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Possible values Gibbs Free Energy per mole of
system with fixed average composition X taken as
an integral over the entire volume.

X
[moles of B/(total moles A+B)]
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Ì��aÂ=Â=��Â���Â³É8Ì�Æ�È^Íµ��ÎnÉ;Ã=��Æ�Î1Æ�ÇxÀ¯Ád�7�2È/Æ
ÄµÅµÎUÉfÈM��Ì�Â¯É�ÎdÄÐÏ´��Îd�7Ã=��ÌaÂaÑ/ÏS�\�Î@�)Ã=��Ì�ÂS�2�7Ê\���aÂ³Æ�ÎbÃ2Á@�)�2ÈÒÆ
Ä5ÅµÎUÉfÈ>��ÌaÂ¯É�Â¹É>�A����Æ��2Æ��@Â¯Ç:Æ��dÎ@ÄUÉ�Ã=��Æ�ÎQÑ�ÏS��Î@�)ÃA�ÓÌ�Â���Â»Ê��aÂ=Â»�=����Æ��2Æ��@Â»ÉfÎ@Ä1È/Æ��2�É�ËdËµ�2Æ�Ô5��È8É;Ã2�fÕ5Íd�µÃDÖ@Ë_�7�2ÁnÉ�ËdÂSÉfË@Ë5Ê\��Ì�ÉfÍµÊ���Ã2Æ>È/Æ��2�´�2�DÉ;ÊHÂZÅµÂZÃ2�aÈÒÂaÑ×KÉ�Ã2�7�=�+É�Ê�Â»ØI�2Æ
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�µ�\Ê\��Í5��=���@È�ÂZÃ7É�Ã2��ÂYÆ��¯ã
�UÉfÂZ��ÂZÃaÉ�Ã=��Ì»Ë5�2Æ5Ìa�aÂAÂ=�aÂ ä ËdËµ�2Æ�Ô5��È8É;Ã2�'ÂZÃaÉ�Ã2��È/�aÎ�Ã)Â¯Æf�»È/Æ
Ä@�7ÊÓÂÇ:Æ��´ÌaÆ�È/ËµÊ��2Ôâ�7Ú�Æ�Ê\Ú
��Îd�ÒÂZÅµÂZÃ2��È/ÂØvÆDÜc�)�AÇ:�µÊ¯ÌaÆ�Î@Ìa�aËµÃ2Â>ÉfÎ@ÄàÇJÆ��@Î@ÄnÉ;Ã=��Æ�Î�ÖÍ@�5ÃcÊ\��ÈM�\Ã2�aÄÛÃ2Æ^��Äd��É�ÊHÂZÅµÂZÃ2��È/Â ä ËdËµ�2Æ�Ô5��È8É;Ã2�^Íd�µÃ³Ëµ�2�aÄµ��Ì)�\Ã=�\Ú­�MÂ~Ã7É�Ã2�7�È/��Î�Ã2ÂYÇ:Æ��¹ÉMÜ¯��Äd�¹�7ÉfÎ@����ÆfÇ Ë@Á@�aÎ@Æ�È>��aÎUÉf�
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Gibbs Free Energy per mole of  equilibrium
    system with fixed uniform composition X

α−phase
β−phase

range of possible
values at fixed X

Limiting (equilibrium)
value at fixed X

X
[moles of B/(total moles A+B)]
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Gibbs Free Energy per mole of  equilibrium
    system with fixed average composition X

X
[moles of B/(total moles A+B)]

G—
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/(
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)]

X1

X2

  range of possible isolated
equilibrium values at fixed X

xG
—α(X1) +  (1−x)G

—β(X2) 

�������5�)�à�7�$ü­�þý ª'¥7±; Û¥`ÿ ¨�ºf°�¢\®; �£8¨µ¤b¥7±; Ð«  )ª+¥Û¢� f¡�¢� a£~ f¤D¥Ò¥)±; Ð« ¨Dÿ  a£T¥Û¡�¨�£Z£2§V¬�«  Û®�¦�«O°; �£M¨�ª�¦�¤¦�¡�¡�¢�¨5¡�¢J§k¦�¥~ '¥7±; f¢`²�¨
½�¸�¤�¦�²¹§¶º'ªT°­¤;º7¥2§©¨µ¤³ª$°�¤;º7¥2§¶¨5¤�¥)±�¦D¥»§¶£�²¹§V¤�§z²³§©¼a �½8¦D¥c a¾d°�§z«k§V¬f¢J§V°�² � £7°;º�±>¦�£�������
	�� ¦�¥F¦�
��f �½�®�¦�«z°; ¯¨�ª ����	�� ¦�¤;½>§ ª� D¦;º�± ¡­±�¦;£Z ¯º�¨5¤;£$¥)¢+¦�§z¤f a½³¥~¨/±�¦D®; ´¦-±;¨5²�¨�·� f¤; �¨5°f£º�¨5²³¡�¨�£2§ ¥)§©¨µ¤�� � ¥)±f f¤K¥)±f a£Z 1º�°�¢\®; �£Û¦f¢� ������������! #"# %$'&( )�+*-,/.0")�+�/132�45������.76�6�&�286�&� %.��9�:4;&�����7<���&>=+?/¦;£¯¦³ªT°�¤fº)¥)§©¨µ¤³¨�ª@� � § ¿¶ �¿ � �������
	�� � �A� ¿
BJÇ Ã2Á@�³Ì�Æ�Î@ÂZÃ=�7É;��Î�Ã�Ã2ÁUÉ�Ã´Ã)Ád�³ÂZÅdÂZÃ2�aÈ ÁUÉfÂ¹É/Á@Æ�ÈÒÆ����aÎ@�aÆ��dÂ¯Ì�Æ�ÈÒË_Æ�ÂZ�\Ã=��Æ�Îß��Â»�2�aÈÒÆ�Ú­�aÄ�ÖUÃ2Ád��Îß�\ÇxÉ�Î�ÅÌ�Æ�È^Í5��ÎUÉ�ÃA��Æ�Î>ÆfÇ�Ì�Æ�ÈÒË_Æ�ÂZ�\Ã=��Æ�ÎdÂC�ED;F Ä5��ÂZÃ=�A�ÓÍ@�µÃ2�aÄÒÉfÈÒÆ�Î@�³É;Ê\Ê_Ë_Æ�Â=ÂZ��Í5Ê��SËdÁUÉfÂ=��Â ��Î/Â=�@ÌAÁâÉ�ÜSÉaÅ Ã2ÁUÉ;Ã Ã2Ád�ÉaÚ­�)�7É����^ÌaÆ�È/Ë_Æ�ÂZ�\Ã=��Æ�Î ��ÂG�3HIF ÁnÉ�Â'É/Ê�ÆDÜc�)�¹Ç��2��� ��Î@�)�2��ÅbÃ2ÁUÉfÎ ÉfÎ�Å ÁdÆ�È/Æ�����Îd��Æ��@Â´ÂZÅµÂZÃ2�aÈ ÖnÃ2Á@�aÎKÃ2Ád���ã
�5�\Ê\��Íµ�=���dÈ�Ç��2���'��Îd�7�2�fÅâÌa�µ�=Ú��»��ÂYÃ2Á@��Ì�Æ�Î�Ú­�2ÔßÁ
�µÊ\Ê�Ç��2Æ�È ÍQ�)Ê�ÆDÜÝÆ�Ç É;Ê\Ê�Ã)Ád�»ÁdÆ�È/Æ�����ÎdÆ��@Â Ç+�2�a�¹�aÎ@�)�2��ÅÌ��5�=Ú­�aÂ � �`Ñk�fÑ\ÖHÃ2Á@� Â~�ÓÎ@��Ê��)��Ë@ÁnÉ�Â=�^ÌaÆ�È/Ë_Æ�ÂZ�\Ã=��Æ�Î@Â´ÆfÇõÃ2Á@� Á@Æ�È/Æ����aÎ@�aÆ��@ÂSÈÒÆfÊ+É;��Ç+�2�a�^��Îd�7�2�fÅ Ìa�µ�=Ú���Â�ËµÊ��@ÂÃ2Á@��Ì�Æ�ÈÒÈ/Æ�Î/Ã7ÉfÎ@����Î�Ã � ÑÀ¯Ád�-Ú�É;Ê��d��Â'Æ�ÇKJOÌ�Æ�È/ËUÉ��A��Â=Æ�ÎMLnÇ+�2�a�>�aÎ@�)�2�����aÂ³Æ�ÇxÂZÅµÂZÃ2��È/Â»ÌaÆ�ÎdÂZÃ=�2�@Ì7Ã2�aÄ1Ç��)Æ�È Ê\��Îd��É���ÌaÆ�È^Í5��ÎUÉ�Ã=��Æ�ÎdÂÆ�ÇõÁdÆ�È/Æ�����Îd��Æ��@Â´�aã
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º�c'»¼ � »½!¾ x � º�c�»¼ x �À¿ ºgÁV»½ÃÂÂÂÂ�Ä ibÅ�Æ
¾ �ÈÇ�Ç7Ç c . Ä � x

�1�Mf�j�oVg�|yv�o�|)v�oVf)�`wMgBiyv�|}f³��§Jh}��v"oM�`f>�"§§º1~1ju|}��i}f)g��lf)hy|1|}� ¾ j�g5|}�Vf�i}fy§��"i}f�â
� º� ¾ �É¿ º�Á ½ c . Ä � x

�1�Mf �"iyv�mNj�f)o�|1j�g1�-v�iyv�sus�f�s¿|}��|}�Vf{mNjui}f)hy|�j���oF��§¢g�|}f)f\�
f)g�|>v�g�h\f)o�|W�
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fÃ��f\oVf�iyv�s�j�É\f)mqf� ¡f)o£§�wNi�|}�Vf�i:k�r©h)�`oMg�j�mVf�i�j�oV��v�|�j���f�Ä,mVf)�
f\oMmVf)o�|³ã�fys�mËº�c�»¼ X ¾ x´�¿|}�Mf
j�oMg�|yv"o�|yv"oMf\��wVgAiyv�|}f ��§�h}�-v�oV�`f>�"§�º1~1ju|}�� ¡f�s��thyju|3rÌ»º�c�»¼ x¢j�g

� º� ¾ �É¿ º�Á ½ �ÎÍ º
Í ¾ c . Ä � x

O È ��o�|´j�o�wMwV� z
j��Hju|}g5Ï�v�|}wNi}f�j�g §�wVoVm�v"��f)o�|)v�susur�m�j�g�hyi}f�|}f"�¿�M�W~ j�g>|}�-v�| ~DfSh�v�onmNj�g�h)wVg�g |}��j�oV��g
suju��f:mVf�i�ju `v�|}f)gÑÐ

dx
dy

dz
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ºD¦D¥Z �½/¦D¥EZ[ ¿

c

∆V
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º�c'»¼ x � suj�� Æ���� o
�����
	 c�»¼ x�c 
 c@»¼ g � »¼�� �ÈÇ�Ç7Ç�� »¼�
 x � �
 �

c . Ä � x

ξ(x)

x=0

�¿j���wNi}f . Ä � â§�Ô´' G¨{²�£�ª/¤/¦��b£ 	 c'»¼ x�¡! '�>¨9����±K¢ ¥5�� �¦¬¶¹´8¤� 7®�¢A¥�±5¡�«#¦%£�¶à�0¨�¡!�¹¦%£�¤
¢�£' �¥'� »¼ � o ·

�as�w��Mf)gYzlfy| »Æ�� k
fÃv�oÖ�"i�j�f)o�|�f)mn�-v�|}h}�n�"§5v�i}fWvt� »Æ�� ���� Æ�� � c ��� X ��� X ��� x}��¥¨§����� j�g>|}�Vf�iyv�|}f�v�|
~���j�h}�! #"-�\~{g5|}��i���wV���·v�wMoNju|�v�i}fWvt�Vju|1§��"sus��\~{g5|}��v�|
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A
→

J
→

�aj���wNi}f . Ä � â§��´' %$� 7ª/¤
��� »Æ�� ·

���� c »Æ�� x'&)( »Æ�� ( c . Ä Ê x
�1�Mf �Ni}���l��i�|�j��`o�v�suju|3r�§�v"h�|}�"i��SwVg�|Dk
f:v¤ �f\h�|}�"i1ã-f�s�m�â

��*� c »Æ�� x � »+,� »Æ�� c . Ä ÿ x
�1��j�gDmMfyã�oVf)gD|}�Mf s��thWv�s-"-w��¦v�gD|}�Mf³h)�`o�|�j�otwMwV�7suj��Hju|��"§3â

�� � c »Æ�� x
Æ��

� »+,� c�»¼ x©Á �� c . Ä . o x
. h)h\wM��wNs�v�|�j��`o¸�1�Mf�iyv�|}f�v�|�~{��j�h}�/ ¤v"h)h)wV��w�s'v�|}f)gÃj�o¶vÖ ¡��s�wV��f Æ�� � � ¼ �10
�32 c�~1ju|}�Ë�`w�|�~�v�i}md��i�j�f)o¡|}f)m

oM�"i}��v�s�gyxJmVwNi�j�oM�¤|�j���f j�o�|}f�i� `v�s Æ ¾ j�g)â
Æ ��� � c4 õ�as��W~1j�oM�Ãj�oÖx-5 c6 õ�as��W~1j�oV�H�`w�|:x � cT%�v�|}f³��§87¼i}��mMwVh�|�j��`o·��§9 �x c . Ä .`. x


 � ��� 5 »+ c ¼ ��� ¼�: � X o X o xèÁ � �10
�32 Æ ¾ �»+ c ¼ 5 � ¼-: � X o X o xèÁ � �;0
�<2 Æ ¾ 5Ç�Ç�ÇD�Ç�Ç�ÇD�
»+ c o X o X 2 5 �32 : � xCÁ ��µ� ¼ �10 Æ ¾� �= � c�»¼ x Æ ¾ Æ��

c . Ä .�� x
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Í ¾

� 5 ¿ Á »+ � �=1? c . Ä . #�x
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��*� � 5 �CBED ����F »+,� Á »� � � � ��� �= � � �� 5 � BED ����F »+,� Á �� � � � � �G� �= � � �� � ��� cH5 ¿ Á »+ �U� �= � x � �
c . Ä .�� x
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