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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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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)]
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X1

X2

  range of possible isolated
equilibrium values at fixed X

xG
—α(X1) +  (1−x)G

—β(X2) 
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�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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�5�\Ê\��Íµ�=���@ÈßÑ
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�����7Ê�ÄdÂ äYX �)Ê�ÄKÉfÂAÂ=Æ
Ì)�+É;Ã2�aÂ»É^ËdÁ�ÅµÂZ��Ì�É�Ê�ã
�UÉfÎ�Ã=�\Ã$Å8Ü¯�\Ã2Á ÉMË_Æ�ÂZ�\Ã=��Æ�ÎQÖSZ[]\ � [ �A^_�/`�� É;Ã»É Ã=��ÈÒ�fÖba)Ñdc äeX �)Ê�ÄÈ8ÉaÅâÉ�Ê�Â=Æ^Í_�»É³Ç:�@ÎdÌ7Ã=��Æ�ÎÛÆ�Ç�ÃA�ÓÈÒ�f�gf � Z[ � a � Ü´Á@�)�2��fâ��ÂFÃ2Á@�»ËdÁ�ÅdÂZ��ÌDÉ;Ê�ã
�nÉ�Î�Ã=�\Ã$ÅMÃ2ÁUÉ�ÃxÄ@�aË_��ÎdÄ@ÂxÆ�Î

hAi@j�k0lImGn>oPp l/p%qSrsEt n svu(w8u(x�y qzl{j�|/p y~} m�� }�� l{mK��o%��lI�0��o } �0�N��n>o;p�l/p%qSr�]t n ��u9�0y q�lIj�|/p y | }�} m���od�0�vj�l�������j�l���� � od������ll��S��� } �7l�� � k0l{���v����m } ��m�o#�Nj�l/p
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�¿j��`wNi}f . Ä$#tâ��������P 0¡'�P 7¢� 0£�¤v¥7¤/¦��b£�¢§�'¨©¥�¢�ª�¥�«¬¥0�_b 0« ®�¦%£K¤��¯�'°�®b¦)±K '£'¢N¦��b£�¢S¥'�P �¦)«#«#²'¢{¤/��¥7¤
 �®³¦)£K¤/´' «� /¨µ¤�¥�£�®]±�¦�®�®_«  Kb¶b²��P �¢7·
Ê¼ ¡f�i´rng�w¹¸�h�j�f\o�|�surng�������|}�Ög�h�v�s'v�i¤ã�fys�m£��v"g¤v·o�v�|}w�iyv�s� ¡f)hy|}��i:ã-fys�mqv"g�g��th�j'v�|}f)mn~1ju|}�nju|Wâ³|}�Mf
��iyv"m�j�f\o�|5ã-f�s�m��
È ��oVg�j�mVf�i�v�g�|yv�|�j���o-v�i�r�g�hWv�s'v�i1ã-f�s�m�º�c�»¼ xAg�wVh}�²v"g5|}�Vf ��oVf{jusus�wMg�|�iyv�|}f\m·j�oK�aj��`w�i}f � Ä . �

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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�1��j�g�hWv"o©kfÃ��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� zj��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
Species i

�H�Ó���µ�2�/�)��Òµ�¯ýV¤8_¤�§ ¥~ a£)§z²»¦�«�®;¨5«z°�²´ »ÿ¯§ ¥)±�½µ§V²´ f¤f£2§©¨µ¤;£ÔÓ [ � Ó ^V� ¦�¤;½3Ó ` «©¨
ºD¦D¥Z �½/¦D¥EZ[ ¿

c

∆V

Õ�Ö;×!ØbÙNÚ�Û/ÜIÝ�ÞàßMá'â+ã7ä�å�æ�çèæ'é�êÑâ�áàë�æbì�ë7á'ì�êÑçµã�êNå¬æ¹ì�ã�êKã3í!æ¹å%ì�êGî8ï{ðòñ�ï�óôöõAõ ã8÷ÔêÑâ�á5ä�æbø#ù�úKáà÷/â�ç9å)ì�û7÷ê
æ�ü§ã'çPý�÷gêÑâ�á�í!æ¹å%ì�êEóô�þ
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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�� kfÃv�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�|Dkf: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 º
Í ¾

� 5 ¿ Á »+ � �=1? c . Ä . #�x
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Ï1��|}f |}��v�|�Ê�Ï�� � Ä . o h)�`w�s�mF��v) ¡f:kf\f)o·mVf�i�ju ¡f)mFm�jui}f\h�|�sur·§�i����¦â

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

~��Mfyi}fJI{c ÆK� xJj�g1|}�Vf{�"i�j�f)o�|}f\m¦g´w�i�§$v�h\f:v�i}��wVoMm ÆK� v�oVm·|}�Mf


