
����� �����
	�� 
���������������
������ �

 

�!� �#"%$ $�&'� ()&+*+,�-.��&/
10

243658797/:<;>=@?BAC36DE7/:<FHG�=IFKJL36D/5%=�MN:<MPO
Q�R S/S

TVUXW�Y
W[Z]\<^`_�abY
W]cdZ]e+fEW[U g4\�hiW)_djlkman_dj6o@pqp

rts

j�_]uL\!hvjwc]\�WP_[axcvy[c�jl\�zX{[|dU�c[j�y[c�jl\�zX{[U W}_�abjwc~g•z€|i^`•ƒ‚Ha�j�_„Y…^�|8y†W�j�^�c]\!|djwc]\<W)gv^<_EU‡|]\�zX_EZ

r‰ˆ

h�WŠy[c[jl\‹z�{�U W!e.^‹z�Œ1W•gEzX^�\�j'z•Žd|]\�zX_EZPa�|dZi{!\‹z�_„Z‘•q’+“~”�•‹–ƒc†Z�g—z \�^˜ci^<^�_%{iz™c)\�W1g4{1_EZ]\�z€Zd|dz \+kNW1š•|›c)\�zX_EZ

r•œ

W!k—j�W1^!|dU \•ž‹Ÿ� �¡x¢%\<W~c~g†k]e.^�\�c)\�WŠž�Zi_dj+Y•cdU™z�Œ1W1g• by›c�jl\‹z�{�UXW�e.^‹z�Œ1W•gEzX^�\�j'z•Žd|]\�zX_EZPa�|dZi{!\‹z�_„Z

r•œ

W!k—j�W1^!|dU \•ž�£8 �¡¥¤d|dZ�{�\�zX_EZ[cdUdgdW[y†W�Zig8W�Zi{)W¦_[a@Y
W~cdZvy[c�jl\�zX{[U W}^‹zXŒ)WŠ§¨•ª©ª_„Z}\‹z•Y
W

pK_„Y¦y8U™zX{~c)\�zX_EZi^b_�abj�W]cdU%^�ki^�\�W�Y
^

r•«

_EZiŒ1W[j�_Š¬�_„U€|dY
WPa�jwc~{!\‹z�_„Z8­Ky[c�jl\�zX{�UXW‹®Vy[c�jl\�zX{[U WNz€Z]\�W�jwci{!\‹z�_„Zi^

r

p¯_EhiW�j�W[Zi{!k°^�\�j�W)^<^�W1^

r‰±

ydydU‡zXW1g°^�\�j�W)^<^<W)^

T†²8y†W[j'z€Y
W[Z]\�c†U„^�\!|ig›km_[a�{)_dc[j�^<W�Zdz€Zi³´z€ZŠ^<W�Y}z e.^<_EU™zXgCµHŽ)®„¢¶Z°cdU‡UX_]ki^
ž‹·�c�j�g†k°cdZig‘¸¹_%_dj+hiW)W1^¦Ÿ~º›»†»

¼
J`½•3H¾¦?¿AÁÀÂ365%=

¼
DE36M}58Ã)JbD•;>3x7/:<JbMP5¶?ÅÄ9Æ6=�DEÆ•:�=ÈÇ

ÉmW!\�ci^�\�c†Ždz€U‡z \+k�Ê¶z€Zi^�\�cdŽ†z•U™z \+k!Ê/cdZigËY
W1{[h[cdZ†zX^!Y
^

¤„z€j�^�\�e._dj�gdW[jxcdZig4^<W){1_EZig›e._dj�gdW[jq\!jwcdZi^‹z \‹z�_„Z�^

¤dj�W)WmW�ZiW[j�³�kma�|dZi{!\‹z�_„Zi^!­/{1_EZi^<W[jl¬iW1gCcdZigËZi_EZi{1_EZi^�W�jl¬iW)gv¬[c�j'zÌcdŽ8U W1^

¢¶y†z€Z�_%g%cdU†gdW1{)_„Y¦y†_†^‹z \‹zX_EZ)ÍÏÎlÐ
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r

o6z Ó�|i^‹z�_„Z}u`z \�hdz€Z}\�h�WP^�ydz€Zi_%g„c†U

Ô

Q�ÕƒÖØ×˜Ù¦D�:<M}OÚÕ6ÛbÛ˜Ö@?Ü2‘=¹F¶7EÝPDE=ÞÕbß

AÁÀ•3658= ¼ D„36M}5%Ã1JbD•;>3x7/:<JbMP5¶?ÁÄ‰Æ6=¹D„Æ•:�=qÇ

ÉmW!\�ci^�\�cdŽ†z€U‡z \+k!Ê�z€Zi^�\�cdŽ†z•U™z \+k�Ê/cdZigËY
W){�h[cdZ†z�^�Y
^

±

ydh[ci^<W�\!jwcdZi^�a'_dj+Y•c]\‹z�_„Zb{]cdZ6_%{){�|8j›u
hiW[ZƒcL^�ki^�\�W�Y¨h[ci^Hc†Zbci{){1W)^<^‹z•ŽdU Wx^�\�c]\<W¹_�a¶UX_]uxW�j†a�j�W)W6W�ZiW[j�³�k)Ð

ˆ

hiW

à¦á)â1ã8ä�å8æ�ç�à

_�a¶\!hiW˜\!jwcdZi^�a'_dj+Y•c]\‹z�_„ZNzX^x{[j'z \�zX{~c†U€U k
g8W�y†W�Z�gdW�Z~\x_„Z
u
hiW!\�h�W�j�\�hiW`^�\�c[jl\‹z•Zi³¦^�\�c]\<W•z�^¥Y
W!\�ci^�\�c†Ž8U W

_dj6|dZ�^�\�cdŽdUXW›Ð

±

Zéè

å[ç1ê+ä[ëdì‡á

^�ki^�\�W�Yí{]cdZC\�jwcdZi^�a'_dj+YîŽ!kÁY•cdïiz•Zi³¿{[h[cdZi³›W)^m\�h[c]\°c[j�W

ç‹à¦ä[ì‡ìxæ‡åÁðdá�ñ•ò+á)á#ë

è

êPì‡ä~òlñ•áËæ‡å

á<ó•ê'á)åEê

Ð¥¢¶|i{[hm^‹z \�|›c)\�zX_EZi^
U W]cig‘\�_#YÂW1{�h›c†ZdzX^�YÂ^¥\�h›c)\ƒc�j�WN{]cdU‡UXW1g

â)ô›å•ê'æ€å

è

ô

è

çPê+ò+ä[å[ç�õ�ôiò+à¦ä8ê'æ€ô›å[ç

Ð

ˆ

hiW°Y•c†z€Z

{~c)\�W1³†_dj'zXW)^¦_�aƒ{1_EZ]\�z€Zd|�_„|�^Â\!jwc†Z�^�an_dj+YPc)\�zX_EZi^Šz€ZCY•c]\<W[j'zÌcdU ^Nc�j�W

ç�ö•æ‡å8ô%ðdä[ì�ð8á1â)ô›à
ö¶ô�ç�ælê+æ‡ô†å

cdZig

â1ô†åEê'æ€å

è

ô

è

ç

ôiò+ðdá)ò+æ‡å~ñ

Ð

±÷à¦á�ê'ä~ç1ê+ä�ë8ì‡á

^�ki^�\�W�Yø{~c†Z´\�jwcdZi^�an_dj+YùŽ!kBY•cdïiz•Zi³C{�h›c†Z�³›W1^}\�h›c)\Nc�j�W

ì‡ä]òlñ/ávæ‡åÜðdá<ñ/ò+á1á—ë

è

êbç�à¦ä[ì‡ìÈæ‡å

á<ó•ê'á)åEê

Ðm¢¶|i{�h4^�z \�|›c)\�zX_EZi^Pj�W)š•|†z•j�W

å

è

â)ì‡á1ä8ê+æ‡ô†å

_[a6\�hiWvZ�W�uØy8h[ci^<W›Ð

±

a�\�W�jƒZd|i{[U W~c)\�zX_EZm\�cdï‹W)^Ny8U�ci{1W[ÊHc´Z�W�u

y[c[jl\‹z�{�U Wb{]cdZƒ³„j�_]ut|dZ~\‹z•U~z \HWiz \�h�W�j¯z€YNy†z€Zi³†W1^Ku`z \!h`c†Z�_�\!hiW�j¯y[c�jl\�zX{�UXW�Ê†_djE^!|dy†W�j�^�c]\!|djwc]\‹z�_„Z`_�a/\�h�W@^!|dj+j�_„|8ZigEz•Zi³

Y•c]\�W�j'z™c†U•zX^ƒgdW�y8U W�\�W1g�Ð

¤„z€j�^�\�e._dj�gdW[jxcdZig4^<W){1_EZig›e._dj�g8W�jÈ\�jwcdZi^�z \‹z�_„Z�^

TVhdj�W[Z]anW)^�\•y[j�_„y†_›^�W1gúcN|i^�W�a�|dU8^<{�h�W�Y
W
an_dj�{�U�ci^�^‹z fE{~c)\�zX_EZ}_�axydh›ci^<W˜\�jwcdZi^�an_dj+Y•c]\�zX_EZi^˜Ž[ci^<W1g4_EZPg•zX^<{)_„Z~e

\�z€Zd|dz \�zXW1^Pz€Z°gdW[j'z ¬[c]\�z ¬iW)^
_�ax\!hiW¦a�j�W)W°W�ZiW[j�³�k4a�|8Zi{�\�zX_EZúû÷\�h›c)\•c[j�Wm{�h[c[jwc~{!\<W[j'zX^�\�zX{m_[ax\�h�W¦\�jwcdZi^�an_dj+Y•c]\�zX_EZ%Ð

¢�z€Y¦y8U kByd|~\�Ê¹\�h�W

ôiò+ðdá1ò

_dj`cÜydh›ci^<Wv\!jwc†Z�^�an_dj+YPc)\�zX_EZüzX^¦\!hiWýU _]uLW1^�\Š_dj�gdW�j`_�a˜\!hiW—g8W�j'z ¬›c)\�z ¬�W—_�a•ûþ\!h[c]\

^!hi_]ub^
c¦gEzX^�{1_EZ]\�z€Zd|†z \+k1Ð

T†²›cdY¦ydUXW1^)¡¥Y
W�U \‹z•Zi³„­/_dj�g8W�j'z€Z�³—z•Z}ÿ Ž�jwci^�^
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�8��;‹��<

o�W){1_EY¦y†_›^‹z \‹z�_„Z}j�W1š•|dz€j�W)^LU _EZi³[e�jwcdZi³
gEz Ó¹|i^‹z�_„Z%ÐH¢¶|i{[h˜cb\�jwcdZi^�an_dj+Y•c]\�zX_„Z•j�W)š•|†z•j�W1^

=¶|]²‘_�a6cm{)_„Zi^�W�jl¬iW)g—fEW�UXg•ÊqU‡z€ï‹W}{1_EY¦y†_›^�z \‹z�_„Z?>~’A@�–�Ê/u`hdzX{[hvh[ci^˜cdZ4z•Z]\�W1³Ejwc†U8\�h›c)\ÂzX^˜{)_„Z�^<W�jl¬�W1g

a'_djÈcN{[U _†^<W)gv^�ki^�\<W[YmÐ

B%(*+ �	(�CD�E�����!(*+'�F(F"&GE��� �	��� ���	(*)���+H,I���0/�+ �
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KML5N#O0P:QSR	T�UVRFWYX[Z�\^]FZ*_�`a\Sb�Z#_7c�d#\fe	gh\i`fc�g�j&k5\il!m	nok5\qp g0c�d�rDks_7c�dqe0n tum�`:nvg0c�wYx�m�b*Z^_Sjykz_	c�`V{sg	k|r

}

_~jynvg0cSn•c�€�g0p €�\~`Ip ghb�_	p	b*Z*_	c�d7\i`.n•c�`•g

}

\ƒ‚0\�p e…„†p‡noˆy\Ij‰Z�\Šg	k5eF\�k�]*_�kz_

}

\‰ja\*k ‹�ŒA•†Ž•„�•.Z	nvb�Z?nv`Yc�g�j

b~ghc�`a\�k|€�\ieq{sg	k _fb*p g#`•\ie‘`“’�`“j•\

}

w

”–•!—Y˜u•H™Eš�•hš�›œ˜ •�˜u•…žHš�ŸŠ— ™�¡Iš�ž�˜£¢?•0š�ŸŠž�¤~¥¦•…›œš§•…¨a¥©ŸŠž

ª
g0c�`:n«e	\�k¬_�`yn

}

]	pv\Šg0c�\ƒbig

}

]7ghc�\*c�jY]	Z*_�`a\Yjykz_	c�`V{sg	k

}

_�jynvg0c�­
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F h
 liquid

solid

Tm
T T

1325476h8:9

�8�~;�Ò�<^¯

W�y[j�W1^�W�Z]\�c]\‹z�_„Zi^N_�aƒ^‹z€YNydU W°\�h�W�j+Y
_%g†kdZ[cdY}z�{‘{1_EZi^�\�j+|i{!\‹z�_„Z�^Âa'_dj`y8h[ci^<W°\�jwcdZi^�e

a'_†j+YPc)\�zX_EZi^)Ð

°BWP{~cdZmW‹²%y�j�W)^<^˜\!hiWÂ\!jwcdZi^�a'_dj+Y•c]\‹z�_„ZvZ�W]c�jK\!hiW•\�jwcdZi^�z \�zX_„ZŠci^˜cq±†c†Z�g%cd|}W‹²8y[cdZ�^‹zX_EZ

û‘’s²
”D³/–§´¶µF·]’s²}–†¸Hµ0¹�’s²}–“³ƒ¸Hµ	º]’s²}–“³

º

¸–»~»i» ’

�d��;‹�

–

u`h�W�j�Wf³BY}z�³„h]\•Ž†W¦^<_EY
WvY
W~c~^!|dj�Wm_[abc½¼�h†z�gdgdW[Z—y[c�jwcdY
W!\<W[j|¾Ë^�|i{[h4ci^¥\�h�W¦gEz Ó¹|i^<W[ZiW1^�^˜_�a@cúy†W]cdï‘z€Z

\!hiW¦c]\�_„Y}z�{NjwcigEz™cdU e.gEz�^�\!j'z€Žd|~\‹zX_EZ
a�|8Zi{�\�zX_EZ%Ð

ˆ

h�WPW)š•|†z•U™z€Ž[j'z€|8Y•¬[cdU‡|�WÂ_[axûÚzX^¥³„z ¬�W�ZvŽ!k

¿

û

¿

³

´¶À ’

�d��;��

–

^<_—\!hiWmW1š/|†z€U‡z€Ž[j'z€|8Yªa�j�W)W‘W[ZiW�j�³[kCzX^
³„z ¬iW[ZCŽ�k´û‘’s²
”D³¶’Á²}–�–�Ð[° hiW!\�hiW[j�\!hiW—ydh[ci^<W¦\!jwcdZi^‹z \‹z�_„Z´zX^˜f¶j�^�\�e._dj�g8W�j

_djH^<W){1_EZig›e._dj�g8W�jÈu˜z•U‡U†gdW[y†W�Zig4_„ZN\�h�WNj�W[U�c]\‹z ¬iWŠYPc~³EZ†z \�|ig8W
_�aÈ\�hiW}{1_%W‰Â4{izXW[Z]\�^¥_[aq\!hiWS±›cdZig„c†|}W�²8y[cdZi^�zX_„Z„Ð

°BWÂu`z•U‡U/|i^<W•a�|dZ�{�\�zX_EZi^ÂU‡z€ï‹WNû‘’s²
”D³/–x\<_man_EU‡UX_]u W!¬i_EU‡|]\�zX_EZP\�_]u6c�j�g8^¥W1š/|†z€U‡z€Ž[j'z€|8Y•¬[cdU‡|�W1^˜û4’s²
”D³¶’s²}–�–�Ð

×˜ÙŠ:<MPJ
½•3bGP½Â=¹FKJ@;>Ù4Jb5•:�7/:<J@M

ˆ

hiW}{�hiW[Y}zX{~c†U„^�ydz€Zi_%g„c†U8cdZigS¾•|8ydh†z€U€Udg•z Ó�|�^‹zX_EZ�¾

¯

W){]cdU‡Ud\!h[c]\

Ã

Ä
´Ï’Å>

ÄqÆ

Ç

¸ ’

�ÉÈ

>)–
ÄqÆ

Ê

–�’

�

¸

¿!Ë5Ì

4¬Í

¿!Ë5Ì

4
>

–�´Ï’Å>
ÄqÆ

Ç

¸¨’

�¦È

>1–
ÄqÆ

Ê

–

>

•.²

¿�Î

Ç

¿

>

’

�d��;�Ò

–

«

_[\<WP\!h[c]\b^‹z•Zi{1W[Ê

Î
ÏÑÐ†Ò

Ó

Ð‰Ô

Ê/\�h[c]\6\!hiW¦gEz Ó�|i^�z ¬†z \+k4h[ci^@\!hiW}^�cdY
W¦^‹z�³„Z‘c~^ƒ\�hiW}^<W){1_EZig—gdW[j'z ¬[c]\�z ¬iW¦_[aq\!hiW

a�j�W1W¦W[ZiW�j�³[k%¡

Ã

ÄÖÕ

¿

º¬×

û

¿

>

º

’

�d��;Å�

–

p¯_EZi^‹z�gdW�jK\!hiW•an_EU‡U _]u`z•Zi³ma�j�W)W�e.W�Z�W�j�³[k‘{[|djl¬iW°cdZigËj�W1^!|dU \�z€Z�³´ydh›c~^�WPg•zÌci³„jwcdYm¡
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CCa¢ Ca¢¢

2dc

DF(C0)
F

C

Region I

II

III

chemical
 spinodal

Coexistence
curve

T

K3L5N7O0P:QØRFT~UÅÙ0W�Ú3k5g*jag*jA’	]7\q{“k5\~\yrÅ\*c�\�k5d*’�big0c�`“j‰kAm�b‰j:n«ghc
_	c�eHk5\i`ymFp jynoc�dÛ]FZ*_�`a\�e0nÜ_�d0kz_

}

•Ýn jyZ
_

`‰]7noc�ghe�_	p!k5\~d�n«ghc�w

Þ
cßk5\idhnvg0c

Þ�ÞzÞ
„Øà á âäãF„åZ�g�•£e	g�\i`ƒjyZ�\^e0n tum�`:n«ghcæ\il!m#_~jynvg0cØç7\*Z*_�€�\?•.Z�\*cÑà á âäãFèÖé�\ib�_7pop�j‰Z*_�jI{Ág	k

n•c7n jynÜ_	p7big0c�e0n j:n«ghc�`åê�ŒA•3ë•ì�í¶ãFŽ�íïîfŒsì©í¶ãFŽFðaL5ñóò�ô:õ•ö

÷

jyZ�\Še0n tum�`ynvghc&\il…m*_�j:n«ghcóZ*_�`É`ag0pøm�j:n«ghc�­

îfŒsì:Ž�íïîfŒÅãFŽaù*úÉû

üMý“þ5ÿ����

���

þ��

ŒÅR	T�U
		Ž

X[Z7nv`u•Ýnopop	ç7\É€�\*k|’?ç*_�e!p ’�ç7\�Z#_~€�\ie�{sg	k3`

}

_	pøp�•�_�€�\�pv\�c�d*jyZ�`�_7c�efd�n €�\Šc�gf\*c�efg*{�jyk5g0m	ç	pv\#w
Þ

jÉnv`©nopop rD]7g7`a\ie�w

� •hš¦—�¨“˜¬ŸÉ•
�
ŸI˜u•����

�
g�•-j•g%‚��%j‰Z7n«`Ý]*k5ghçFp \

}

_	c�e?b�_	pvb�m	pÜ_~j•\ƒ_&d7g�€�\�kAc7n•c�dó\il!m#_~jynvg0cSn•c�`:n«e	\.jyZ�\Š`y]	noc�g�eh_7p…k5\~d�nvg0c7è

ª
g0c�`:n«e	\�kMj‰Z�\Y{sg0pøp g�•Ýnoc�d^]*k5g�‚�p \&g	k3€#_�kÁnÜ_�jynvghc%n•c�‚0\�pve�­

c

x

ca¢

ca²
x

h¢

h²

h

���������������

���������������

���������������

���

���

���

�������������

�������������

�������������

����� �"!$#&%('*)
+�,.-0/2143�576�8:9414;<5"/=5?>@1BA:CD6E; FG8IH�C&;0/*1JCI3K>ML29NC O

P
A?L*1RQ:;S/:6T5?>VUWC?/?L(X 14;<CYHZ9*L(/T[WC\;0]^UW5WH�CY6_14A LN1a`b]c;0]c;d94eaH48(3K>ML:9YC^C?/:CI3�f?gWh

i

AI5j8(X<6k1BA:ClU C?/?L(X 1mgn6�CIUWCI/I6o5"/p14AICrqRA:C41BA:C?3R14AICrs"CIX<6t;<H�;0/:9?3�C*L:H$;S/:fuX<C4>v1xwm1J5Iwb3�;dfjA*1a5(3\;0/:9?3�C*L:H$;S/:f

3�;dfjA*1
wm1J5IwbX CB>y14h

z
5(3{;0/(AI5j]R5Wf C?/:5"8:HVs"C?X 6(HB|}C4~�U?L(/:6_14AIC•>x3yCYC^C?/:CI3�f?g_L([ 5"8*1.; 1JH•AI5j]R5Wf C?/:5"8:HV€?L(X08:C •
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