ ø ´ó�ú¨ �� (60 g/mol üó�õ ö¥ø)26 ù¤ø� ø (44 g/mol üó�õ ö¥ø) ß�ÂîÀ�Æî�ý¢ ,(46

Uncharged polar molecule 24
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�� .À�îüõ ¤�±ä üÞî �fµ±Æ÷ ´äÂ¨ �� (92 g/mol üó�õ ö¥ø)27 ßþÂ�Æ�Üð .À��îüõ ¤�±ä ýÀ�³�ó ý�þ� ø¢�� .À�îüÞ÷ £�Ô÷ üä��Êõ ý�Èè ßþ� ¥� ��ø º�û �� (180 g/mol üó�õ ö¥ø) �î�Üð �î ´Ôð ö���üõ ��bÂ�ö¢�� ¤�¢¤��Â�è ø ×��î ÂÏ�¡�� üóø ,´¨� ö��þÂð ü��Âîø¤À�û ýùÂ�¹÷¥ ¥� �Ø�þ� �� (18 g/mol üó�õ ö¥ø),À�ª�� Ýû ×��î üÜ�¡ Âð� üµ� �ûö�þ .(A 3-1 ÛØª) ¢¤Áðüõ ýÀ�³�ó ý�Èè ¥� ´ó�ú¨ �� Çþ�ûñ�Øó�õ¤�� 109 �ûö�þ �� ´±Æ÷ ýÀ�³�ó ý�û�þ�ø¢ ¥� �� ýÂþÁ�£�Ô÷ .À��î ¤�±ä �Èè ü��Âîø¤À�û ´ÞÆì ¥� À�÷���üÞ÷.(B 3-1 ÛØª) ´¨� ÂµÈ��

×þ ¤�±ä ´äÂ¨ .(B) ýÂþÁ�£�Ô÷ °þÂ® ø (A) ü±Æ÷ ýÂþÁ�£�Ô÷ : üä��Êõ ý�Èè ýÂþÁ�£�Ô÷ (3-1ÛØª�ø�Ô� ßþ� ö¢Âî �Â® �� .´¨� °¨��µõ �Èè éÂÏø¢ ¤¢ ö� ´ÑÜè �ø�Ô� �� �fÞ�ÖµÆõ �þ�ø¢ Âä ¤¢ ñ�Ü½õ.Àþ�üõ ´¨¢ �� ¢¤Áðüõ ¼Î¨ À��ø ¥� ö�õ¥ À��ø ¤¢ �î üþ�ûñ�Øó�õ ¢�Àã� ýÂþÁ�£�Ô÷ °þÂ® ¤¢ (mol
cm3 ) ´ÑÜèù�Ú÷� 10−4 mol/cm3 (10−4/10−3L = 0.1M) Â��Â� trypyophan ñ�Øó�õ ´ÑÜè �ø�Ô� Âð� ñ�·õ ý�Â�6× 104 molecules/sec ü�ãþ 10−4 mol/cm3 × 10−7cm/s = 10−11 mol/s.cm2 :�� ´¨� Â��Â� ö�þÂ�.℄1 [ À�îüõ ¤�±ä �þ�ø¢ 1µm2 ¥�

Glycerol 276



ý�Þ¨� ¤�Èê 3.1.1ö�È÷ �¤ �� ÂØ÷�� ×þ ,(Óó�) 4-1 ÛØª .℄7[¢Âî ¼þÂÈ� ù¢�¨ Çþ�õ¥� ×þ �� ö���üõ �¤ 28ý�Þ¨� ¤�Èê� � ´±Æ÷ �î �Èè ×þ ö�µÆ� � ø¢ ß� � ¤¢ .´¨� ùÀª ¢øÀ½õ ¢�¥� ýùÀ÷�ç ó ö� µÆ� � ø¢ Í¨� � �î Àû¢üõù¢�� �� Âð� ñ�� .¢¤�¢ ¤�Âì ,´¨� (ÂþÁ��÷ £�Ô÷)29�ø�Â��÷ ÂØª ý�ûñ�Øó�õ �� ´±Æ÷ üóø �ø�Â� �� ý�ûñ�Øó�õý¥�õÂõ ýøÂ�÷ ×þ ÂØª ý�ûñ�Øó�õ ´ÑÜè Çþ��ê� �� ,Ý�û¢ Ç¿� ù¥��� ´¨�¤ ´Þ¨ ¤¢ ùÀª �µª�±÷� ÂØªý�Þ¨� ö�þÂ� À�þ�Âê ßþ� .À��þüõ ö�þÂ� �Èè ´¨�¤ ´Þ¨ �� �� ü�ãþ ,Àû¢üõ Ûû ´¨�¤ ´Þ¨ �� �¤ �ûö�µÆ��,´¨�¤ ´Þ¨ �� �� öÀª ý¤�� �� .¢Âî ����� ×�õ��þ¢�õÂ� �ø¢ ö�÷�ì �� ö���üõ �¤ À�þ�Âê ßþ� .¢�ªüõ ùÀ�õ�÷.À�îüõ �À�� Çþ��ê� üÞÑ÷ü� üØ�õ��þ¢�õÂ� ö��� �� �þ ¢�ªüõ Â�¢�þ¥ ,À��îüõ ñ�çª� ÂØª ý�ûñ�Øó�õ �î üþ�Ìê�ø¢ ö�÷�ì) ¢ø¤üõ Ç�� üÞÑ÷ü� Çþ��ê� ´ú� ¤¢ ý¢�¿�¢�¡ À�þ�Âê �µÆ� ý�ûÝµÆ�¨ ¤¢ �î ö��� ßþ� �� ßþ� øö¥ø ø ( � 4-1 ÛØª)¢�ª �µÆ� ü³� ´Þ¨ ö�µÆ�� �� ß�Ú�¨ �÷¥ø ×þ Âð� ñ�� .´¨� ¤�ð¥�¨ (×�õ��þ¢�õÂ�´îÂ� ßþ� ,ÀÈØ� ²� ´Þ¨ �� �¤ �ûö�µÆ�� ø ù¢Âî �±Üè ý�Þ¨� ö�þÂ� ¥� Û¬�� ýøÂ�÷ �� �î Àª�� ¤ÀÖ÷� ö�ý�Þ¨� ö�þÂ� ö� �� ø ¢¤�¢ ¢Â�¤�î �� ��ÔÊ� ý�Â� ´ã�¬ ¤¢ À�þ�Âê ßþ� .À��þüõ �õ�¢� ñ¢�ã� �ÎÖ÷ �� üØ�÷�Øõ�î ¢¤�¢üõ ö��� 30é�û ´÷�ø ö�÷�ì .Àþ�üõ ¢¤�ø �Èè ýø¤ ý�Þ¨� ¤�Èê ñ¢�ã� �ÎÖ÷ ¤¢ .À�þ�ðüõ §�Øãõ,´ª�¢ Àû��¡ ý¥�ð ´ó�� �� ùÀ÷�ª Û� ÝÆ� ¥� ¤�ÀÖõ ö�Þû �î ´¨� ý¤�Èê �� Â��Â� ñ�Ü½õ ×þ ý�Þ¨� ¤�Èê:À�î ñ�çª� �¤ ñ�Ü½õ Ý¹� ñ¢�ãõ üÞ¹� �Ø÷� Â� ¯øÂÈõ
p = ckBT (1.1)Í�½õ ý�õ¢ ¤¢ .´¨� ßõ�µó�� ´��� kB ø �õ¢ T ,ùÀ÷�ª Û� ý�ûñ�Øó�õ 31ý¢Àä üó�Ú� c = N

V �Î��¤ ßþ� ¤¢.´¨� kBT ≃ 4× 10−21 JÓþÂã� Õ±Ï ý�Þ¨� ´ÑÜè ßþ�Â��� � ,¢¤�¢ ñ�Ü½õ ¤¢ ùÀ÷�ª Û� ýù¢�õ ��¤£ ¢�Àã� �� üÚµÆ� �� ´ÑÜè
Osmotic pressure 28

Impermeable 29
Van’t Hoff 30

Number density 317



: ¥� ´Æ�¤�±äü÷�þ Â�è ý�ûñ�Øó�õ ¥� ¤��õ ×þ = ñ�Þ¨� ×þ��ãÏ ×Þ÷ ¥� ¤��õ ×þ ø ´¨� Âµ�ó Âû ¤¢ 32ñ�Þ¨� ×þ ´ÑÜè ý�¤�¢ �î�Üð ñ�Ü½õ ¥� ¤��õ ×þ ñ�·õ ý�Â�
M ö� ¤¢ �î ¢ø¤üõ ¤�Ø� p = MRT �¤�¬�� (1.1)�ó¢�ãõ �fÂ·î� .´¨� Âµ�ó Âû ¤¢ ñ�Þ¨� ø¢ ´ÑÜè ý�¤�¢.´¨� �õ¢ T ø �û¥�ð ü÷�ú� ´��� R = 0.0821 lit.atm/mol.K ,33�µþ¤��õ

�ø�Â� �Þ�÷ ý�Èè ¥� �� ý�ûñ�Øó�õ ,Àª�±÷ ß�Ú�¨ �÷¥ø �Ø�õ�Ú�û ,ý�Þ¨� ö�þÂ�(a : ý�Þ¨�¤�Èê (4-1ÛØª´¨�¤ ´Þ¨ �� �ûö�µÆ�� �¤�¬ ßþ� ¤¢.À��îüõ ¤�±ä ´¨�¤ ´Þ¨ �� ´¨� �µêÂð ¤�Âì �ûö�µÆ�� Í¨ø ¤¢ �îß�Ú�¨ �÷¥ø Âð� ,§�Øãõ �Þ¨�(b .¢�ªüõ ¢�þ¥ À÷¤�¢ ¤�Âì ÂØª ý�ûñ�Øó�õ �î üµÞÆì Ý¹� ø À��îüõ ´îÂ�Çþ��ê� ´¨�¤ �Þ�÷ ¤¢ ÂØª ý�ûñ�Øó�õ ´ÑÜè �¤�¬ ßþ� ¤¢ .À�Èî Àû��¡ ²� ´Þ¨ �� �¤ �ûö�µÆ�� ,Àª��.℄7 [ À�îüõ �õÂð À�ó�� ø �µê�þ
Osmol 32

Molarity 338


