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$% &'(MPa) ()(°C) *)(mol kg
−1

)* +,-

Baabor et al. (1999) ./�01& 40 0.0861–2.4420 ����

Baabor et al. (2001) ./�01& 40 0.0434–3.007 ����

Gibbard

and Gossmann (1974) 

0.1 0 0.02805–1.01610 23456)**

Haghighi et al. (2008) 0.1 0 0.1839–1.8535 

(0.1839–1.5900)

23456)***

789:(1974) ./�01& 100.125

–103.594

0.1035–1.8704 ;4<=)****

Holmes and Mesmer (1996) ./�01& 109.90–250.97 0.4242–3.9499 

(0.4242–3.1589)

����

Jones and Pearce (1907) 0.1 0 0.004932–0.9613 23456)***

Loomis (1896) 0.1 0 0.00996–0.29686 23456)**

Menzel (1927) 0.1 0 0.0640–0.6724 23456)**

Patil et al. (1991) ./�01& 30–70 1.047–4.801 (1.047–3.737) ./�01&

Pitzer et al. (1999)# 0.1 25 0.0001–5.90 (0.1–4.0) ����

Rivett (1912) 0.1 0 0.0562–0.7907 23456)**

Rodebush (1918) 0.1 0 0.92321–2.94084 

(0.92321–1.23305)

23456)**

Sako et al. (1985) ./�01& 49.45–124.65 1.051–4.104 (1.051–3.102) ;4<=)****

Urusova  

and Valyashko (1984) 

./�01& 250 1.21–17.9 (1.21–2.74) ./�01&

Valyashko et al. (1988) ./�01& 249.85 1.21–15.9 (1.21–2.74) ./�01&

Pitzer et al. (1999)# 0.1 25 0.0001–5.90 (0.1–4.0) ������

# +,->?�@�ABCDEF>GBHIJ�DEF>KLCMNOPQ 0.1 mol kg
−1RSPDEBHI

* TUVPGBH*)WXQMNOPYZBHWX>G�I

**  Goldberg and Nuttall (1978)�DE->KLHI

*** Goldberg and Nuttall (1978)�F>KLHI

**** [1&> 0.101325 MPa�\LC]^HI

�� ������	
������������������������� !"#
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#$ %&(MPa) '((°C)* )((mol kg
−1

)* *+,

Baabor et al. (2001) -.
/0% 40 0.0398–3.0965 ����

Baker and Waite (1921) -.
/0% 58.02–173.4 2.335– - . 
 � �

(2.335)

-.
/0%

Bechtold and Newton (1940) -.
/0% 25–45

(35–45)

0.3043–7.0310

(0.3043–3.0335)


��

Brandani et al. (1985) -.
/0% 30–95 0.3316–8.431 

(0.3316–3.661)

-.
/0%

Childs and Platford (1971) -.
/0% 15 0.1–7.0 (0.1–4.0) ����

Davis et al. (1986) -.
/0% 50 0.2438–2.7648 ����

Duckett et al. (1986) -.
/0% 50 3.1040–12.0222 

(3.1040–3.8071)

����

Gibbard and Fong (1975) 0.1 0 0.02755–0.72735 12345(**

Grjotheim et al. (1988) -.
/0% 100.3 0.35081–7.0724 

(0.35081–2.9726)

����

Gruszkiewicz

and Simonson (2005) 

-.
/0% 140–250 2.9485–21.8803 

(2.9485–3.8206)

-.
/0%

Gruszkiewicz

and Simonson (2005) 

-.
/0% 107–250 2.3849–5.3993 

(2.3849–3.6872)

����

Haghighi et al. (2008) 0.1 0 0.444–2.7679 

(0.444–0.935)

12345(***

6789(1974) -.
/0% 100.110–102.693 0.0952–1.6431 :3;<(****

Harrison and Perman (1927) -.
/0% 40–80 0.1783–13.801 

(0.1783–3.936)

-.
/0%

Holmes et al. (1978) -.
/0% 108.85–200.85 0.7940–3.9568 

(0.7940–3.5537)

����

Holmes et al. (1994) -.
/0% 170.77–250.97 0.4074–4.8131 

(0.4074–3.6971)

����

Jakli and van Hook (1972) -.
/0% 19.702–101.000

(39.788–78.684)

2.9573–7.8767 (2.9573) -.
/0%

Jones and Pearce (1907) 0.1 0 0.009994–1.023 12345(***

Loomis (1897) 0.1 0 0.01–0.5021 12345(**

Oakes et al. (1990) 0.1 0 0.2911–9.4534 

(0.2911–1.0234) 

12345(***

Patil et al. (1991) -.
/0% 30–70 1.002–7.885 

(1.002–3.887)

-.
/0%

Perman and Price (1913) -.
/0% 69.96–90 0.256–9.26 (0.256–3.63) -.
/0%

Pitzer et al. (1999)# 0.1 25 0.001–5.25 (0.1–4.0) ����

Plake (1935) -.
/0% 100.00124

–100.411 

0.00081–0.315 :3;<(****

Platford (1973) -.
/0% 0.01 0.4959–6.972 

(0.4959–3.761)

����

Rodebush (1918) 0.1 0 0.76676–4.32495 

(0.76676–1.3362)

12345(**

Sako et al. (1985) -.
/0% 49.55–129.55 0.9568–5.002 

(0.9568–3.084)

-.
/0%

Selecki and Tyminski (1967) -.
/0% 59.5 1.133–11.369 

(1.133–3.859)

-.
/0%

Wood et al. (1984) -.
/0% 200–350 (200–250) 0.5–6.8 (0.5–3.9) -.
/0%

Zarembo et al. (1980) -.
/0% 149.85–349.85

(149.85–249.85)

0.246–5.536

(0.246–3.889)

-.
/0%

McLeod and Gordon (1946) 0.1 15–35 (15, 35) 0.0029934–0.075054 ������

Mussini and Pagella (1971) 0.1 25–70 (40–70) 0.009197–0.09680 ������

Pitzer et al. (1999)# 0.1 25 0.001–5.25 (0.1–4.0) ������

# *+,=>�?��@ABCD=E@FGHBCD=IJAKLMNO 0.1 mol kg
−1PQNBC@FG

* RSTNE@F'(U�JO)(VWOKLMNXY@FVW=E�G

**  Staples and Nutall (1977)BC,=IJFG

*** Goldberg and Nuttall (1978)D=IJFG

**** Z0%= 0.101325 MPa�[JA\]FG

�� ������	
����������������������� !"



��������	

�����������	
�������

��������������������������

�����������������
����	��������������

� !"#$%&�'($)*+,-.�����/0

�1234567�����89,:7;4<��;=>

�	�����	������������ �>����!"�������	#��!��$

�����>����!"��������������?@+�A,B���

��45CDEF�GH�����>IJ
����$

%&���KLM!"#$%&��<�N��� !"

#$%&��<�N.���89,:7��;��

OPQ,/RSTA,U��VW��=XYZ?��

����[\]Z�^,_��=X�;=>O`Q,/

a,VW.YZ?�/;��

b%&
'������������(�/@+�A,B<�>cdef

,����gh"#$%&
��� !"#$%&�

��������))�	�����
��
!�	�����*����

gh"#$%&��
CDEF�-E�O,��i


������>��45��$��'�j`i��FOk

�+��	����Vl����gh"#$%&�CDEF�

m�>m�57�CDEF45��� !"#$%&

�CDEF�RS���

b�	#��!��$ �����������
,��$�������������/�

�nog"#$%&�IJ%&,��@+�A�m�

57���� !"#$%&���������n

og"#$%&��45CDEF������	�����

���� ��p�q��rs�����RStuLv#

�m�>��� !"#$%&��
CDEF�-

E�m���

b�����������	
������/wxy ������

��������������	
����������z��k�

q��{xy �,|S���

b-
+��������	������ (�
-&���������������

�����������45.����!��/�$0���.�'�����

�������}~��c��xEF�RS��=N>	

	�/	�RSk��q���

b��	$������	�
�����*�/��� !"#�px


$���x��7�7���
��
=����k��

�������� !"#�px������ >$��

�x�������,�����RS���

b������	�����*�/@+�A���nog"#$%&

���/��
cd,����� !"#$%&�

��������nog"#$%&��45CDE

F������	��������� ��p�q��rs����

�RStuLv#�m�>��� !"#$%&�

�
CDEF�-E�m����5,>1�������

�	�$)��
�$)��������������CDEF
�


�-E�O.FOk�+��	����Vl���Vl,�

�<��������45���$��'�j`i����

$��'�j`���k,=��CDEF�k��q���

����
CDEF�-E45��� !"#$%

&��
CDEF�-E�m���

b2�	�$)������������3�)���Q������

$���4��,�5
;<����>	7/$���4��

,�5����/�����

��������	
��������	
�

����������������

�4����y ��3 �2��+�/$%&��

����,����
-������	�-Ep��.��

� �$%&�6������>��¡�$%&������>��.

�¢,£$�/;X$%&�¤��¥¦,/	�$%&

�.��
O.�6�������$%&��
$%&Q�§¨

©�x�y ���7�7$�
��>���¢,¤��$

%&��
��$%&Q�§¨©�x�y ���7

�7$�
��>������$%&��
$%&Q�§¨©�

x�y ���7�7$�
��
O.
>�,���/�+
^

p�-Eª�57��

�,���7���+�$��j���+�$��j���+�$��

�4����y ��3 �2/�,«¬.���>

®¯,��_�����	�-Ep°�45�/±²

��,=���4����y ��3 �2�m��

	
��Z;��>�4����y ��3 �2�

�«¬³�m��	
��Z��

O´,��KLM!"#$%&����,-.�GH

���>O ,��� !"#$%&����,-.�

GH��.���.�¢,$%&�q����/���

 !"#$%&,-.�%��8�����������°���

���>O´Q��,.��
���.?�/;��

O´
Oµ,���GH¶6,?���,-.�GH

�����&����	�������������GH����KLM!

"#$%&����·9&���������	���������G

H����� !"#$%&����/0�123
¸

(¹�/;4<���>		�/89,:7;4<��

%�
'���������������
3&
'�	������/��� !

"#$%&�����GH�����>$%&���

z�45lº¹,»�����°�������¼�/

��½BN�¼�>z�������¾;�¼�¿À��

��9	&$���������:���z��ÁÂ;RSp�;�

��>		�/89,:7;4<��i�>,�		����

�����	$��������/¾x�$��xR¯���� !

"#$%&,¤��	
�ÃÄ���Å:N�Æ���

��45$���y ��3 �2�m����ÇÈ¹

-Ep45�4����y ��3 �2��«¬³


-�ª��	
��Z��É�Ê>.����!��/�$0���

r s Ë Ì

��



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

���������������	
���
���
�������

�������
	���	������ !"��

#$�	%��&'!(
)*+
,-�.��/0

12	34567�89�

:�������	
�
��)*+
;5���� �
	�

����������������������<������������ ����

 �!�� ���
;!()*+5=>?@ABCD
E

F�
���		�5G��H
IJ���KL��

�)*+�"���MN�#�MN�O$�	�$O������������O

<�O %
���		&����������� ���� �!���'

:��������������	

���P�� �������MN�
=

>?@ABCDQ���=>RSBCD5TU)=V

���(
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=>?@ABCDdef�=>RSBCDdef
+ghijk�.���l
N�

��

��(mol kg
−1

)*�� ��(MPa)*  �(°C)*

Initial Final 

Fricke (1929) 0.1 19–22.5

(20)

2.598–5.901

(2.598–3.524)

0.184–0.200

(0.184–0.186)

Gillespie et al. (1992) 10.3–13.2 

(10.3)

250–325

(250)

0.24702–1.03868

(0.50815–1.03868)

0.03358–0.71883

Jahn and Wolf (1993) 0.1 25 0.5015–5.700 

(0.5015–4.000)

0.005069–0.05215

(0.005069–0.03904)

Lange and Streeck (1931) 0.1 25 0.006018–0.09643 0.0001024–0.003369 

Leung and Millero (1975a) 0.1 30 1.21316 0.16582–0.91288 

Mayrath and Wood (1983) 0.2–15.6 

!"#�$%�&

100–199.80 0.00324–5.428 

(0.00324–3.861)

0.00162–2.518

(0.00162–1.834)

Snipes et al. (1975) 0.1 25–80 0.0652–2.053 0–0.04190 

Wang et al. (1997) 20.5 250–300 

(250)

0.2470–1.5451

(0.5151–1.5451)

0.0997–0.7589

(0.1998–0.7589)

* '()*+,-��. �./�01���231456*78,-239+�:

�� ������	
��������������

��(mol kg
−1

)*�� ��(MPa)* ��(°C)*

Initial (Add)** Final 

Del Re et al. (1990) 0.1 25 0.928–7.070 

(0.928–3.981)

0.087–6.587

(0.087–3.981)

Gillespie et al. (1992) 10.3–13.2 

(10.3)

250–325

(250)

0.2489–1.0463

(0.50457–1.0463)

0.10007–0.82223

Holmes et al. (1994)# 7.2–43.5 24.96–253.38 

(24.96–200.20)

0.0500–7.2589

(0.0500–3.2261)***

0.0083–5.8071

(0.0083–1.0012)***

Lange and Streeck (1931) 0.1 25 0.006018–0.09647 0.0001062–0.003369 

Leung and Millero (1975b) 0.1 30 0.98994 0.18961–0.68652 

Lilich et al. (1978)## 0.1 0–50 0.2–11.9 

(0.2–4.0)

0

Oakes et al. (1998) 20.9–21.8 100.03–299.85 

(100.03–249.85)

1.048–6.040

(1.048–3.772)***

0.010–4.869

(0.010–2.742)***

Perachon and Thourey (1978) 0.1 25 0.025–3.291*** 0*** 

Plake (1932) 0.1 0.26–20.34 

(0.26–20)****

0.0125–0.5 0.00025–0.02 

Richards and Dole (1929) 0.1 20–25 1.110–0.0173 0.555–0.00867 

# 7.3MPa 200.2°C!"#$ initial% 1 mol kg
−1$ final% 0.025 mol kg

−1&�'( 0.0166 mol kg
−1)*+(,

-./012$(�'$ 34�567'�'8

## 9�:;%<=�$ Ananthaswamy and Atkinson (1985)>.?@'A8

* BCD$EFA�� �� &�'(��GH(IJK$LMFAGH?E�8

**  Initial&�'( AddD��N'O.8

*** Initial��% 4 mol kg
−1?PQ7'�RSTU$&V7W Final��% 4 mol kg

−1?#XV7'�YZ�

( RSTU?[\Z]^7���?34FA8Holmes et al. (1994)?_�F7`=��/abc�FA8Initial

��% 7.2589 mol kg
−1$ Final��% 3.2261 mol kg

−1RSTU/ 2.0739 mol kg
−1RSTU?[\Z]^7 

Initial��% 3.2261 mol kg
−1$ Final��% 2.0739 mol kg

−1d���?34FA8

****  20°Cef.( Garvin et al. (1987)% 20°C�g4FA.?h@FA8
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���5��&-�6�&.���
��"�&7�+�&���!������&��-����

8"� ��"�����������������%�
��"������������1���

���%%������"�%������"�*� �
������V ,��������

����
�*��
������V �����"�*��
������V ,�������

/'������4�-��
���/
�������&��&����3�����

���5��&-�6�&.���
��"�&7�+�&���!������&��-�������

8"� ��"���"�*���%������*� �
������V ,��������

������*� �
������V �����"�*� �
������V ,�����
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��

�� ��(MPa) ��(°C)* ��(mol kg
−1

)*

Garvin et al. (1987)# 0.1 0–100 (25) 0.01–11.00 (0.25–4.00) 

Richards and Dole (1929) 0.1 20–25 (20–22.5) 0.0173–1.110 

Saluja and LeBlanc (1987) 0.6 25–100 0.02976–0.88035 

Saluja et al. (1995) 0.6 25–100 1.4585–5.5407 (1.4585–3.5691) 

White et al. (1987) 2.12–17.82 33.06–329.53 (33.06–227.77) 0.0507–3.0284 

# � !"#$%&�'()*+,-./01 0.25 mol kg
−123!"45+,

* 67809'+��:�51��;<1-./0=>'+;<"9�,

�� 	
������������������

�

�� ��(MPa) ��(°C)* ��(mol kg
−1

)*

Call et al. (2000) 0.35 5–120 0.00837–0.99851 

Eigen and Wicke (1951)  !�"#� 10–130 0.382–0.949 

Fedyainov et al. (1970) 0.1 25 0.0395–5.5231 (0.1976–3.8427) 

Likke and Bormley (1973)  !�"#� 80–180 0.2192–0.8981 

Perron et al. (1974) 0.1 25 0.00386–0.34096 (0.01332–0.34096) 

Perron et al. (1981) 0.1 25 0.13680–5.02800 (0.13680–3.44500) 

Saluja and LeBlanc (1987) 0.6 25–100 0.10844–0.52775 

Saluja et al. (1995) 0.6 25–100 0.4422–5.1855 (0.4422–3.5806) 

Vasilev et al. (1973) 0.1 25 0.4636–5.1139 (0.4636–3.5081) 

White (1988) 2.33–17.90 75.92–324.66 (75.92–225.70) 0.0311–2.2616 

* $%&'()*��+�,-���./-012'34)*./5(�6
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