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 � )��� J1�C � ��" �� �� �(* ��+
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��" . ��� � =
� �b��
 .� :1�V = � 
� &�'�� )��� �+��" = � �� ��	+

(Tt, Pt) �� �
 )4 . �� /��� ������ �� �b;� �b;� = � �� &������ Jf�� 
��" � .
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Tt = 273.16 K,

Pt = 611.73 Pa. I2L
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µI(T, P ) = µG(T, P, x), I3L
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µG(T, P, x) = µG
0 (T, PG), I4L

��� � ��" 
� 	U��� 
/� �� ���� �� �0!# � 
��" PG . J1�C � ��� �� � �
>
' � B
*��(� µG
0 ��

&�
 /��� ���� � 
�f�
���" PG �� &:��

���H� � :1�V 
� PG �� &�+��� ���H� � :1�V 
� PG �� �	� �1��H� � (4L �� �b��


� 
�� &�
+��� )��� Ps �� �
 )4 . �
 /��� T�O'� � 
�f�
���"

µI(T, P ) = µG
0 (T, Ps). I5L

:�� B3' = � �� P �� µ �� ���(*�
(

∂µ

∂P

)
T

= v, I6L

� 
�� &:�� I�,�RL �c . � �KV v ��

PG vG = R T, I7L

�<
�	� = � �� &:�� �+��� � :��m R ��
(

∂µG
0

∂PG

)
T

=
R T

PG
, I8L

�/'�� �K
(� )4 �� ��

µG
0 (T, PG) = µG

0 (T, P ′) + R T ln
PG

P ′ , I9L

�/'�� �K
(� (9L . (5L �� �+�1��H� �� �<
�	� = � �� &:�� ��/f��� � 
��" � P ′ ��

µI(T, P ) = µG
0 (T, P ′) + R T ln

Ps

P ′ , I10L

� 

Ps = P ′ exp
[
µI(T, P ) − µG

0 (T, P ′)
R T

]
. I11L
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�
A � Ps � 
��;� 	� �(O1� &�+��� P . T �� �+
��;� �� �>+ �� ��� �� �
 Ps �1��H� = �

��/' 	��
� P �� ���/��>� 
��;� = � �� = � )4 . :*+

Ps ≤ P. I12L

�/'�� (12L � a	' N
/P = � 
� &:"	� P )�>+ �
 )4 �/'�� �,># �� &:�� ��/f��� P ′

µI(T, P ) ≤ µG
0 (T, P ), I13L
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��� � @��� IPcL 
��" �C = � �� . 
 &:�� J1�C � ��� . I � ��" �� �(* ��+ � �C ��/'��

�:��

µI(T, Pc) = µG
0 (T, Pc). I14L

�/'�� �K
(� (6L ��
{

∂[µG
0 (T, P ) − µI(T, P )]

∂P

}
T

= vG − vI. I15L

� <*V 	� [µG
0 (T, P ) − µI(T, P )] ��'�� :O[� (vG − vI) 	�� �/'�� X/,H� <
�	� = � ��

� ��" 
� �c . � �KV �� 	��
� J1�C � ��� � ��" 
� �c . � �KV 	�� M� &:�� ��/HP 
��"

�/'�� (13L � a	' I:�� =
�2 �E��?�A ��L �'�� I

P ≥ Pc(T ). I16L
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 Ps � 
��;� �(14L �� ���D(�� ��
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Ps(T, P ) = Pc(T ) exp
{

µI(T, P ) − µI[T, Pc(T )]
R T

}
. I17L

�K
(� (12L �� = � � <
�	� �� &:�� 	��2/��� Pc �� Ps �+��� )��� �,># �� �b��
 = �

�/'��

Pc(T ) ≤ Ps(T, P ) ≤ P, I18L

&:�� (16L )4 �� �
����� � a	' �(O1� ��

� 
��

µI(T, P ) − µI[T, Pc(T )] = v̄I [P − Pc(T )], I19L

� :A. !# 6E >? &:�� P �� Pc(T ) �� �,�R � �KV �� ��
�
� . ��
>� � =
� � 
��;� v̄I ��

� :��
 � 5	8 �1/>H� �� �+
��" 
� �:�� ���	^� �� �b;� �� � �!� � @ �� I � ��" ��

. �+
��" 
� �1/>H� � ���# � @ �� � �� �	� &:�� (R T ) �� 	��2/� 
�
*� 9�� � N
�O?

)�>+ �� � �� � �� � ,�R � �KV � 	 ��	 � 10−3 �� �O �	 � �� �,�R � �KV ��1/>H� �� �+� ��

�� �O�	� �� 9�� � N
�O? � :��
 � 5	8 :1�V = � 
� M� &:�� :
H]. )�>+ 
� M�#

� �+:1�V=
�2 
� �<
�	� = � �� &:�� (10−3 R T )

Ps(T, P ) ≈ Pc(T ). I20L

� 	��	� 
��" � :A. &�����>� �A�� I � ��" �'�� 	��� Pc(T ) �� 
��" 	�� ��P6C � 
/8 ��

	��
� Pc(T ) �� 
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� ���� �:�� Pc(T )

� 
�f� � 
��" . :*
� J1�C ��� ��� �:�� ���H� 
� ��� � ��" 
� ���� �� I � ��" 
� ���� ��/'

&:�� P . Pc(T ) � =
� )4 
� ����

� � B3' �� �/'�� �
 ���(*� = � &�+��� �
 T �� Pc �� ���(*� (14L �� �1��H�

�� �
���� �#/� 
�� = � �� �	� &:'/� B
*��	D � �� �1��H�
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(
∂µ

∂T

)
P

= −s, I21L

�/'�� �K
(� &� 	
��� 7(�� T �� :O*� (14L �� &:�� I�,�RL �c . �� ��	(�� s ��

− (sG − sI) + (vG − vI)
dPc

dT
= 0, I22L

� 

dPc

dT
=

q

T ∆v
, I23L


�Z� &:�� 
�Z� �� I�,�RL �c . � �KV	�

�� ∆v . �
�Z� �� I�,�RL �c . � )��� �� ��	� q ��

T �� :O*� Pc M� &:�� ��
�+ �KV � � �!"� � � . 	 
���	� �E ?/ � 
�� � �� " � � I � �� " ��

&:�� ��/HP

�
���� $ 	H� &�	� ). 
�. �/'�� �
 T � <*V 	� Pc �� �b��


Pc[Tc(P )] := P. I24L

P �� 	��� Ps ��H �� 
�� J1�C�� � ��� �� ���H� 
� I � ��" ��'�� Tc(P ) �� 	��2/� T 	��

@ �� I � ��" � :A. &� 
�� J1�C � ��� �� ���H� 
� I � ��" ��'�� Tc(P ) � 	��	� T 	�� &:��

&� 
�� ��� l;" ��'�� Tc(P ) �� 	��
!� T 	�� &�+��� g
 )�
'/# �� :�� �#= � �:��

��1� �� D-�� # $�� �� "# ��E�$�� 3

� B
*��(� )4 
� �� :�� �� �b;� J1�C � ��� . �II � ��" �I � ��" � ���H� �� ������ �� �b;�

�:�� )��� ��" �� = � 
� ���� �� � �
>
'

µI(Tt, Pt) = µG
0 (Tt, Pt), I25L

µII(Tt, Pt) = µG
0 (Tt, Pt), I26L

µI(Tt, Pt) = µII(Tt, Pt). I27L
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=

H� �
 Tt . Pt � 
��;� �+�1��H� = � &��� �+ �� B;(*� �+�1��H� = � �� �� .� l;" �(O1�

�� J1�C�� � ��� �� . �+ �� P � 
��" . Tp �� ��� 
� II . I � ��" .� :�� =3>� ��� &������

� 
�� :1�V = � 
� &��'�� ���H� 
� Pp �� �0!# � 
��"

µI(Tp, P ) = µG
0 (Tp, Pp), I28L

µII(Tp, P ) = µG
0 (Tp, Pp), I29L

µI(Tp, P ) = µII(Tp, P ). I30L

�� �(* ��+ � �C X.�� �� �1��H� &��� �+ �� B;(*� �+�1��H� = � �� � � .� l;" �+ �� �

�/'�� �1��H� = � �� �,
*��	D � � B3' &�+��� �
 II . I �� �+��"

dTp

dP
=

vI − vII

sI − sII
. I31L

�/'�� Tp �� :O*� (28L �� �1��H� 6E [� � 7(�� ��1��H� = � �� ���D(�� ��

− sI +
sI − sII

vI − vII
vI = −sG + vG dPp

dTp
, I32L

�)4 �� .

dPp

dTp
=

vI (sG − sII) − vII (sG − sI)
vG (vI − vII)

. I33L

�:'/� �/'�� �+ B3' = � �� �
 �b��
 = �

dPp

dP
=

vI (sG − sII) − vII (sG − sI)
vG (sI − sII)

. I34L

��/'�� ��� � ��" �� 
�Z� � )����� �+��	� � <*V 	� �+�b��
 = �

dPp

dTp
=

vI qII − vII qI

Tp vG (vI − vII)
, I35L

dPp

dP
=

vI qII − vII qI

vG (qII − qI)
. I36L

ot



!"# $%&'( )* +,&*- ./0 123 45 67 8& 21 9&: +;-.  9&: )* !"# +,&*- !+<=&>&? *@. )!)-.

FG 4

� &�	� F�*V �
 T � <*V 	� Pc 
�f� �� @ �� � 
�Z� �� �	� �/'�� (23L �� ���D(�� ��

&�
'/�� ��2 ��� �� �,�R � �KV � 	��	� 
� F4 �� �,�R � �KV �� �� :�� = � (23L 
� < 	;�

�/'�� (23L N
/P = � 
� &� 	
��� B��� �+ �
 ���

dPc

dT
=

q Pc

R T 2
. I37L

�/'�� 9�� �� �1��H� � F�/# �� 	
S� :��m �+ �
 q 	��

Pc(T )
Pc(T ′)

= exp
[

q

R

(
1
T ′ −

1
T

)]
. I38L

� 
�� �1� ��

q(T0) = 2.5 × 103 J
g
, I39L

�/'�� �K
(� �#= � �� &:�� IP0L /#� � � 
��" 
� | � F.G �� ��� T0 ��

Pc(T )
Pc(T0)

=

⎧⎨
⎩

2.0, T = 10◦ C
7.1, T = 30◦ C
2.1 × 102, T = 100◦ C

. I40L

&:�� = � �1� �� ��	K� �� �K
(�

Pc(T )
Pc(T0)

=

⎧⎨
⎩

2.0, T = 10◦ C
7.0, T = 30◦ C
1.7 × 102, T = 100◦ C

. I41L

�� �	(*� 
� �� :�� = � �E ��>? IT = 100◦ C 
� �c . ��L �+�K
(� = � � N.�D� � :,?

� 
�� �1� �� &:*
� :��m q � 
��;� 100◦ C �� 0◦ C �� �� � ���

q(T = 100◦ C) = 2.26 × 103 J
g
. I42L

� 
��;� ��

q̄ = 2.4 × 103 J
g
, I43L

&�/'�� ��	K� �� �K
(� )�>+ T = 100◦ C 
� �	U� �� �K
(�

oW



!"# $%&'( )* +,&*- ./0 123 45 67 8& 21 9&: +;-.  9&: )* !"# +,&*- !+<=&>&? *@. )!)-.

� 
�� �1� �� &�	� F�*V P0 � 
��" . T0 �� ��� 
� �
 Ps �/'�� (19L . (17L ��

Pc(T0) = 0.6 kPa. I44L

�/'�� �K
(� (19L �� M� &:�� I105 Pa ��H L P0 �� 	��2/� 
�
*� 
��;� = �

µI(T0, P0) − µI[T0, Pc(T0)]
R T0

= 7.9 × 10−4. I45L

�<
�	� = � ��

Ps(T0, P0)
Pc(T0)

− 1 = 7.9 × 10−4, I46L

&����� �

Y� �
 (20L ��

� 
�� (31L �� &� 	
S� 	U� 
� �
 | . F4 �� ���H� 
� � F4
��f� � 
��" �X�K��	�

dTp

dP
= Tp

vI − vII

qII − qI
. I47L

� 
�� �1� �� &� 	
��� | �
 II � ��" . F4 �
 I � ��"

qI(T0) = 2504
J
g
,

qII(T0) = 2838
J
g
,

vI(T0) = 1.0002
cm3

g
,

vII(T0) = 1.0909
cm3

g
. I48L

�/'�� �K
(� �#= � ��

dTp

dP
= −7.4 × 10−8 K

Pa
. I49L

�<
�	� = � �� &:�� P0 �� 	��2/� � B
C Pt

oe
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T0 − Tt = −7.4 × 10−3 K, I50L

�+��� �K
(� ��

T0 = 273.15 K. I51L

� 
�� (36L �� �| . F4 �� ���H� 
� � 
�f� � 
��" �� �O��^� �� �	�

dPp

dP
=

PP

R T

vI qII − vII qI

qII − qI
, I52L

�� 	��
!� � B
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