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METRIC-ENGLISH EQUIVALENTS
Metric unit English equivalent

Length

millimetre (mm) 
metre (m) 
kilometre (km)

= 0.03937 inch (in) 
= 3.28 feet (ft) 
= .62 mile (mi)

Area

square metre (m2 ) .= 10.76 square feet (ft2 ) 
square kilometre (km2 ) = .386 square mile (mi2 ) 
hectare (ha) = 2.47 acres

Volume

cubic centimetre (cm") 
litre (1) 
cubic metre (m3 ) 
cubic metre 
cubic hectometre (hm3 
litre 
litre 
litre 
cubic metre

cubic metre

= 0.061 cubic inch (in3 ) 
= 61.03 cubic inches 
= 35.31 cubic feet (ft3 ) 

. = .00081 acre-foot (acre-ft) 
) =810.7 acre-feet 

= 2.113 pints (pt) 
= 1.06 quarts (qt) 
= .26 gallon (gal) 
= .00026 million gallons (Mgal or 

10« gal) 
= 6.290 barrels (bbl) (1 bbl = 42 gal)

Weight

gram (g) 
gram 
tonne (t) 
tonne

  0.035 ounce, avoirdupois (oz avclp) 
= .0022 pound, avoirdupois (Ib avdp) 
= 1.1 tons, short (2.000 Ib) 
= .98 ton, long (2,240 Ib)

Specific combinations

kilogram per square 
centimetre (kg/cm2 ) 

kilogram per square 
centimetre 

cubic metre per second 
(m3/s)

  0.96 atmosphere (ntm) 

= .98 bar (0.9869 atm) 

= 35.3 cubic feet per second (ft3/s)

Metric unit

Specific

litre per second (1/s) 
cubic metre per second 

per square kilometre 
[(m3/s)/km2 ]

metre per day (m/cl)

metre per kilometre 
(m/km) 

kilometre per hour 
(km/h) 

metre per second (m/s) 
metre squared per day 

(myd)

cubic metre per second 
(m3/s)

cubic metre per minute 
(m3/min) 

litre per second (1/s) 
litre per second per 

metre [(l/s)/m]

kilometre per hour 
(km/h) 

metre per second (m/s) 
gram per cubic 

centimetre (g/crn3 ) 
gram per square 

centimetre (g/cin2 ) 
gram per square 

centimetre

English equivalent

combinations   Continued

= .0353 cubic foot per second

square mile [(ft3/s)/mi2 ]

conductivity) (ft/A) 

= 5.2S feet per mile (ft/mi)

= .9113 foot per second (ft/s) 
  3.28 feet per second

= 10.764 feet squared per day (ft2/d) 
(transmissivity)

= 22.826 million gallons per day 
(Mgal/d)

= 264.2 gallons per minute (gal/min) 
= 15.85 gallons per minute

  4.83 gallons per minute per foot 
[(gal/min) /ft]

  .62 mile per hour (mi/h)
= 2.237 miles per hour 

= 62.43 pounds per cubic foot (lb/ft3 )

  .0142 pound per square inch (lb/in2 )

Temperature

degree Celsius (°C) 
degrees Celsius 

(temperature)

= 1.8 degrees Fahrenheit (°F) 

= [(l.SX°C)+32] degrees Fahrenheit
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P
relim

in
ary

 
steam

 
tab

les 
th

a
t 

g
iv

e 
th

e 
th

erm
o
d
y
n
am

ic 
d
ata 

fo
r 

th
e 

co­ 
ex

istin
g

 
liq

u
id

 
an

d
 
g

as 
an

d
 
th

a
t 

g
iv

e 
th

e 
th

erm
o

ch
em

ical 
d
ata 

fo
r th

e 
N

aC
l 

co
m

p
o
n
en

t 
in

 
th

e 
liq

u
id

 
fo

r 
th

e 
sy

stem
 

H
«

0
-N

aC
l 

are 
g
iv

en
 

fo
r 

liq
u
id

 
con­ 

cen
tratio

n
s b

etw
een

 0 m
ol N

aC
l/k

g
 H

20
 an

d
 h

alite satu
ratio

n
 
a
t tem

p
eratu

res 
b
etw

een
 

80° 
an

d
 

325° 
C

. 
T

h
e 

tab
les 

w
ere 

calcu
lated

 
fro

m
 

p
aram

etric 
eq

u
a­ 

tio
n
 o

f state.

IN
T

R
O

D
U

C
T

IO
N

T
he tab

les assem
bled p

resen
t th

e therm
ochem

ical p
ro

p
erties of 

aqueous N
aC

l in th
e v

ap
o
r-satu

rated
 liquid p

h
ase an

d
 th

e th
erm

o
­ 

dynam
ic p

ro
p
erties of th

e co
ex

istin
g
 liquid and gas p

h
ases fo

r th
e 

H
20

-N
aC

l system
 as follow

s :

p
artial m

olal volum
e of N

aC
l in th

e liquid,
p
artial m

olal en
tro

p
y

 of N
aC

l in th
e liquid,

p
artial m

olal en
th

alp
y
 of N

aC
l in th

e liquid,
m

olal volum
e of th

e liquid,
m

olal en
tro

p
y

 of th
e liquid,

difference betw
een th

e m
olal 

en
tro

p
y
 

of th
e 

liquid 
an

d
 

th
e

m
olal en

tro
p

y
 o

f th
e g

as, 
m

olal en
tro

p
y
 of th

e gas, 
m

olal en
th

alp
y

 of th
e liquid, 

difference betw
een th

e m
olal en

th
alp

y
 of th

e liquid and th
e

m
olal en

th
alp

y
 of th

e gas, 
m

olal en
th

alp
y

 o
f th

e gas.

B
l



B
2
 

P
R

E
L

IM
IN

A
R

Y
 

S
T

E
A

M
 

T
A

B
L

E
S

 
F

O
R

 
N

aC
l 

S
O

L
U

T
IO

N
S

T
h

e 
d

ata 
are 

tab
u

lated
 

fo
r 

liq
u

id
 

com
positions 

fro
m

 
0 

m
ol 

N
aC

l/k
g
 

H
20

 
to h

alite 
satu

ratio
n

 
a
t tem

p
eratu

res 
fro

m
 

80° 
to

 
325° C

. A
s an aid

 in u
sin

g
 th

e tab
les, th

e v
ap

o
r p

ressu
re an

d
 th

e 
d

en
sity

 of th
e liquid are also given. T

hese tab
les com

plem
ent th

e 
steam

 
tab

les 
p

rep
ared

 
by 

H
aas 

(1976) 
in 

w
hich 

th
e 

p
h
y
sical 

p
ro

p
erties of th

e solutions an
d

 th
e th

erm
o

ch
em

ical d
ata fo

r H
20

 
are tab

u
lated

.
T

he tab
les p

resen
ted

 h
ere are p

relim
in

ary
. T

he fu
n

ctio
n

s upon 
w

hich th
ey

 are based rep
resen

t a reaso
n

ab
ly

 com
plete an

aly
sis of 

th
e av

ailab
le d

ata th
ro

u
g
h
 1971. Im

p
ro

v
em

en
t can be m

ade w
hen 

m
easu

rem
en

ts an
d

 an
aly

sis are com
pleted on th

e v
o

lu
m

etric p
ro

p
­ 

erties of v
ap

o
r-satu

rated
 an

d
 v

ap
o
r-ab

sen
t liq

u
id

 at h
ig

h
 tem

p
era­ 

tu
res an

d
 at co

n
cen

tratio
n

s of m
ore th

an
 30 w

t p
ercen

t N
aC

l. B
e­ 

cause th
ere is an im

m
ed

iate need fo
r th

e co
n

tain
ed

 d
ata, th

ey
 h

av
e 

been m
ade av

ailab
le in th

is p
relim

in
ary

 fo
rm

.
T

he tab
les are given as an aid

 in geochem
ical an

d
 en

g
in

eerin
g

 
stu

d
ies related

 to th
e g

eo
th

erm
al 

en
erg

y
 p

ro
g
ram

 of th
e U

n
ited

 
S

tates. S
u
p
p
o
rt fo

r th
is w

o
rk

 h
as com

e exclusively fro
m

 th
e U

.S
. 

G
eological S

u
rv

ey
's g

eo
th

erm
al research

 p
ro

g
ram

.

U
N

IT
S

, 
S

Y
M

B
O

L
S

, 
A

N
D

 
C

O
N

S
T

A
N

T
S

U
N

IT
S

 
A

N
D

 
S

Y
M

B
O

L
S

 
IN

 
T

A
B

L
E

S
 

A
N

D
 

T
E

X
T

T
he chosen u

n
its in th

e tab
les fo

r tem
p
eratu

re, p
ressu

re, 
an

d
 

d
en

sity
 are °C

, b
ars, an

d
 g

 cm
-

3, resp
ectiv

ely
. T

hese are th
e sam

e 
as 

th
o
se 

used 
in 

sev
eral 

w
idely 

referen
ced

 
steam

 
tab

les 
(B

ain
, 

1964; K
eenan an

d
 o

th
ers, 1

9
6
9
). T

he p
artial m

olal an
d
 th

e m
olal 

en
tro

p
y

, en
th

alp
y
, an

d
 volum

e are given as J m
ol~

1K
~

1, J m
o

l"
1, 

an
d

 cm
3 m

o
l"

1, resp
ectiv

ely
, because th

ese u
n
its are m

o
st used in 

th
erm

o
d
y
n
am

ic calculations. B
oth w

eig
h

t p
ercen

t an
d
 m

olal 
(m

ol 
N

aC
l/k

g
 H

20
) 

scales fo
r u

n
its of sodium

 ch
lo

rid
e co

n
cen

tratio
n
 

are w
idely 

used 
in 

en
g

in
eerin

g
 

and 
geochem

ical 
research

. 
B

oth 
scales are used h

ere to achieve th
e m

ax
im

u
m

 use of th
e tab

les.
T

he q
u
an

tities, th
eir sym

bols, an
d

 th
e asso

ciated
 u

n
its used in 

th
is tex

t an
d
 in th

e tab
les are as fo

llo
w

s:

Q
u
a
n
tity

 
S

y
m

b
o

l 
U

n
its

activ
ity

 
a

fitted p
aram

eter in
 th

e activ
ity

 
B

 
k
g
 H

20
/m

o
l N

aC
l

coefficient function 
(eq 12) 

fitted p
aram

eter in
 th

e activ
ity

 
C

 
(k

g
 H

20
/m

o
l N

aC
l)

2
coefficient fu

n
ctio

n
 (eq 12)

h
eat cap

acity
 a

t co
n

stan
t p

ressu
re 

C
f 

J m
ol^K

"1 
d
en

sity
 

d
 

g cm
"a 

dielectric co
n

stan
t fo

r p
u
re H

20
 

D
 

m
olal free en

erg
y
 

G
 

J m
ol"1



N
aC

l 
C

O
M

P
O

N
E

N
T

 
IN

 
B

O
IL

IN
G

 
N

aC
l 

S
O

L
U

T
IO

N
S

B
3

Q
u
a
n
tity

 
S
y
m

b
o
l

m
olal en

th
alp

y
 

H
 

eq
u

ilib
riu

m
 co

n
stan

t 
K

 
m

ole fractio
n
 of N

aC
l 

N
 

p
ressu

re 
p
 

generalized therm
odynam

ic q
u

an
tity

 
Q

 
m

olar g
as co

n
stan

t 
R

 
tem

p
eratu

re 
tT

m
olal volum

e 
V

 

m
olecular w

eig
h

t 
W

 
concentration of N

aC
l in th

e liq
u

id
 

x
 

D
ebye-H

iickel lim
itin

g
 slope 

a 
fitted p

aram
eter in activ

ity
 coeffi- 

ft
cien

t fu
n
ctio

n
 

(eq 12) 
activ

ity
 coefficient 

7 
num

ber of m
oles of ions p

er m
ole 

v
o
f N

aC
l in solution

U
n
its

J m
ol'

J m
ol-'K

"1

d
eg

rees C
elsius, 

°C
kelvins, K
cm

"8 m
ol"1

g
 m

ol"1

m
ol N

aC
l/k

g
 H

20
 

(m
olal)

(k
g
 H

.O
/m

o
l N

aC
l)*

(k
g

 H
.O

/m
o
l N

aC
l)

1'4

k
g
 H

.O
/m

o
l 

N
aC

l 
m

oles N
a

+ +
 m

oles C
l" p

er 
m

ole dissolved N
aC

l

In
 th

e tex
t and th

e tab
les, th

e follow
ing su

p
erscrip

ts are u
sed

:

SU
S
o
l
r
t 

C
o

n
n

o
ta

tio
n

G
 

T
he 

su
p
erscrip

ted
 

q
u
an

tity
 

is 
an 

attrib
u
te of th

e 
gaseous 

phase.
L

 
T

he 
su

p
erscrip

ted
 

q
u
an

tity
 

is 
an

 
attrib

u
te 

of 
th

e 
liquid

phase.
-
 (b

ar) 
T

he overscored q
u

an
tity

 is a p
artial m

olal 
q
u
an

tity
 

of th
e 

com
ponent in

d
icated

 by th
e 

su
b
scrip

t, 
in 

th
e 

solution.
0 

T
he su

p
erscrip

ted
 q

u
an

tity
 is an

 attrib
u

te o
f the chem

ical 
species in th

e stan
d
ard

 state.
*
 

T
he sym

bol is a generalized sym
bol rep

resen
tin

g
 th

e su
p
er­ 

scrip
ts G

 and L
 above.

In
 th

e tex
t and th

e tab
les, th

e follow
ing su

b
scrip

ts are u
sed

:

S
u

b
sc

rip
t 

sy
m

b
o
l

C
o

n
n

o
ta

tio
n

T
h

e 
su

b
scrip

ted
 

q
u
an

tity
 

is 
a 

p
artial 

q
u

an
tity

 
fo

r 
th

e 
com

ponent H
20

.
T

he 
su

b
scrip

ted
 

q
u
an

tity
 

is 
a 

p
artial 

q
u
an

tity
 

fo
r 

th
e 

com
ponent N

aC
l.

T
he su

b
scrip

ted
 

q
u
an

tity
 

is 
an

 
attrib

u
te of th

e 
p
u
re 

sub­ 
stance H

sO
.

T
he su

b
scrip

ted
 q

u
an

tity
 is 

a m
easu

re of th
e difference 

in 
th

e 
therm

ochem
ical 

p
ro

p
erty

 
betw

een 
th

e 
com

pound 
in

 
its 

stan
d
ard

 
state 

and 
its 

com
ponent 

elem
ents 

in
 

th
eir 

stan
d

ard
 states.

F
U

N
D

A
M

E
N

T
A

L
 

C
O

N
S

T
A

N
T

S
 

U
S

E
D

 
IN

 
C

A
L

C
U

L
A

T
IO

N
S

T
he C

om
m

ittee on D
ata fo

r S
cience and T

echnology 
(1973b) 

of 
th

e In
tern

atio
n
al C

ouncil of S
cientific U

nions gives th
e m

o
lar gas 

c
o
n

sta
n

t^
 as (8.31441 ±

0
.0

0
0
2
6
) J



T
h
e C

om
m

ission on 
A

tom
ic W

eig
h

ts 
(1972) 

gives th
e follow

­ 
in

g
 ato

m
ic w

eig
h

ts:

H
 

(1
.0

0
7

9
±

0
.0

0
0

1
) 

g
m

o
l-

1
0

 
(1

5
.9

9
9

4
±

0
.0

0
0

3
) g

m
o

l-
1

N
a 

(2
2
.9

8
9
7
7
±

0
.0

0
0
0
1
) 

g
m

o
l-

1
C

l 
(3

5
.4

5
3
±

0
.0

0
1
) 

g
m

o
l-

1

F
ro

m
 
th

ese 
atom

ic 
w

eig
h

ts 
th

e 
m

o
lecu

lar 
w

eig
h
ts 

of 
th

e 
com

­ 
p
o
n
en

ts are:

H
2O

 
W

1=
(1

8
.0

1
5

2
±

0
.0

0
0
5
) 

g
m

o
l-

1 
N

a
d
 

W
2=

 (5
8
.4

4
2
8
±

0
.0

0
1
0
) g

m
o

l-
1

E
M

P
IR

IC
A

L
 

C
O

N
S

T
A

N
T

S
 

U
S

E
D

 
IN

 
T

H
E

 
T

E
X

T
 

A
N

D
 

C
A

L
C

U
L

A
T

IO
N

S

T
he 

fo
llo

w
in

g
 list gives 

th
e 

co
n

stan
ts 

fo
r 

th
e 

eq
u
atio

n
s 

p
re­ 

sen
ted

 
in 

th
e tex

t. 
T

he 
eq

u
atio

n
 

n
u

m
b

ers 
an

d
 
co

n
stan

ts 
are 

as 
fo

llo
w

s:

E
q

u
atio

n
 9

:
go =

 1.895555 X
lO

3 
g
!=

-1
.9

4
4
1
3
5
 

g
2=

-7
.3

4
3
1
5

0
 X

lO
7 

g
3=

-9
.9

3
8

0
6

7
 X

lO
3

E
q
u
atio

n
 16:

B
o =

 4.43570 X
lO

-2 
#
! =

 2.14240 X
lO

-4 
£

2=
-1

.2
1

5
8

2
x

lO
-

6

E
quation 17:

C
0 =

 4.86989 X
lO

-3 
C

i=
- 6.65184 X

lO
-5 

C
2 =

 1.69534 X
lO

-7

E
q

u
atio

n
 18:

F
o

r tem
p

eratu
res 

at 
an

d
 

below
 

100°C
 

th
e 

co
n

stan
ts 

are 
th

e 
fo

llo
w

in
g
:

0o =
 0.980075

01 =
 0.707654 X

lO
-2

0
2=

-2
.9

7
4
3
3
 X

lO
-5

F
o
r tem

p
eratu

res above 100°C
 th

e co
n

stan
ts are th

e fo
llo

w
in

g
:

00 =
 1.64801

ft =
-2

.8
3

2
4

6
 X

lO
-3
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L
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N
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V
A

P
O

R
 

P
R

E
S

S
U

R
E

 
A

N
D

 
D

E
N

S
IT

Y
 

O
F

 
T

H
E

 
V

A
P

O
R

- 
S

A
T

U
R

A
T

E
D

 
L

IQ
U

ID
 

P
H

A
S

E

T
he fu

n
ctio

n
s fo

r th
e v

ap
o
r p

ressu
re and d

en
sity

 w
ere given in 

H
aas, 

1976. 
T

hey are n
o
t rep

eated
 h

ere 
because th

ere 
h
as 

been 
no change.

T
H

E
R

M
O

C
H

E
M

IC
A

L
 

D
A

T
A

 
F

O
R

 
N

a
C

l 
IN

 
T

H
E

 
V

A
P

O
R

- 
S

A
T

U
R

A
T

E
D

 
L

IQ
U

ID
 

P
H

A
S

E

S
Y

N
O

P
S

IS
 

O
F

 
T

H
E

 
T

H
E

O
R

E
T

IC
A

L
 

A
P

P
R

O
A

C
H

A
n attrib

u
te of steam

 tab
les is th

at differences 
in th

e 
en

erg
y

 
co

n
ten

t betw
een tw

o states of m
atter can be calculated by sim

ple 
su

b
tractio

n
 of th

e d
ata in th

e tab
les. 

T
he ease in calculation 

re­ 
su

lts fro
m

 all values in th
e tab

les b
ein

g
 given as th

e en
erg

y
 dif- 

feren
ce 

betw
een 

th
e 

state 
of th

e com
pound 

at tem
p
eratu

re 
and 

p
ressu

re and th
e 

referen
ce tem

p
eratu

re 
and 

referen
ce 

p
ressu

re. 
F

o
r H

20
 in th

e N
aC

l-H
20

 system
 such values w

ere co
m

p
arativ

ely
 

easy to d
eriv

e because th
e th

erm
o
d
y
n
am

ics fo
r th

e p
u

re com
ponent 

H
20

 h
ad

 been estab
lish

ed
 

(B
ain, 1964; K

eenan and o
th

ers, 1969). 
It only rem

ain
ed

 to d
eterm

in
e th

e ap
p

ro
p

riate d
ep

artu
re th

at dis­ 
solved N

aC
l w

ould cause relativ
e to th

e p
u

re H
20

 system
.

F
o

r 
th

e 
N

aC
l 

com
ponent, 

no 
ap

p
ro

ach
 

h
as 

been 
established. 

F
irst, a referen

ce state m
u
st be chosen. 

In th
is set of tab

les, th
e 

chosen referen
ce state is th

e h
y
p
o
th

etical 
ideal N

aC
l 

solution 
of 

u
n
it m

o
lality

 at th
e ic

e
 liq

u
id

 v
a
p

o
r trip

le p
o
in

t fo
r p

u
re H

20
.

W
ith

 th
e referen

ce state estab
lish

ed
, calcu

latio
n
 of en

erg
y

 dif- 
feren

ces betw
een an

y
 arb

itrary
 tem

p
eratu

re, p
ressu

re, an
d
 com

­ 
p
o
sitio

n
 and th

e chosen referen
ce state can be m

ade. T
he ap

p
ro

ach
 

used h
ere is as follo

w
s:

1. 
T

he p
artial m

olal volum
e of N

aC
l w

as o
b

tain
ed

 fro
m

 
a den­ 

sity
 te

m
p
e
ra

tu
re

 c
o
m

p
o
sitio

n
 

fu
n

ctio
n

 
fo

r 
th

e 
v

ap
o

r- 
satu

rated
 N

aC
l liquid phase.

2. 
T

he p
artial m

olal free en
erg

y
 of N

aC
l in th

e h
y

p
o

th
etical ideal 

1-m
olal 

liquid 
as 

a 
fu

n
ctio

n
 

of 
tem

p
eratu

re 
and 

p
ressu

re 
w

as obtained.

3. 
T

he dependence of th
e p

artial m
olal free en

erg
y

 of N
aC

l w
ith

 
com

position at co
n
stan

t tem
p

eratu
re and p

ressu
re w

as ob- 
tain

ed
.

4. 
T

he dependence of th
e p

artial m
olal free en

erg
y

 of N
aC

l w
ith

 
p

ressu
re at co

n
stan

t tem
p

eratu
re and com

position w
as ob­ 

tain
ed

.
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5. 
T

hen, u
sin

g
 th

e relatio
n8
2
=

 
 
 1

+
F

j ?
-  

(1)

th
e p

artial m
olal en

tro
p
y
 at tem

p
eratu

re, p
ressu

re, an
d

 com
­ 

p
o
sitio

n
 w

as calcu
lated

.
6. 

T
he p

artial m
olal en

th
alp

y
 of N

aC
l at tem

p
eratu

re, p
ressu

re, 
an

d
 com

position w
as o

b
tain

ed
 fro

m

(2)

E
ach

 of th
ese step

s is d
escrib

ed
 in fu

rth
er d

etail in th
e follow

­ 
in

g
 sections.

P
A

R
T

IA
L

 
M

O
L

A
L

 
V

O
L

U
M

E
 

O
F

 
N

a
C

l 
IN

 
T

H
E

 
L

IQ
U

ID

T
he p

artial m
olal volum

e of N
aC

l in th
e b

in
ary

 liq
u
id

 
sy

stem
 

is given by eq
u
atio

n
 3.

(c
m

'm
o

l-
1) 

(3
)

w
h

ere V
L is th

e volum
e of th

e liq
u
id

 co
n

tain
in

g
 a to

tal of one m
ole 

of m
olecules. 

T
he term

 
N

L 
is th

e m
ole 

fractio
n

 
of 

N
aC

l 
in 

th
e 

liq
u

id
 p

h
ase an

d
 is given by eq

u
atio

n
 4 in term

s of x, th
e m

o
lality

 
of th

e solution, 
c

W
 =

  
 
 
 -  
 
 
 
 

(4) 
1000/17! +

 x

W
l is th

e m
olecu

lar w
eig

h
t of H

20
. 

T
he m

olal volum
e 

V
L of an 

x
 m

olal liq
u

id
 of d

en
sity

 d
 is given by eq

u
atio

n
 5.

d 
1000/W

i +
 a;

T
he p

artial m
olal volum

e of N
aC

l, F
f , w

as o
b
tain

ed
 by u

sin
g
 

eq
u
atio

n
s 3 th

ro
u
g
h
 

5, given 
h
ere, th

e 
eq

u
atio

n
s 

fo
r 

d
en

sity
 

of 
th

e liq
u
id

 p
h

ase in th
e p

reced
in

g
 rep

o
rt 

(H
aas, 1976, eq

u
atio

n
s 7 

th
ro

u
g

h
 10) , an

d
 stan

d
ard

 an
aly

tical tech
n

iq
u

es.
F

ig
u
re 1 show

s th
e p

artial m
olal volum

e of N
aC

l in th
e liquid 

at co
n

stan
t com

position. T
he co

n
to

u
r in

terv
al is 5 w

t p
ercen

t N
aC

l.

T
H

E
 

P
A

R
T

IA
L

 
M

O
L

A
L

 
F

R
E

E
 

E
N

E
R

G
Y

 
O

F
 

N
a
C

l 
IN

 
T

H
E

 
L

IQ
U

ID

F
ig

u
re 2 show

s g
rap

h
ically

 th
e ro

u
te w

hich w
as tak

en
 th

ro
u

g
h

 
tem

p
eratu

re-p
ressu

re-co
m

p
o

sitio
n

 
space 

to
 

o
b
tain

 
th

e 
p

artial 
m

olal free en
erg

y
 at an

 arb
itrary

 tem
p

eratu
re, p

ressu
re, an

d
 com

­ 
position (p

o
in

t D
) 

fro
m

 th
e referen

ce state at 0.01° C
 

(p
o
in

t A
).
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N
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O
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O
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U
T
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N

S
B

7

u
j 

75.00
 i 
oS£

 
50.00

C
O

L
U

 
D

C
.

j
 

25.00
P^zL

U

o
 

0.00
C

O

^>
 

o-
 -25.00

L
U

S
 

 =
>

5
 
-5

0
.0

0
 

|
 

  

^
 

-7
5

.0
0

:-100.00

L
iq

u
id

75.00 
100.00 

125.00 
150.00 

175.00 
200.00 

225.00 
250.00 

275.00 
300.00 

325.00 
TEM

PER
ATU

R
E, IN

 
D

EG
R

EES 
C

ELSIU
S

FIG
U

R
E 1

. T
h
e
 p

artial m
olal volum

e o
f N

aC
l in th

e liq
u

id
 p

h
ase fo

r v
ap

o
f- 

satu
rated

 
N

aC
l 

solutions 
fro

m
 

0 
w

t 
p
ercen

t 
to

 
h

alite 
satu

ratio
n
 

betw
een 

80° 
and 

325° 
C

. 
T

h
e 

co
n

to
u

r in
terv

al 
is 

5 
w

t p
ercen

t N
aC

l. 
T

he 
stip

p
led

 
zone w

as calculated by th
e ex

trap
o

latio
n

 of th
e fu

n
ctio

n
s given 

in th
e tex

t.

S
teps 2, 3, an

d
 4 in th

e synopsis above co
rresp

o
n

d
 to th

e segm
ents 

A
B

, B
C

, and C
D

 on th
e figure.

S
tep 2 of th

e ap
p

ro
ach

, given in th
e section en

titled
 "S

y
n
o
p
sis 

of th
e th

eo
retical ap

p
ro

ach
," involved th

e d
eriv

atio
n

 of a p
artial

m
olal free en

erg
y

 fu
n

ctio
n

 fo
r aqueous 

N
aC

l, 
A

G
2 

(A
B

), 
in 

th
e 

h
y
p

o
th

etical ideal liquid solution of u
n

it m
olality, th

a
t is, 

in th
e 

solute sta
n
d
a
rd

 state, relativ
e to th

e re
fe

re
n
c
e
-sta

te
 p

artial m
olal

free 
en

erg
y
 
at 

th
e 

trip
le 

p
o
in

t 
w

h
ere 

G
2 

is 
defined 

to 
be 

0.0 
J m

o
l"

1.1 T
o accom

plish th
is, co

n
sid

er h
ere th

e in
terrelatio

n
s be­ 

tw
een free energy, tem

p
eratu

re, p
ressu

re, en
tro

p
y

, en
th

alp
y
, h

eat 
cap

acity
, an

d
 p

artial m
olal volum

e. 
B

y 
u
sin

g
 
eq

u
atio

n
s 

1 
and 

2 
an

d
 th

e relatio
n
 betw

een en
th

alp
y

 and h
eat cap

acity
, eq

u
atio

n
s 6 

th
ro

u
g
h
 8 w

ere derived.

1 A
s 

u
sed

 
in

 
th

is 
rep

o
rt, 

th
e
 

re
fe

re
n

c
e
 

sta
te

 
fo

r
 

a
 

ch
em

ica
l 

sp
e
c
ie

s 
is 

a
n

 
a
r
b

itr
a
r
ily

 
ch

o
sen

 
sin

g
le

 
p

o
in

t 
o
n

 
th

e
 

te
m

p
e
r
a
tu

r
e
, 

p
r
e
ssu

r
e
, 

a
n

d
 

c
o
m

p
o
sitio

n
 

sc
a
le

s 
w

h
ic

h
 

is 
ta

k
e
n

 
a
s 

th
e
 

zero
 

p
o
in

t 
fo

r
 

th
e
 

e
n

e
r
g

y
 

sc
a
le

. 
T

h
a
t 

is. 
th

e
 

th
e
r
m

o
c
h

e
m

ic
a

l 
p

a
ra

m
etei's 

o
f 

fr
e
e
 

e
n

e
r
g
y
, 

e
n

th
a
lp

y
, 

a
n

d
 

e
n

tr
o

p
y

 
a
r
e
 

d
efin

ed
 

to
 

b
e 

zero
 

a
t 

th
is 

p
o
in

t. 
In

 
c
o

n
tr

a
st, 

a
s 

u
sed

 
h

ere 
(a

n
d

 
a
lso

 
a
s 

in
 

m
a
n

y
 

a
p

p
lic

a
tio

n
s 

in
 

a
q

u
eo

u
s 

c
h

e
m

istr
y
), 

th
e
 

sta
n

d
a
rd

 
sta

te
 

fo
r
 

a
 

d
isso

lv
ed

 
co

m
­ 

p
o
u

n
d

 
in

 
H

^
O

 
is 

ta
k

e
n

 
a
s 

th
e
 

h
y
p

o
th

e
tic

a
l 

id
ea

l 
liq

u
id

 
so

lu
tio

n
 

o
f 

u
n

it 
m

o
la

lity
 

a
t 

th
e
 

te
m

p
e
r
a

tu
r
e
 

a
n

d
 

p
r
e
ssu

r
e
 

o
f 

th
e
 

v
a

p
o

r
-sa

tu
r
a

te
d

 
p

u
r
e
 

H
^

O
 

liq
u

id
. 

In
 

th
is 

sta
n

d
a
rd

 
sta

te
, 

th
e
 

p
a
r
tia

l 
m

o
la

l 
fr

e
e
 

e
n

e
r
g
y
, 

e
n

th
a
lp

y
, 

a
n

d
 

h
e
a

t 
c
a
p

a
c
ity

 
o

f 
th

e
 

d
isso

lv
ed

 
co

m
p

o
u

n
d

 
is 

th
e
 

sa
m

e
 

a
s 

th
a
t 

fo
r
 

th
e
 

in
fin

ite
ly

 
d

ilu
te

 
rea

l 
so

lu
tio

n
. 

T
h

e
 

a
d

v
a

n
ta

g
e
 

o
f 

a
 

sta
n

d
a
r
d

 
sta

te
 
.in

 
a
q

u
eo

u
s 

c
h

e
m

istr
y
 

is 
th

a
t 

it 
a
llo

w
s 

c
o
r
r
e
la

tio
n

s 
o

f 
p

r
o

p
e
r
tie

s 
a
s 

a
 

fu
n

c
tio

n
 

o
f 

c
o
m

p
o
sitio

n
 

a
t 

c
o

n
sta

n
t 

te
m

p
e
r
a
tu

r
e
 

a
n

d
 

p
r
e
ssu

r
e
, 

w
h

e
r
e
a
s 

a
 

re
fe

re
n

c
e
 

sta
te

 
is 

n
e
c
e
ssa

r
y
 

w
h

e
n

 
co

rrela
­ 

tio
n

s 
o
r 

c
a

lc
u

la
tio

n
s 

in
 

te
m

p
e
r
a

tu
r
e
-p

r
e
ssu

r
e
-c

o
m

p
o

sitio
n

 
sp

a
c
e
 

a
re 

b
e
in

g
 

m
a
d

e.
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350

0 
2 

4 
6 

8 
10 

12 
C

O
N

C
EN

TR
ATIO

N
, IN

 
M

O
LES

FIG
U

R
E

 
2
. T

e
m

p
e
ra

tu
re

 p
re

ssu
re

 c
o

n
c
e
n

tra
tio

n
 

d
iag

ram
 

fo
r 

th
e 

v
ap

o
r- 

liq
u

id
 coexistence su

rface of th
e H

20
 N

a
C

l 
sy

stem
 betw

een 
80° 

and 325° 
C

. 
T

h
e 

su
rface 

is contoured 
both 

in 
tem

p
eratu

re 
(50° 

in
terv

als) 
an

d
 con­ 

cen
tratio

n
 

(1-m
olal in

terv
als). 

T
he co

n
cen

tratio
n

 co
n

to
u

rs are tru
n
cated

 by 
th

e focus o
f th

e th
ree-p

h
ase coexistence 

liq
u
id

 v
a
p

o
r h

a
lite

 
at h

ig
h

 
con­ 

cen
tratio

n
s. 

T
h

e b
lan

k
 
v

ertical 
plane betw

een 
250° 

and 
300° 

C
 

rep
resen

ts 
an

 arb
itrary

 iso
th

erm
 upon w

hich lie th
e p

o
in

ts B
, 

C
, an

d
 
D

 and th
e h

eav
y
 

solid lines co
n
n
ectin

g
 them

. 
S

teps 2, 3, and 4 of th
e chosen ap

p
ro

ach
 

rep
re­ 

sen
t 

th
e 

te
m

p
e
ra

tu
re

 p
re

ssu
re

 c
o
m

p
o
sitio

n
 

p
ath

s 
A

B
, 

B
C

, 
and 

C
D

, 
re­ 

spectively, 
alo

n
g
 

w
hich 

p
artial 

m
olal 

free 
en

erg
y

 
fu

n
ctio

n
s 

w
ere 

so
u

g
h

t. 
T

he com
bination of th

ese fu
n
ctio

n
s th

en
 gives th

e p
artial m

olal free en
erg

y
 

o
f N

aC
l 

at th
e arb

itrary
 

p
o
in

t 
D

 
relativ

e to 
th

e 
referen

ce 
state 

at 
A

, 
th

e 
trip

le p
o

in
t of p

u
re H

20
.

(6)

(7
)

.=
 -T

-
(8

)

In
tern

al 
co

n
sisten

cy
 

d
em

an
d
s 

th
at 

an
y

 
free-en

erg
y

 
fu

n
ctio

n
 

m
u
st satisfy

 th
e 

above relatio
n

s 
an

d
 th

e 
av

ailab
le 

d
ata 

fo
r 

th
e 

h
y
p
o
th

etical 
ideal 

1-m
olal 

solution. 
T

he 
av

ailab
le 

d
ata 

w
ere



N
a
d
 

C
O

M
P

O
N

E
N

T
 

IN
 

B
O

IL
IN

G
 

N
aC

l 
S

O
L

U
T

IO
N

S
B

9

ev
alu

ated
, 

su
b
ject 

to 
th

e.ab
o

v
e 

co
n
strain

ts, 
by 

use 
of 

a 
com

­ 
p

u
terized

 alg
o
rith

m
 described by H

aas an
d
 F

ish
er 

(1
9
7
6
).

T
he d

ata used in th
e ev

alu
atio

n
 are as follow

s. F
o

r th
e p

artial 
m

olal volum
e of dissolved N

aC
l, th

e fu
n

ctio
n

 given in th
e p

rev
io

u
s 

section w
as used. 

D
ata fo

r th
e relatio

n
s betw

een h
alite an

d
 

dis­ 
solved N

aC
l and fo

r dissolved N
aC

l, all in th
eir stan

d
ard

 states, 
w

ere tak
en

 fro
m

 th
e follow

ing referen
ces:

R
e
fe

re
n

c
e

C
om

m
ittee on D

ata fo
r 

Science and T
echnology 

(1973a).

L
ikke and B

rom
ley 

(1973) 
__ 

C
riss and C

obble 
(1961) 

_
_
 

G
ardner and others 

(1969) __ 
L

iu and L
indsay 

(1972) 
____

D
a
ta

 ty
p
e

S
i 

(298.15K
)

A
G

». i 
(298.15K

) 
o

O
p

, 
2

A
//°[halite=

:N
aC

l(aq)] 
A

H
°[h

alite=
N

aC
l(aq

)] 
log K

°[h
alite=

N
aC

l(aq
)]

N
u
m

b
e
r 

T
e
m

p
e
ra

-
o
f 

tu
re

o
b

serva
- 

ra
n
g
e

tio
n
s 

(°C
)

11713310

2525

80-200
0-95

114-200
75-300

S
tull and P

rophet (1971) 
_

 
C

P, S
, 

(H
r
-H

 ) 
[halite]

T
abulated data,

100° 
intervals,

25-727.

T
he p

artial m
olal free en

erg
y

 of th
e h

y
p

o
th

etical ideal 1-m
olal 

solution as a fu
n

ctio
n

 of tem
p

eratu
re is given by eq

u
atio

n
 9

; th
e 

co
n

stan
ts 

are 
tab

u
lated

 
in 

th
e 

section 
en

titled
 

"E
m

p
irical 

con­ 
stan

ts used in th
e tex

t and th
e calcu

latio
n
s."

&
G

2L
(A

B
)=

g
0(

T
-
T

 In T
-2

7
3
.1

6
 +

 273.16 In 273.16)
-5

r1(2l2-2
7
3
.1

6
2)

-flf2(l/2
r-l/2

x
2
7
3
.1

6
)

-0
3(r-2

7
3
.1

6
) 

(Jm
o

l-
1) 

(9)

T
he p

ro
ced

u
re of H

aas an
d

 F
ish

er (1976) 
uses 25° C

 
(298.15K

) 
as th

e referen
ce tem

p
eratu

re. T
h

erefo
re, th

e free-en
erg

y
 fu

n
ctio

n
 

h
as been co

rrected
 to reflect th

e sh
ift in th

e referen
ce tem

p
eratu

re 
to 0.01° C

 (273.16K
) fo

r use here.
S

tep 3 of th
e chosen ap

p
ro

ach
 fo

r d
eriv

in
g

 th
e th

erm
o

ch
em

ical 
fu

n
ctio

n
s req

u
ires th

e d
escrip

tio
n
 of th

e ch
an

g
e in th

e free en
erg

y

w
ith

 co
n
cen

tratio
n
, A

G
2J(5

C
), at co

n
stan

t tem
p

eratu
re an

d
 p

res­ 
sure. T

his dependence is given by eq
u
atio

n
s 10 an

d
 11.

(10)
(11)

w
h

ere R
 is th

e m
o
lar gas co

n
stan

t and a
2 and y are th

e activ
ity

 
an

d
 

activ
ity

 
coefficient, 

respectively, 
fo

r 
th

e 
dissolved 

N
aC

l 
at 

p
o
in

t 
C

 relativ
e to th

e 
stan

d
ard

 
state, 

th
e h

y
p

o
th

etical 
ideal 

1-



B
IO

 
P

R
E

L
IM

IN
A

R
Y

 
S

T
E

A
M

 
T

A
B

L
E

S
 

F
O

R
 
N

a
d

 
S

O
L

U
T

IO
N

S

m
olal solution, p

o
in

t B
. L

iu arid L
in

d
say

 
(1972) 

gave th
e follow

­ 
in

g
 eq

u
atio

n
s fo

r th
e tem

p
eratu

re an
d

 co
n
cen

tratio
n
 dependence 

of In y at th
e v

ap
o
r-satu

ratio
n
 p

ressu
re fo

r p
u
re H

20
.

ln
y

=
 

~
aX

A
 

+
 2

B
x +

 -C
x

2 
(12)

2

B
, 

C
, an

d
 £ are seco

n
d

-o
rd

er p
o
ly

n
o
m

ials in
 tem

p
eratu

re 
an

d
 « 

is th
e D

ebye-H
iickel lim

itin
g
 slope :

1
13/2 

 
 ̂

 
^

 
 

(1
3
)

|~
2.33752-10

4T
 

lA
  
 
 
 
 
 
 
 

L 
D

T
 

J
T

he term
 d

0 is th
e d

en
sity

 of p
u

re H
20

 and, fo
r use in th

is calcula­ 
tio

n
, d

0 is d
escrib

ed
 by :

do =
 1.00157 -

 1.56096   W
~

*
t -

 2.69491   1
0
-°i2 

(g cm
-

3)(14)

T
h

e term
 D

 is th
e d

ielectric co
n

stan
t fo

r p
u

re H
20

 as g
iv

en
 by 

th
e A

kerlof eq
u
atio

n
 :

5321
'+

2
3

3
.7

6
-0

.9
2

9
7

 T
 +

 1.417  1
0

-
37T2-8

.2
9

2
-1

0
-T

3 
T

(15)

T
he fu

n
ctio

n
s fo

r B
, C

, an
d

 /J are, resp
ectiv

ely
,

(16)

(17)

(18)

T
he co

n
stan

ts B
it C

it an
d

 fa
 are given in th

e section en
titled

 "E
m

­ 
p

irical co
n

stan
ts used in th

e tex
t an

d
 calcu

latio
n
s."

S
tep 4 of th

e chosen ap
p
ro

ach
 fo

r d
eriv

in
g
 th

e th
erm

o
ch

em
ical 

fu
n
ctio

n
s 

req
u

ires 
th

e 
d
escrip

tio
n
 

of 
th

e 
ch

an
g
e 

in 
th

e 
p

artial

m
olal free en

erg
y
 w

ith
 p

ressu
re, A

G
2 

(C
D

), at co
n

stan
t tem

p
era­ 

tu
re an

d
 com

position. B
asic th

erm
o

d
y

n
am

ic p
rin

cip
les state th

a
t 

th
e p

ressu
re dependence of free en

erg
y

 is :

-dG
 =

 V
-dp 

(19) 

T
h

erefo
re,

V
2

d
p

 
(20)

P
o

w
h

ere p
0 an

d
 p

 are th
e v

ap
o
r p

ressu
res of H

20
 an

d
 of th

e liq
u

id
 

solution, resp
ectiv

ely
. T

he dependence of th
e p

artial m
olal volum

e 
of dissolved N

aC
l w

ith
 p

ressu
re in th

e v
ap

o
r-ab

sen
t liq

u
id

 is un­ 

available, b
u
t th

e ch
an

g
e in V

2 
w

ith
 p

ressu
re is sm

all relativ
e to



N
aC

l 
C

O
M

P
O

N
E

N
T

 
IN

 
B

O
IL

IN
G

 
N

aC
l 

S
O

L
U

T
IO

N
S

B
ll

th
e to

tal m
ag

n
itu

d
e of th

is co
rrectio

n
. 

T
h

erefo
re, 

by n
eg

lectin
g

th
e p

ressu
re dependence of V

2
, eq

u
atio

n
 20 can be ap

p
ro

x
im

ated
 

by

&
G

%
 (C

D
) =

 V
2 

(
P

o
~

p
)
 

(2
1
)

In
 su

m
m

ary
, th

e p
artial m

olal free en
erg

y
 of aqueous N

aC
l at 

an 
arb

itrary
 tem

p
eratu

re, 
p

ressu
re, 

an
d

 com
position 

relativ
e 

to 
th

e referen
ce state a

t 0.01 °C
 

is given by 
su

m
m

in
g
 
eq

u
atio

n
s 

9, 
11, and 21.

G
2

=
*
G

2 
(A

B
)+

*
G

2
(B

C
)+

*
G

2
(C

D
) 

(Jm
o
l-

1) 
(22) 

F
ig

u
re 3 

show
s th

e p
artial 

m
olal 

free 
en

erg
y

 of 
N

aC
l 

in 
th

e 
liquid at co

n
stan

t com
position. T

he co
n
to

u
r in

terv
al is 5 w

t p
er­ 

cen
t N

aC
l.
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Y

 
O
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IN

 
T

H
E
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IQ
U

ID

T
he p

artial m
olal 

en
tro

p
y

 
at 

an 
arb

itrary
 
tem

p
eratu

re, 
p
res­ 

su
re, an

d
 com

position w
as calcu

lated
 u

sin
g

 eq
u

atio
n

 1:

 +
v>

-
(i)
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s
i
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TEM
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ATU
R
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DEG
REES 

C
ELSIU

S

FIG
U

R
E 

3
. T

h
e
 

p
artial 

m
olal 

free 
energy 

of 
N

aC
l 

in 
the 

liquid 
phase 

of 
vap

or-satu
rated N

aC
l 

solutions 
from

 
0 

w
t percent to 

halite 
saturation be­ 

tw
een 80° and 325° 

C
. T

he contour interval is 5 w
t percent N

aC
l. A

ll con­ 
to

u
rs betw

een 5 w
t percent and halite satu

ratio
n
 are system

atic. 
B

elow
 the 

5 w
t percent contour, there is a reversal in the free-energy function so th

at 
the p

artial m
olal free energy of aqueous N

aC
l at infinite dilution lies above 

the p
artial m

olal 
free energies of N

aC
l at g

reater concentrations. 
F

o
r de­ 

tails, one is referred to the tables. T
he shaded zone at concentrations g

reater 
th

an
 30 w

t percent and at tem
peratures g

reater th
an

 300° 
C

 contains 
data 

.that w
ere calculated by the extrapolation of the functions given in th

e text.



T
he term

w
as o

b
tain

ed
, 

an
aly

tically
, 

fro
m

 
eq

u
atio

n
 

22

above; th
e term

 
V

2 
w

as o
b
tain

ed
 fro

m
 eq

u
atio

n
 3

; an
d
 th

e term
 

'd
p
/'d

T
 w

as calcu
lated

 in th
e m

an
n
er d

escrib
ed

 in th
e section en­ 

titled
 "E

n
th

alp
y

 difference b
etw

een
 th

e g
as an

d
 th

e liquid at con­ 
stan

t liquid co
m

p
o
sitio

n
," of th

e p
reced

in
g

 rep
o

rt 
(H

aas, 1
9
7
6
).

F
ig

u
re 4 show

s th
e p

artial m
olal en

tro
p

y
 of N

aC
l in th

e liq
u
id

 
p
h
ase at co

n
stan

t com
position. T

he co
n

to
u

r in
terv

al is 5 w
t p

er­ 
cen

t N
aC

l.
T

he su
rface depicted on figure 4 is com

plicated as can be seen 
by th

e cro
sso

v
er of th

e co
n

cen
tratio

n
 co

n
to

u
rs as tem

p
eratu

re de­ 
creases. 

F
o
r 

d
etails, 

th
e 

read
er 

is 
referred

 
to 

th
e 

ap
p

ro
p

riate 
tab

les. T
he erratic b

eh
av

io
r of th

e co
n
to

u
rs n

ear 110° C
 is due to 

th
e use of tw

o sets of co
n

stan
ts to fit th

e em
p

irical term
 ft in th

e 
activ

ity
 coefficient eq

u
atio

n
 

(eq 
1
2
). 

T
h

is w
ill be 

discussed 
fu

r­ 
th

er in th
e section "R

eco
m

m
en

d
atio

n
s fo

r research
."
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T
he p

artial m
olal en

th
alp

y
 of N

aC
l w

as calcu
lated

 fro
m

 equa­ 
tio

n
 2 u

sin
g

 th
e p

rev
io

u
sly

 com
puted en

tro
p

y
 an

d
 free en

erg
y
 :

|
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C
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FIG
U

R
E

 4
. T

h
e
 p

artial m
olal en

tro
p
y
 of N

aC
l in th

e liq
u

id
 fo

r v
ap

o
r-satu

rated
 

N
aC

l 
so

lu
tio

n
s 

fro
m

 
0 

w
t 

p
ercen

t 
to

 
h

alite 
satu

ratio
n
 

betw
een 

80° 
and 

325° 
C

. 
T

h
e 

co
n

to
u

r 
in

terv
al 

is 
5 

w
t 

p
ercen

t 
N

aC
l. 

T
h

e 
inflection 

n
ear 

110° 
C

 is due to th
e use o

f tw
o sets of co

n
stan

ts to describe th
e fitted

 con­ 
stan

t 
/? 

in 
th

e 
activ

ity
 

coefficient 
eq

u
atio

n
. 

T
he 

su
rface 

is 
com

plex. 
M

ost 
o
f th

e ch
an

g
e 

in
 th

e p
artial 

m
olal 

en
tro

p
y
 w

ith
 ch

an
g

e 
in 

com
position 

oc­ 
cu

rs betw
een 0 and 5 w

t p
ercen

t. 
F

o
r d

etails, th
e read

er is 
referred

 to
 th

e 
tab

les.



B
1
3

F
ig

u
re 5 show

s th
e p

artial m
olal en

th
alp

y
 of N

aC
l in th

e liquid 
phase at co

n
stan

t com
position. T

he co
n
to

u
r in

terv
al is 5 w

t p
er­ 

cen
t N

aC
l. T

he erratic b
eh

av
io

r in th
e co

n
to

u
rs n

ear 
110°C

 
are 

due to th
e use of tw

o sets of co
n

stan
ts to fit th

e em
p

irical term
 

ft 
in 

th
e 

activ
ity

 
coefficient equation 

(eq 
1

2
). 

T
his 

w
ill 

be 
dis­ 

cussed fu
rth

er in th
e section "R

ecom
m

endations fo
r research

."
'jr
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E

T
he available ex

p
erim

en
tal d

ata fo
r th

e co
n

cen
tratio

n
 of N

aC
l 

in th
e gas phase do n

o
t p

erm
it th

e estim
atio

n
 of th

e p
artial m

olal 

q
u
an

tities of N
aC

l in th
e g

as phase.
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5
. T

h
e
 
p
artial 

m
o
lal 

en
th

alp
y
 o

f 
N

aC
l 

in
 
th

e 
liq

u
id

 
fo

r 
v
ap

o
r-satu

­ 
rated

 
N

aC
l 

so
lu

tio
n
s 

fro
m

 
0 

w
t 

p
ercen

t 
to 

h
alite 

satu
ratio

n
 

b
etw

een
 

80° 
an

d
 

325° 
C

. 
T

h
e co

n
to

u
r in

terv
al 

is 
5 w

t 
p

ercen
t N

aC
l. 

T
h
e 

inflection 
n
e
a
r 

110° 
C

 
is due to

 th
e u

se of tw
o
 
sets o

f co
n
stan

ts 
to

 
d
escrib

e th
e 

fitted
 

con­ 
sta

n
t 

/? 
in 

th
e 

activ
ity

 
coefficient 

eq
u
atio

n
. 

T
h
e 

sh
ad

ed
 

area 
co

n
tain

s 
d

ata 
th

a
t 

w
ere 

calcu
lated

 
b
y
 

th
e 

ex
trap

o
latio

n
 

of 
th

e 
fu

n
ctio

n
s 

g
iv

en
 

in 
th

e 

tex
t.
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P
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S
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IN

 
T

H
E

 
H

2O
-N

a
C

l 
S

Y
S

T
E

M

T
he m

olal p
ro

p
erties of th

e liq
u
id

 an
d

 g
as p

h
ases in th

e H
20

- 
N

aC
l system

 can be calcu
lated

 
read

ily
 fro

m
 th

e th
erm

o
ch

em
ical 

d
ata fo

r N
aC

l th
a
t w

ere fo
rm

u
lated

 h
ere, an

d
 fo

r H
20

 th
a
t w

ere 
given in th

e p
reced

in
g
 rep

o
rt 

(H
aas, 

1
9
7
6
). 

T
he fo

rm
u
latio

n
 is 

id
en

tical fo
r all m

olal q
u

an
tities:

'Q
=

 (l N
*
)Q

i+
N

*
Q

*
 

(23) 

w
h

ere Q
 is th

e q
u

an
tity

 of in
terest 

(volum
e, 

en
tro

p
y

, en
th

alp
y

) 
an

d
 

N
*
 

is 
th

e 
m

ole 
fractio

n
 

of 
N

aC
l 

in 
p
h
ase 

$. 
In

 
th

e 
liq

u
id

 
p

h
ase, th

e m
ole fractio

n
 

of 
N

aC
l 

w
as 

calcu
lated

 
fro

m
 
th

e con­ 
cen

tratio
n
 by u

sin
g
 eq

u
atio

n
 4. In

 th
e g

as p
h
ase, th

e av
ailab

le d
ata
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E 6

. T
h
e
 m

olal volum
e of liq

u
id

 solutions in th
e H

oO
-N

aC
l sy

stem
 fro

m
 

0 w
t p

ercen
t N

aC
l to

 h
alite 

satu
ratio

n
 

betw
een 

80° 
and 

325° 
C

. 
T

h
e 

con­ 
to

u
r 

in
terv

al 
is 

5 
w

t 
p
ercen

t 
N

aC
l. 

A
s 

is 
obvious 

fro
m

 
th

e 
cro

ssin
g

 
of 

co
n
to

u
rs, th

e su
rface is com

plex. 
F

o
r d

etails, 
th

e read
er 

is 
referred

 
to th

e 
tables.



N
aC

l 
C

O
M

P
O

N
E

N
T

 
IN

 
B

O
IL

IN
G

 
N

aC
l 

S
O

L
U

T
IO

N
S

B
15

do n
o
t p

erm
it th

e estim
atio

n
 of th

e m
ole fractio

n
 

of 
N

aC
l w

ith
 

any precision. 
H

ow
ever, th

e m
ole fractio

n
 of N

aC
l 

in th
e gas is 

sm
all, b

ein
g
 less th

an
 or equal to 

1
0
-° 

in 
m

ost of th
e tem

p
era­ 

tu
re

 p
re

ssu
re

 c
o

m
p

o
sitio

n
 space covered in th

is rep
o
rt. T

h
ere-

ci 
f1

fo
re, th

e q
u
an

tity
 
N

 
Q

2 
w

as 
neglected, and 

th
e th

erm
o

d
y

n
am

ic 
p
ro

p
erties of th

e g
as w

ere assum
ed to be th

e sam
e as th

e th
er- 

m
ochem

ical p
ro

p
erties of p

u
re H

^O
 at th

e tem
p

eratu
re and p

res­ 
su

re of th
e solution.

F
ig

u
re 6 show

s th
e m

olal volum
e of th

e liquid phase. T
he con­ 

to
u
r in

terv
al is 5 w

t p
ercen

t N
aC

l.
F

ig
u

res 7 and 8 show
 th

e m
o
lar en

tro
p
y
 and th

e gas at com
­ 

position of N
aC

l in th
e liquid. T

he co
n
to

u
r in

terv
al 

is 5 w
t p

er­ 
cent N

aC
l co

n
tain

ed
 in th

e liquid phase.
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p
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n
 

of th
ese 

p
relim
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ary
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tab

les, 
several 

areas 
w

h
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can 

im
prove 

th
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p
recisio

n
 

and 
accu
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w
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. T

h
e
 

m
olal 

en
tro

p
y

 of th
e 

g
as 

and 
the 

liquid 
phases 

in 
th

e 
H

-0
- 

N
aC

l 
system

 
fro

m
 

0 
w

t 
p

ercen
t 

N
aC

l 
to

 
h

alite 
satu

ratio
n
 

in 
th

e 
liquid 

p
h

ase betw
een 80° 

and 
325° 

C
. 

T
he contour in

terv
al 

is 
5 w

t p
ercen

t 
N

aC
l 

in 
th

e 
liquid. 

T
he 

shaded 
area 

contains 
d
ata 

th
at 

w
ere 

calcu
lated

 
by 

th
e 

ex
trap

o
latio

n
 of fu

n
ctio

n
s given 

in th
e tex

t. 
T

he 
b
u
n
ch

in
g
 o

f the 
contours 

betw
een 

300° 
and 325° 

C
 

is m
ost probably due to 

an 
artifact 

in the 
equa­ 

tions w
hich is ex

ag
g
erated

 w
hen th

e p
artial m

olal en
tro

p
y
 of aqueous 

N
aC

l 
is calculated.

L
iq

u
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. 
T

h
e
 m

olal 
en

th
alp

y
 
o
f th

e 
g

as 
an

d
 
th

e 
liq

u
id

 
p
h
ases 

in
 
th

e 
H

^O
- 

N
aC

l 
sy

stem
 fro

m
 

0 
w

t p
ercen

t to
 h

alite 
satu

ratio
n

 in
 
th

e liq
u

id
 
p

h
ase 

b
e­ 

tw
een

 
80° 

an
d
 

325° 
C

. 
T

h
e 

co
n

to
u

r 
in

terv
al 

is 
5 

w
t 

p
ercen

t 
N

aC
l 

in
 

th
e 

liq
u
id

 
p

h
ase. 

T
h
e 

sh
ad

ed
 

area 
co

n
tain

s 
d

a
ta

 
th

a
t 

w
ere 

calcu
lated

 
by 

th
e 

ex
trap

o
latio

n
 

o
f 

fu
n

ctio
n

s 
g

iv
en

 
in

 
th

e tex
t. 

T
h
e 

b
u
n
ch

in
g
 o

f 
th

e 
co

n
to

u
rs 

b
etw

een
 

300° 
.and 

325° 
C

 
is m

o
st 

p
ro

b
ab

ly
 

due 
to 

an
 
a
rtifa

c
t 

in 
th

e 
eq

u
a­ 

tio
n

s w
h
ich

 is ex
ag

g
erated

 w
h
en

 th
e p

a
rtia

l m
o
lal en

th
alp

y
 o

f aq
u
eo

u
s 

N
aC

l 
is calcu

lated
.

noted. T
he m

ost obvious place fo
r im

p
ro

v
em

en
t is th

e d
escrip

tio
n
 

of In y, th
e activ

ity
 coefficient fo

r aqueous 
N

aC
l. 

U
se of sev

eral 
eq

u
atio

n
s to describe ft in th

e activ
ity

 coefficient fu
n

ctio
n

 
(eq 12) 

is acceptable as long as th
e d

eriv
ativ

e is n
o
t needed. H

ow
ever, th

is 
w

as n
o
t th

e situ
atio

n
 in th

ese steam
 tab

les w
h
ere en

tro
p

y
 is cal­ 

cu
lated

 fro
m

 eq
u

atio
n
 1:

-
r
 

T
 

K
  >

(
1
)

T
he term

w
as o

b
tain

ed
 fro

m
 eq

u
atio

n
 22 as follow

s :

2 
(A

B
)

^ (C
D

) 
(24)

T
he tak

in
g

 of th
e p

artial d
eriv

ativ
e fo

r th
e first term

 is th
er-

m
odynam

ically 
sound, 

because 
A

G
,' 

(A
B

) 
w

as 
ev

alu
ated

 
u

sin
g

 
eq

u
ilib

riu
m

 co
n
stan

ts, en
tro

p
ies, h

eats of solution, h
eat cap

acities, 
an

d
 p

artial m
olal volum

es. W
h
ereas th

e fu
n

ctio
n

 is em
p
irical, th

e 
fu

n
ctio

n
 an

d
 its p

artial 
d

eriv
ativ

es are 
co

n
sisten

t w
ith

 
th

erm
o

- 
dynam

ic th
eo

ry
.
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B
1
7

N
o
t so fo

r th
e second term

 3A
G

 
(B

C
) fo

T
. W

hen L
iu an

d
 L

ind- 
say 

(1972) 
ev

alu
ated

 
th

e 
osm

otic 
coefficient 

an
d
 

activ
ity

 
coeffi­ 

cien
t d

ata, 
no co

n
strain

ts 
w

ere 
im

posed 
except th

at 
th

e 
D

ebye- 
H

iickel lim
itin

g
 slope be obeyed. A

n im
proved ev

alu
atio

n
 of In y 

u
sin

g
 th

e av
ailab

le h
eats of solution of h

alite an
d
 th

e h
eat capaci­ 

ties of aqueous N
aC

l w
ould elim

in
ate th

e obvious discordance in 
th

e d
ata at ab

o
u
t 110°C

 as show
n on figures 4 and 5.

T
he o

th
er problem

 is th
e d

en
sity

 and th
erefo

re th
e p

artial m
olal 

volum
es of H

20
 

and 
N

aC
l. 

T
he 

av
ailab

le 
ex

p
erim

en
tal 

d
ata 

fo
r 

th
e 

H
20

  
 N

aC
l 

system
 

at 
tem

p
eratu

res 
above 

100°C
 

are 
poor. 

A
p
art fro

m
 im

p
recise ex

p
erim

en
tal 

m
ethods, m

ost ex
p

erim
en

tal 
tech

n
iq

u
es involved th

e 
use of eq

u
ip

m
en

t th
a
t w

as 
co

rro
d

ed
 

by 
th

e b
rin

e. T
he rep

o
rted

 d
en

sities included th
e effects of dissolved 

H
2 and m

etal ions. Im
p
ro

v
em

en
t in th

is area en
tails th

e rem
easu

re- 
m

en
t of d

en
sities in th

e H
20

  
 N

aC
l system

 w
ith

 an ex
p

erim
en

tal 
design th

at is both h
ig

h
ly

 accu
rate and free fro

m
 corrosion.

T
A

B
L

E
S

 
F

O
R

 
N

a
C

l 
S

O
L

U
T

IO
N

S

T
ables 

1 
th

ro
u
g
h
 

28 
give th

e 
tem

p
eratu

re, 
p

ressu
re, 

and 
th

e 
d
en

sity
 of th

e liquid at co
n
stan

t com
position and 5° 

in
terv

als be­ 
tw

een
 80° C

 (o
r at th

e 5° in
terv

al ju
st above h

alite satu
ratio

n
) and 

325° 
C

. 
T

he 
p
artial 

m
olal 

q
u
an

tities 
of 

volum
e, 

en
tro

p
y
, 

and 
en

th
alp

y
 fo

r N
aC

l in th
e liquid are given. 

T
he th

ird
 p

art of th
e 

tab
les gives th

e m
o
lar volum

e of th
e liquid and th

e m
o
lar en

tro
p
y
 

and m
o
lar en

th
alp

y
 of th

e liquid an
d

 th
e gas th

at coexists w
ith

 
th

e liquid.

T
ables 3, 6, 10, 13, 17, 21, an

d
 26 give d

ata at 5, 10, 15, 20, 25, 
30, and 35 w

t p
ercen

t N
aC

l, 
respectively. 

T
he o

th
er tab

les 
give 

th
e d

ata at in
terv

als of 0.5 m
ol N

aC
l/k

g
 H

20
 

(m
olal) .

T
ables 29 and 30 give th

e sam
e d

ata b
u
t at th

e given co
n
cen

tra­ 
tio

n
 on th

e h
alite satu

ratio
n

 eq
u
ilib

riu
m

 betw
een 80° an

d
 325° C

. 
T

able 29 is in co
n
cen

tratio
n
 u

n
its of w

t p
ercen

t N
aC

l and tab
le 30 

is m
ol N

aC
l/k

g
 H

20
.

T
he tab

les w
ere calcu

lated
 by u

sin
g
 th

e fu
n

ctio
n

s th
at are given 

in th
e p

reced
in

g
 section. T

he d
ata co

n
tain

ed
 in p

aren
th

eses w
ere 

calcu
lated

 by ex
trap

o
latio

n
 of th

e fu
n
ctio

n
s beyond th

eir ran
g
e.

A
 detailed an

aly
sis of th

e accu
racy

 and p
recisio

n
 of th

e tab
u

­ 
lated

 d
ata is n

o
t possible in th

is p
relim

in
ary

 rep
o
rt. H

aas 
(1976) 

discussed th
e accu

racy
 of th

e v
ap

o
r p

ressu
re, d

en
sity

, and volum
e 

d
ata fo

r th
e liquid and[ th

e g
as and of th

e p
artial m

olal q
u
an

tities 
fo

r H
aO

 (#!,<
$!, an

d
 

V
i) 

in th
e liquid and th

e gas. 
In p

rep
arin

g
 

th
is rep

o
rt, th

e follow
ing ad

d
itio

n
al eq

u
atio

n
s have been u

sed
:



B
1
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P
R

E
L

IM
IN

A
R

Y
 

S
T

E
A

M
 

T
A

B
L

E
S

 
F

O
R

 
N

aC
l 

S
O

L
U

T
IO

N
S

E
q

u
a

tio
n

 
P

ro
p
e
rty

 
S

o
u

rc
e

(9
) 

A
G

2(A
£

) 
T

h
is rep

o
rt.

(12) 
In 7 

L
iu

 and L
in

d
say

 (1972)

A
ssu

m
in

g
 th

at th
e JA

N
A

F
 d

ata fo
r h

alite 
(N

aC
l[c]) 

are w
ith

­ 

o
u
t erro

r 
(?

), th
e m

ax
im

u
m

 erro
r in A

G
2° (A

B
) 

is 200 J m
o
l-1. 

F
o
r th

e activ
ity

 coefficient eq
u

atio
n

, L
iu

 an
d

 L
in

d
say

 (1972) 
g

av
e 

n
o
 estim

ate of eith
er th

e accu
racy

 o
r p

recisio
n

. H
ow

ever, an an
al­ 

y
sis of th

e g
rap

h
ical d

ata w
hich th

ey
 su

p
p
lied

 in
d
icates th

a
t th

e 
m

ax
im

u
m

 erro
r in th

e activ
ity

 coefficients is less th
an

 0.003.
E

v
en

 h
av

in
g

 th
is in

fo
rm

atio
n

, an estim
ate of th

e erro
r in th

e

p
artial m

olal q
u
an

tities fo
r N

aC
l in th

e liq
u

id
 

(V
2

, H
2

, an
d
 S

2 ) 
can

n
o

t be m
ade because th

ese p
ro

p
erties w

ere calcu
lated

 in p
a
rt 

by th
e p

artial d
ifferen

tiatio
n
 of eq

u
atio

n
s 9 an

d
 12, above, as w

ell 
as o

th
er eq

u
atio

n
s cited by H

aas 
(1

9
7

6
).

In
 th

e tab
les, d

ata are given th
a
t h

av
e as m

an
y
 as six d

ig
its. 

T
h
is is p

articu
larly

 tru
e fo

r d
ata fo

r en
tro

p
y

 an
d
 en

th
alp

y
 w

h
ere 

m
o
st of th

e value rep
resen

ts th
e relativ

e difference in th
e p

ro
p
erty

 
b
etw

een
 T

 an
d
 0.01 °C

 an
d

 only a m
in

o
r p

art of th
e value is due to

 
ch

an
g
e 

in 
co

n
cen

tratio
n

. 
T

he 
n
u
m

b
er 

of 
d
ig

its 
rep

o
rted

 
in 

th
e 

tab
les is g

o
v
ern

ed
 by th

e need to
 h

av
e a reaso

n
ab

le reso
lu

tio
n
 in

 
th

e p
ro

p
erty

 w
hen sm

all ch
an

g
es in co

n
cen

tratio
n

 or tem
p

eratu
re 

are considered.
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Table 1. NaCl concentration: 0.0000 mol/kg H O 0.00 wt percent 0.000 mol percent

t
(°C)

80.
85. .
99.
95.

100.
105.
110.
115.
120.
125.
130.
1.35.
li*0.
1U5.

150.
155.
ICO.
1CS.
170.
175.
130.
185.
1'JO.
1U5.

' P

(bars)

0.1*71*
0.578
0.701
0.8U5

1.013
1.208
1.1*33
1.091
1.185
2.321
2.701
3.131
3.611*
it. 155

it. 760
5.U33
6.180
7.008
7.920
8.925

10.027
11.231*
12.552
13.'J89

dL

(g cm"3)

0.972
0.969
0.965
0.962

0.958
0.955
0.951
0.9U7
0.91*3
0.939
0.935
0.931
0.926
0.922

0.917
0.912
0.307
0.902
0.897
0.892
0.887
0.882
0.876
0.870

'a

(cm mol

17.91
17.61
17.29
16.91*

1C. 58
16.19
15.78
15.31*
11*. 87
11*. 38
13.8IJ
13.31
12.72
12.11

11.1*5
10.76
10.03
9.25
8.1*3
7.56
6. 6U
5.66
U. 62
3.52

saL
HJmol^-K"1 )

-21.806
-22.751*
-23.737
-2U. 762

-25.836
-26.966
-28.157
-29.U16
-30.7U5
-32.151
-33 . i.3L
-35.201*
-36.859
-38.602

-1*0.1*38
-1*2.367
-1*1*. 392
-1*6.516
-1*8.739
-51.061*
-53.1*92
-56.021*
-58.662
-61.U08

"a

(J mol" 1)

-6650. .
-6987.
-73U2.
-7716.

-8111*.
-853S.
-8991.
-9U76.
-9995.

-10551.
- 1 1 1  '. 5 .
-11781.
-121*60.
-13181*.

-13955.
-11*776.
-1561*7.
-16572.
-17550;
-18586.
-19679.
-20832.
-2201*7.
-23325.

V L

(cm. mol )

18.51*
18.60
18.66
18.73

18.80
18.87
18.9U
19.02
19. 10
19.19
1:1.27

19.36
19.U5
19.55

19.65
19.75
19.85
19.96
20.08
20.19
20.31
20.1*1*
20.56
20.70

S L

19.296
20.356
21.U05
22.1*1*3

23.1*69
21*. U80
25.1*79
26.1*67
27.1*1*1*
28.U09
29.365
30.311
31.2U8
32.177

33.097
31*. 009
31*. 911.
35.811
36.703
37.587
38.1*66
39.31*0
U0.208
U1.072

i S

(J mol" 1 K" 1

117.811*
115.53U
113.307
111.131

109.006
106.931
10U. 901
102.915
100.971
99.065
97.196
95.362
 J3.561
91.731

90.01*9
88.336
86.61*8
8>*. 981*
83.3U2
81.722
80.122
78.539
76.971*
75.U2U

sc

137.110
135.890
131*. 712
133.57U

132.1*75
131.1*11
130.381
129.382
128. 1*11*
127.U7I*
126.561
125.67U
121*. 809

r !23.967

123.11*6
122.3U5
121.561
120.795
120.01*5
119.310
118.588
117.879
117.182
116.U96

H L

6017.
6395.
6773.
7153.

7533.
791U.
8291*.
8676.
9058.
91*1*1.
9821*.

10209.
10595.
10982.

11370.
11759.
12150.
125U3.
12938.
1333U.
13732.
11(133.
11*536.
11*91*1.

AH

(J mol" 1 )

U1606.
1*1378.
1*111*8.
1*0913.

1*0676.
1*01*36.
1*0193.
399U7.
39697.
391*1*3.
39185.
38922.
38655.
38382.

38101*.
37821.
37531.
37236.
36933.
36621*.
36307.
35983.
35651.
35310.

HG

U762U.
1*7773.
1*7921.
1*8066.

1*8209.
1*831*9.
1*81*87.
1*8622.
U8751*.
U8883.
1*9009.
1*9131.
U92U9.
1*9361*.

U9U7I*.
1*9580.
1*9682.
1*9779.
1*9871.
1*9958.
500UO.
50116.
50186.
50250.

M
I I

3
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bd 
to

NaCl concentration: 0.5000 mol/kg H O 2.84 wt percent 0.893 mol percent

t
(°C)

80.
85.
00.
95.

100.
105.
110. 
115.
120.
125. 
130.
135.
1UO.
Id5.

150. 
155. 
100. 
165. 
170. 
175. 
180. 
185.
iao.
195.

P

(bar B)

O.dGS
0.568
0.689
0.831

0.996
1.187
l.dOS 
1.062
1.5151
2.281 
2.655
3.077
3.552
d.OSd

'4.079

5.3dl 
6. 076 
6.889 
7.786 
8.773 
9.857

12!3dO 
13.752

dL

(g cm" )

0.991
0.988
0.985
0.981

0.978
0.97d
0.971 
0.967
0.963
0.959 
0.955
0.951
0.9d7
0.9d2

0.938 
0.133 
0.928 
0.92d 
0.919 
0.91U 
0.009 
0.901* 
0.898 
0.893

V L

(cm mol

19.60
19.dl
19.21
18.99

18.76
18.51
18.21* 
17.95
17.65
17.32
lfi.97
16.60
16.21
15.79

ld!86 
11*. 36 
13.81 
13. 2d 
12.62 
11.97 
11.27 
10.53 

9.7U

s3L
^(Jmol^K"1 )

-1.021
-1.352
-1.693
-2.0d8

-2.d23
-2.822
-3.2U9 
-1.259
-2.032
-2.865 
-3.759
-d.718
-5.71*2
-6.83d

-7. 093 
-9.221 

-10.517 
-11.880 
-13.310 
-Id. SOU 
-16.360 
-17.977 
-19.6d9 
-21.37d

fif

(J mol" 1)

-5853.
-5981.
-6111*.
-6255.

-6d06.
-6567.
-67U1. 
-5999.
-631d.
-6656. 
-7028.
-71*31.
-7866.
-833d.

-8837. 
-9375. 
-9950. 

-10560. 
-11207. 
-11891. 
-12611. 
-13367. 
-Idl57. 
-Id981.

V L

(cm mol" )

18. 5d
18.60
18.66
18.72

18.79
18.86
18.93 
19.00
19.08
19.16 
19. 2d
19.33
19.1*1
19.50

19.60 . 
19.69 
19.79 
19.89 
20.00 
20.11 
20.22 
20.3d 
20. d6 
20.58

SL

19.232
20.277
21.311
22.335

23.3U8
2i».3d2
25.326 
26.320
27.278
28.225 
29.162
30.088
31.00d
31.911

32.808 
33.697 
3d. 579 
35.d52 
36.318 
37.177 
38.029 
38.876 
39.716 
dO.551

AS

(J mol" 1 K" 1)

118.028
115.763
113.552
111.392

109.279
107.223
105.210 
103.219
101. 29d
99.U08 
97.561
95.7d8
93.970
92.223

90.506 
88.818 
87.156 
85.519 
83.906 
82.315 
80.7dd 
79.192 
77.659 
76.1dl

sc

137.260
136. Odl
13U. 863
133.726

132.627
131.565
130.536 
129.539
128.572
127.63d 
126.722
125.836
12d.97d
12d.l3d

123.315 
122.515 
121.735 
120.971 
120. 22d 
119.1(92 
118.773 
118.068 
117.375 
116.693

HL

5903.
6275.
66U8.
7022.

7398.
7771.
81d6. 
8530.
8905.
9280. 
9655.

10032.
10d09.
10787.

11165.

11926! 
12308. 
12691. 
13075. 
13d62. 
1381*9. 
Id239. 
Id631.

AH

(J mol" 1 )

1*1723.
dlSOl.
1*1276.
dlOdS.

d0815.
1*0583.
d03d7. 
1*0099.

. 39857.
39611. 
39362.
39109.
38852.
38589.

38322. 
38050. 
37773. 
371*89. 
37200. 
3690d. 
36602. 
36293. 
35976. 
35651.

HG

U7626.
1*7776.
d792d.
d8070.

d8213.
U835U.
d8d93. 
d8629.
d8762.
d8891. 
1*9018.
d91dl.
1*9260.
d9376.

1*91)88. 
d9595. 
d9698. 
d9797. 
1*9891. 
d9980. 
5006U. 
501d2. 
50215. 
50282.

C/2

H 
H

Cd 
r 
M

Q
CO 
O
f 
d
Hi  i
O

CO



200.
205.
210.
215.
220.
225.
230.
235.
2i»0.
2i»5.

250.
255.
260.
265.
270.
275.
280.
285.
290.
295.

300.
305.
310.
315.
320.
325.

15
16
18
20
22
25
27
30
32
35

39
U2
1*6
50
5i»
58
63
67
73
78

81*
( 90
( 96
(103
(110
(118

.287

.953

.756

.705

.808

.071

.SOU

.111*

.911

.902

.098

.507

.138

.002

.108

.1*66

.088

.983

.163

.61)0

.1*26

.533)

.97U)

.763)

.91U).iii»i»)

0.887
0.882
0.876
0.870
0.86U
0.858
0.852
0.8U5
0.839
0.832

0.825
0.818
0.811
0.803
0.795
0.787
0.779
0.771
0.762
0.753

0.7UI*
0.731*
0.723
0.713
0.701
0.689

8.89
7.98
7.02
5.98
I*. 88
3.69
2.1*1
1.05

-0.1*3
-2.01

-3.72
-5.57
-7.57
-9.71*

-12.10
-11*. 68
-17.1*9
-20.57
-23.96
-27.70

-31.85
-36.U7
-1*1.65
-U7.U7
-51*. 08
-61.61*

-23
-21*
-26
-28
-30
-32
-31*
-36
-38
-UO

-1*1
-1*3
-1*5
-1*6
-1*7
-1*8
-1*9
-50
-50
-U9

-i»8
( -1*6
( -1*1*
( -1*0
( -35
( -29

.1U7

.963

.815

.695

.597

.509

.1*22

.323

.197

.028

.797

.1*82

.056

.1*01

.751

.793

.571

.021*

.081*

.665

.667

.96U)

.1*02)

.792)

.891*)

.1*08)

-15837.
-16723.
-17636.
-18571*.
-19532.
-20507.
-211*93.
-22U83.
-231*72.
-2U1* <»9.

-25UOU.
-26327.
-27201.
-28012.
-28737.
-29351*.
-2983U.
-3011*1.
-30235.
-30061*.

-29565.
( -28663.)
( -27261.)
( -2521*1.)
( -22U52.)
( -18701*. )

20.71
20.81*
20.98
21.12
21.27
21.U2
21.58
21.71*
21.91
22.09

22.27
22.1*7
22.67
22.88
23.10
23.31*
23.58
23.81*
21*. 11
21*. i»l

21*. 72
25.05
25.UO
25.79
26.20
26.66

U1.381
1*2.206
1*3.027
1*3.81*1*
Ui*. 657
I»5.U67
1*6.275
1*7.080

  1*7.883
1*8.685

1*9.1*85
50.286
51.087
51.888
52.691
53.1*97
5U. 305
55.118
55.937
56.762

57.596
( 58.1.1*1)
( 59.299)
( 60.173)
( 61.067)
( 61.985)

71*
73
71
/O
68
67
65
61*
63
61

60
58
57
55
51*
52
51
50
1*8
1*7

1*5
( 1*1*
( <*2
( 1*0
( 39
( 37

.639

.151

.075

.211

.756

.310

.871

.1*38

.009

.583

.158

.731*

.307

.877

.I*'i2

.999

.5U7

.083

.606

.111

.598

.061)

.1*99)

.905)

.276)

.606)

116.020
115.357
11'*. 702
111*. 055
113.U13
112.777
112.11*5
111.517
110.892
110.268

109.61*1*
109.020
108.391*
107.765
107.133
106.1*96
105.852
105.202
101*. 5U2
103.871*

103.191*
(102.503)
(101.798)
(101.078)
(100.31*3)
( 99.591)

1502U.
151*20.
15818.
16219.
16622.
17028.
171*37.
1781*9.
18265.
18685.

19109.
19537.
19970.
20U07.
20851.
21300.
21756.
22219.
22690.
23169.

23659.
( 21*160.)
( 21*671*. )
( 25203.)
( 2571*8.)
( 26315.)

35319.
3U977.
3U627.
31*268.
33898.
33519.
33128.
32726.
32311.
31881*.

311*1*3.
30987.
30517.
30030.
29525.
29003.
28U60.
27897.
27311.
26701.

26065.
( 251*01.)
( 21*706.)
( 23978.)
( 23213.)
( 221*07.)

5031*3.
50397.
50i*U5.
501*86.
50520.
5051*6.
50565.
50575.
50576.
50569.

50552.
50521*.
501*86.
50U37.
5037C.
50303.
50216.
50116.
50001.
1*9871.

1*9721*.
( 1*9561.)
( 1*9380.)
( 1*9180.)
( 1*8961.)
( 1*8722.)

o

o 
o

o 
2
M 
2 
H

bd 
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O
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NOTE. Data contained in parentheses were calculated by extrapolation of the functions beyond their range. w
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w
CO

Table

t
<°C)

80.
85.
90.
95.

100.
105.
110.
115.
120.
125.
130.
135.
11*0.
1U5.

150.
155.
1GO.
1C5.
170.
175.
180.
185.
190.
195.

3. NaCl concentration:

P

(bars)

O.U59
0.560
0.679
0.819

0.982
1.171
1.388
1.638
1.92U
2.2U9
2.618
3.03U
3.502
l».027

i».613
s!266
5.991
6.792
7.677
8.651
9.719

10.889
12.167
13.559

dL

(g cm"3)

1.006
1.003
1.000
0.996

0.993
0.989
0.986
0.982
0.978
0.97U
0.970
0.966
0.962
0.958

0.953
0.91*9
0.91*1*
0.91*0
0.935
0.930
0.925
0.920
0.915
0.910

V L

0.9006mol/kg H O '

^

(cm mol ) (J mol K )

20.17
20.02
19.86
19.69

19.50
19.30
19.08
18.85
18.60
18.33
18.01*
17.73
17.UO
17.05

16.67
16.27
15.81*
15.38
11*. 88
11*. 36
13.79
13.19
12.55
11.86

-10.305
-10.1*62
-10.621
-10.788

-10.967
-11.161
-11.372
-8.381
-9.001*
-9.683

-10.1*19
-11.215
-12.072
-12.991

-13.973
-15.018
-1C. 125
-17.292
-18.520
-19.80U
-21.11*1*
-22.531*
-23.972
-25.U52

' ^

(J mol" )

-5837.
-5905.
-5975.
-601*8.

-6128.
-6211*.
-6308.
-5186.
-51*1*1* .
-5727.
-6038.
-6377.
-67U5.
-711*1*.

-7575.
-8037.
-8533.
-9061.
-9622.

-10215.
-1081*0.
-111*95.
-12181.
-12891*.

V L

. 3 ,-l
(cm mol )

18.55
18.61
18.67
18.73

18.79
18. 8G
18.93
19.00
19.07
19.15
19.23
19.31
19.UO
19.1*8

19.57
19.66
1D.7C
19. 8G
19.96
20.06
20.17
20.28
20.39
20.51

5.00 wt percent

SL as s°

1 .597 mol percent

HL

(Jmor'K- 1 )

19.01*1*
20.080
21.105
22.120

23.121*
21*. 110
25.085
26.100
27.0U6
27.981
28.901*
29.817
30.719
31.611

32.1*91*
33.368
31*. 23U
35.091
35.9UO
36.782
37.617
38.UI»5
39.267
1*0.081*

118.339
116.083
113.881
111.730

109.628
107.580
105.577
103.566
101.651*
99.783
97.91*9
96.152
91*. 389
92.658

90.958
89.287
87.61*3
80.021*
81*. 1*30
82.858
81.308
79.777
78.265
76.770

137.382
136.163
131*. 986
133. C50

132.752
131.690
130.662
129.666
128.701
127.761*
126.853
125.969
125.108
121*. 270

123.1*52
122.f,55
121.376
121.115
120.370
119.61*1
118.925
118.223
117.533
116.851*

5816.
6181*.
6551*.
0925.

7298.
7668.
8039.
81*31.
8801.

.9171.
95U1.
9912.

10283.
10655.

11027.
ll'iOO.
1177U.
121U8.
12521*.
12901.
13279.
13658.
11*039.
11*1*22.

AH

(J mol" 1 )

1*1812.
1*1591*.
U1372.
1*11 U.7.

1*0919.
1*0690.
1*01*58.
1*0203.
39967.
39727.
39U81*.
39237.
38986.
38731.

38U72.
38207.
37938.
37663.
37383.
37097.
36801*.
36505.
36199.
35885.

HG

U7C28.
U777S.
1.7327.
U8073.

1*8217.
1*8358.
1*81*97.
1*8631*.
1*8767.
1*8898.
1*9025.
i»91U9.
1*9269.
1*9386.

U9U99.
1*9607.
U9712.
U3812.
1*9907.
1*9997.
50083.
50163.
50238.
50307.

H
f » i

S
HH 

2

W

Cdr1
M

65

Q
OQ 
O 
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200.
205.
210.
215.
220.
225.
230.
255.
2UO.
2U5.

250.
255.
260.
265.
270.
275.
280.
285.
290.
295.

300.
305.
310.
315.
320.
325.

15
16
18
20
22
2U
27
29
32
35

38
i»l
US
1*9
53
57
62
67
72
77

83
( 89
( 95
(102
(109
(116

.073

.715

.U93

.U15

.1*87

.718

.116

.689

.1*1*6

.395

.5U U

.901*

.1*83

.290

.336

.631

.181*

.007

.110

.505

.203

.218)

.561)

.2U5)

.286)

.697)

0.90U
0.899
0.893
0.888
0.882
0.876
0.870
0.861*
0.857
0.851

0.81*1*
0.837
0.830
0.823
0.816
0.808
0.801
0.793
0.781*
0.776

0.767
0.757
0.71*8
0.738
0.727
0.716

11.13
10.31*
9.1*9
8.59
7.62
6.58
5.U6
U.25
2.95
1.55

0.03
-1.60
-3.38
-5.31
-7.1*1
-9.69

-12.20
-1U. 91*
-17.96
-21.29

-21*. 98
-29.09
-33.68
-38.85
-i»i». 70
-51.36

-26.
-28.
-30.
-31.
-33.
-3U.
-36.
-37.
-39.
-UO.

-1*2.
-1*3.
-1*1*.
-US.
-US.
-U6.
-UG.
-US.
-UU.
-U3.

-Ul.
( -38.
( -3U.
( -28.
( -21.
( -12.

969
516
086
670
259
8UO
U02
928
U03
806

11U
302
338
187
807
1U8
153
751
860
378

18U
130)
030)
658)
728)
877)

-13632.
-1U39U.
-15175.
-15973.
-1C781.
-17595.
-18U09.
-1921U.
-20002.
-20763.

-21U83.
-221U8.
-227U1.
-232U2.
-23627.
-23865.
-2392U.
-23761.
-23326.
-22557.

-21381.
( -19705.)
( -17U15.)
( -1U367.)
( -10381.)
( -5229.)

20.
20.
20.
21.
21.
21.
21,
21,
21.
21,

. 22,
22,
22,
22,
22.
23.
23,
23,
23.
2U,

2U,
2U,
2U,
25,
25,
26,

,63
.76
.89
.02
,16
,30
,U5
,61
.76
.93

,10
.28
,U7
.67
.87
,08
.31
.55
.79
,06

,3U
,6U
.96
.30
.67
.07

UO,
Ul,
U2.
U3.
UU.
UU.
US,
U6,
U7,
1*8.

US,
U9,

. 50,
51,
51,
52,
53,
5U,
55,
55,

56.
( 57,
( 58,
( 59,

  ( 60,
( 61,

,89U
.700
.501
.298
,092
.882
.669
,U55
.238
,021

,803
.586
.370
.157
.91*0
,7UO
.539
.3U6
,162
.989

.831

.690)

.570)
,U76)
. U1U)
,392)

75
73
72
70
69
68
66
65
63
62

61
59
58
56
55
5U
52
51
U9
US

ue
( U5
( U3
( Ul
( UO
( 38

.291

.825

.373

.933

.503

.081

.668

.260

.857

. U57

.058

.658

.257

.851

.U39

.018

.586

.1U1

.679

.197

.691

.157)

.589)

.983)

.330)

.622)

116
115
11U
111*
113
112
112
111
111
110

109
109
108
108
107
106
106
105
101*
10U

103
(102
(102
(101
(100
(100

.185

.526

.875

.231

.595

.963

.337

.715

.095

.U78

.861

.2U5

.627

.007

.385

.758

.126

.U87

.8U1

.186

.522

.8U7)

.159)

.U59)

.7UU)

.01U)

1U806.
15192.
15580.
15971.
1636U.
16760.
17159.
17561.
17967.
18376.

18790.
19208.
19631.
20060.
20U96.
20938.
21388.
218U7.
22315.
22795.

23288.
( 2379b.)
( 2U322.)
( 2U868.)
( 25U39;)
( 26039.)

3556U.
35235.
3U897.
3U550.
3U19U.
33828.
33U51.
33063.
32663.
32250.

3182U.
3138U.
30928.
30U56.
29966.
29U57.
28929.
28378.
27803.
27203.

2657U.
( 2591U.)
( 25220.)
( 2UU88.)
( 23712.)
( 22888.)

50370.
50U27.
50U78.
50522.
5055S.
50588.
50610.
5062U.
50C29.
50626.

5061U.
50592.
50559.
50516..
50U62.
50395.
50316.
5022U.
50119.
U9998.

U9862.
( U9711.)
( U95U2.)
( U9356.)
( U9152.)
( U8928.)

CO

O 
O

O 
2
M

W 
O

Q

O
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NOTB. Data contained in parentheses were calculated by extrapolation of the functions beyond their range. w
CO
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Table

t
<°C)

80.
85.
90.
95.

100.
105.
110.
115.
120.
125.
130.
135.
11.0.
1U5.

150.
155.
160.
165.
170.
175.
180.
185.
190.
195.

4. NaCl concentration:

P

(bars)

0.1.57
0.558
0.677
0.816

0.979
1.167
1.381*
1.633
1.917
2.21*1

"2.609
3.021*
3.1*90
I*. 013

U. 597
5.21*8
5.969
6.768
7.650
8.620
9.685

10.850
12.121*
13.511

dL

(g cm" )

1.010
1.006
1.003
1.000

0.997
0.993
0.990
0.986
0.982
0.978
0.971*
0.970
0.966
0.962

0.957
0.953
0.9U8
0.91*1.
0.939
0.93U
0.929
0.92U
0.919
0.911*

V L

1.0000 niol/kg HaO

saL
3-1 -1 -1

(cm mol ) (J mol K )

20.29
20.15
20.00
19.81*

19.66
19.1*7
19.26
19.0U
18.80
18.51*
18.26
17.97
17.65
17.31

16.95
16.56
16.15
15.70
15.23
11*. 72
1U. 18
13. CO
12.98
12.31

-11.999
-12.120
-12.21*2
-12.371

-12.511
-12.663
-12.832

-9.61*8
-10.21*1
-10.887
-11.591
-12.353
-13.175
-1U.059

-15.001*
-16.011
-17.078
-18.206
-19.392
-20.633
-21.928
-23.273
-2U.662
-26.093

HaL

(J mol" 1)

-5830.
-5885.
-591*2.
-6002.

-6067.
-G138.
-6216.
-5021.
-5267.
-5538.
-5836.
-6161.
-6516.
-6900.

-7316.
-7763.
-821*2.
-8753.
-9296.
-9870.

-101*76.
-11111.
-11775.
-121*65.

V L

(cm mol" ]

18.55
18.61
18.67
18.73

18.79
18.86
18.33
19.00
19.07
19.15
19.23
19.31
19.39
19.1*8

19.57
19.66
19.75
19.85
19.95
20.05
20.16
20.27
20.38
20.50

5.52 wt percent

S L *S

| (J mol" K" 1)

18.989
20.023
21.01.6
22.059

23.062
2U. 01*6
25.019
26.01*0
26.981*
27.915
28.836
29.7U5
30.61.1.
31.533

32.U13
33.283
3U.H5
31*. 999
35.81*1*
36.6R2
37.513
38.337
39.155
39.967

118.1*21*
116.171
113.971
111.822

109.722
107.676
105.675
103.658
101.71*9
99.881
98.051
96.257
91*. 1*97
92.770

01.071*
89.U07
87.767
86.153
81*. 563
82.9P6
81.1*50
79.921.
78.1.17
76.927

SG

137.1*13
136.191.
135.017
133.881

132.783
131.722
130.69U
129.698
128.733
127.796
126.886
126.002
125.11.2
121*. 301*

123.1*87
122.690
121.912
121.151
120.1*07
119.r,78
118.963
118.262
117.572
116.891*

1.770 mol percent

HL

5795.
6163.
6532.
6902.

727U.
761*3.
8011*.
8U08.
8776.
911.5.
9515.
9881*.

10251*.
1062U.

10995.
11366.
11738.
12111.
121*85.
12860.
13237.
1361U.
13993.
11*373.

AH

(J mol" 1)

U183U.
1*1616.
1.1395.
1.1171.

l*09ltl*.
1*0716.
1.01*81*.
1*0227.
39992.
39751*.
39512.
39267.
39018.
38761*.

38506.
3821*1*.
37976.
37701*.
371.26.
371U1.
36851.
36551*.
36251.
359UO.

H G

1*7629.
1*7779.
1*7927.
1*8073.

1*8218.
U8353.
1*81*98.
1*8635.
1*8769.
U8899.
1*9027.
1*9151.
1*9271.
1*9388.

1*9501.
U9610.
1.9715.
1*9815.
1.9911.
50002.
50088.
50168.
502U1*.
50313.
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w
co 
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Table

t
<°C)

80.
85.
90.
95.

100.
105.
110.
115.
120.
125.
130.
135.
11*0.
1U5.

150.
155.
160.
165.
170.
175.
180.
135.
190.
195.

6. NaCl concentration:

P

(bars)

0.1*1*2
0.5UO
0.655
0.790

0.9U7
1.129
1.338
1.579
1.855
2 . 11- £
2.521*
2.925
3.376
3.882

1*. 1*1*7
5.076
5.771*
6.51*7
7.399
8.337
9.367

10.1*91*
11.725
13.066

dL

-3
(g cm )

1.01*1
1.038
1.035
1.032

1.029
1.025
1.022
1.018
I.OIU
1.011
1.007
1.003
0.999
0.995

0.990
0.986
0.982
0.977
0.973
0.968
0.963
0.959
0.951*
0.91*9

vaL

1.9012mol/kgHaO '

saL

(cm mol )(Jmol K )

21.20
21.12
21.03
20.93

20.82
20.71
20.58
20.1*1*
20.28
20.11
19.93
19.73
19.52
19.29

19.03
18.76
18.1*7
18.15
17.80
17.U3
17.0U
ir, .60
16. 1U
15.61*

-22.599
-22.1*68
-22.330
-22.189

-22.0U9
-21.910
-21.775
-17. 3UO
-17.701*
-18.116
-18.578
-19.093
-19.661
-20.283

-20.960
-21.690
-22.1*71*
-23.310
-21*. 191*
-25.125
-26.100
-27.113
-28.160
-29.235

HaL

(J mol" 1 )

-5650.
-5617.
-5582.
-55U5.

-5508.
-51*71 .
-5U36.
-3765.
-3921*.
-1*101*.
-1*307.
-1*535.
-1*787.
-5065.

-5371.
-5703.
-6062.
-6UU8.
-6861.
-7300.
-7761*.
-8251.
-8760.
-9289.

V L

. 3 -1
(cm mol ]

18.59
18. Ci*
18.70
18.76

18.82
18.88
18.91*
19.01
19.08
19.15
19.23
19.30
19.38
19.1*6

19.51*
19.63
19.72
19.80
19.90
19.99
20.09
20.19
20.29
20.1*0

10.00 wt percent

SL
AS

SG

3.312 mol percent

HL

| (Jmor'tf 1 )

18.1*00
19.1*21
20.U30
21.U29

22.1*18
23.391
21*. 352
25.1*1*3
26.365
27.271*
28.171
29.057
29.931
30.791*

31.6U7
32.1*90
33.321*
3 U. 1U8
3U. 963
35.771
36.570
37.362
38.11*6
38.925

119.298
117.060
111*. 876
112.71*3

110.658
108.626
106.61*0
101*. 555
102.671
100.828

99.021*
97.258
95.527
93.829

92.16U
90.528
88.922
87.3U2
85.788
81*. 258
82.750
81.263
79.796
78.3U7

137.699
136.U81
135.306
131*. 172

133.076
132.017
130.992
129.998
129.036
128.102
127.195
126. 31U
125.1*58
12U.621*

123.811
123.019
122.21*6
121.1*90
120.751
120.028
119.320
118.625
117.91*2
117.272

5613.
5976.
63UO.
6705.

7071.
71*36.
7801.
8222.
8581.
89U1.
9301.
9660.

10019.
10378.

10738.
11097.
111*57.
11816.
12177.
12537.
12899.
13261.
13621*.
13988.

AH .

(J mol" 1 )

1*2020.
1*1808.
1*1591*.
1*1376.

1*1155.
1*0932.
U0707.
1*01*25.
1*0200.
39973.
3971*2.
39509.
39272.
39032.

38788.
385U1.
38289.
38032.
37771.
37505.
37233.
36956.
36672.
36383.

H G

1*7633.
1*7781*.
U7933.
1*8080.

U8225.
U8368.
1*8509.
1*861*6.
1*8782.
1*8911*.
1*901*3.
1*9169.
1*9292.
1*91*11.

1*9526.
U9638.
1*971*5.
1*981*9.
1*991*8.
5001*2.
50132.
50216.
50296.
50370.

M 
f

M

a
r M 
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p

CQ 
O
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200.
205.
210.
215.
220.
225.
230.
235.
2i»0.
21*5.

250.
255.
260.
265.
270.
275.
280.
285.
290.
295.

300.
305.
310.
315.
320.
325.

1U.
16.
17.
19.
21.
23.
26.
28.
31.
3U.

37.
UO.
U3.
1*7.
51.
55.
59.
6U.
69.
71*.

80.
( 85.
( 91.
( 98.
(105.
(112.

521*
106
819
670
665
811*
123
601
25U
093

121*
357
801
ttbU
356
1*87
865
502
1*07
592

067
8i*i*)
935)
352)
108)
218)

0.91(1*
0.939
0.931*
0.928
0.923
0.918
0.912
0.906
0.901
0.895

0.889
0.882
0.876
0.870
0.863
0.857
0.850
0.81*3
0.835
0.828

0.820
0.812
0.801*
0.796
0.787
0.778

15.10
It*. 52
13.90
13.22
12.1*9
11.71
10.86
9. 9U
8.95
7.87

6.71
5.1»1(
i*.07
2.57
0.91*

-0.81*
-2.79
-I*. 93
-7.29
-9.89

-12.77
-15.96 (
-19.53 (
-23.52 (
-28.01 (
-33.10 (

-30.331
-31.UI*!
-32.55U
-33.6G2
-31*. 752
-35.810
-36.820
-37.765
-38.625
-39.375

-39.988
-1*0.1*32
-1*0.671
-1(0.661
-1*0.352
-39.685
-38.589
-36.981
-31*. 760
-31.80U

-27.968
-23.071)
-16.891)
-9.151)
0.1*91*)

12.1*86)

-9833.
-10390.
-10957. .
-11527.
-12091*.
-12651*.
-13196.
-13711.
-11*190.
-1U618.

-1U980.
-15260.
-151*35.
-151*80.
-15367.
-15060.
-11*517.
-13688.
-12511.
-10913.

-8803.
( -6070.)
( -2573.)
( 1859.)
( 71*1*6.)
( 11*1*70.)

20.50
20.62
20.73
20.85
20.97
21.09
21.22
21.36
21.1*9
21.63

21.78
21.93
22.09
22.25
22.1*2
22.59
22.78
22.97
23.17
23.37

23.59
23.82
2U. 06
2U. 32
21*. 60
2<*. 89

39.
UO.
Ul.
"»1.
U2.
1*3.
<*"(.
Ul*.
1*5.
U6.

U7.
1*7.
U8.
<»9.
50.
51.
51.
52.
53.
51*.

55.
( 56.
( 57.
( 58.
( 59.
( 60.

697
l*6>*
226
981*
738
1*90
239
987
735
U83

231*
987
71*5
509
282
065
862
675
508
365

253
178)
1U7)
171)
263)
1*38)

76.915
75.U98
71*. 095
72.705
71.325
69.955
68.593
67.237
65.885
6U.535

63.186
61.835
60.1*79
59.117
57.71*5
56.360
51*. 959
53.536
52.089
50.611

1*9.095
( 1*7.535)
( 1*5.920)
( i*U. 21*1)
( U2.U83)
( 1*0.630)

116
115
115
11U
111*
113
112
112
111
111

110
109
109
108
108
107
106
106
105
101*

101*
(103
(103
(102
(101
(101

.612

.962

.322

.689

.061*

.1*1*5

.832

.221*

.620

.018

.1*19

.822

.221*

.627

.027

.1*26

.821

.211

.597

.976

.31*8

.712)

.067)

.1*12)

.71*6)

.068)

1U353.
11*720.
15089.
15U60.
15833.
16209.
16588.
16970.
17356.
177U6.

181U2.
1851*1*.
18952.
19368.
19792.
20227.
20671*.
2113U.
21610.
22105.

22622.
( 23165.)
( 2371*0.)
( 2U352.)
( 25011.)
( 25725.)

36086.
35782.
351*70.
35150.
31*822.
31*1*81*.
3U136.
33777.
331*07.
3302U.

32627.
32216.
31790.
313U5.
30882.
30399.
29892.
29360.
28800.
28208.

27581.
( 26911*.)
( 26201.)
( 251*35.)
( 21*607.)
( 23706.)

501*39.
50502.
50560.
50610.
50655.
50693.
50723.
5071*7.
50762.
50770.

50769.
50760.
507U1.
50713.
50675.
50626.
50566.
50l*9U.
50U10.
50313.

50203.
( 50079.)
( t*99Ul.)
( 1*9787.)
( 1*9617.)
( 1*91*31.)

ta

o
25 
M

W 
O

O

O

o
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O
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NOTE. Data contained in parentheses were calculated by extrapolation of the functions beyond their range. W
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w
CO

Table

t

7b)

80.
85.
90.
95.

100.
105..
110.
115.
120.
125.
130.
135.
IftO.
Ift5.

150.
155.
160.
165.
170.
175.
180.
185.
190.
195.

7. NaCl concentration:

P

(bars)

0.1(1(1
0.538
0.653
0.787

0.9ft3
1.12ft
1.333
1.573
1.8U8
2.160
2.51ft
2.91ft
3.363
3.867

ft.ft30
5.057
5.752
6.522
7.371
8.306
9.331

IQ.ftSft
11.681
13.017

*  *

(g cm" )

l.OftS
1.0U2
1.038
1.035

1.032
1.029
1.025
1.021
1.018
1.01ft
1.010
1.006
1.002
0.998

0.99ft
0.990
0.985
0.981
0.976
0.972
0.967
0.962
0.957
0.953

vaL

(cm mol ) l

21.28
21.21
21.13
21.03

20.93
20.82
20.70
20.57
20.1*2
20.26
20.09
19.90
19.69
19.ft7

19.23
18.97
18.68
18.38
18.05
17.69
17.30
16.89
16.1(1*
15.95

2.0000 mol/kg HO'

*
(Jmol^K"1)

-23.ft39
-23.286
-23.12ft
-22.959

-22.79ft
-22.629
-22.1*66
-17.929
-18.272
-18.662
-19.102
-19.593
-20.138
-20.736

-21.388
-22.09ft
-22.852
-23.660
-2ft. 517
-25.1*20
-26.366
-27.3ft9
-28.365
-29.1*08

Hf

(J mol" 1)

-5617.
-5577.
-5533.
-5ft88.

-Sftftl.
-5395.
-53ft9.
-3639.
-3790.
-3962.
-ftise.
-ft37ft.
-1*617.
-1*886.

-5181.
-5502.
-5851.
-6226.
-6627.
-7053.
-750ft.
-7978.
-8ft73.
-8987.

V L

. 3 .-]
(cm mol

18.59
18.65
18.70 .
18.76

18.82
18.88
18.95
19.01
19.08
19.15
19.23
19.30
19.38
19.l(G

19.5ft
19.63
19.71
19.80
19.89
19.99
20.08
20.18
20.28
20.39

10.47 wt percent

SL

') (J

18.328
19.3ft8
20.356
21.35ft

22.3ft2
23.313
2ft. 273
25.373
26.293
27.200
28.095
28.978
29.850
30.711

~" 31.562
32.ft02
33.233
3ft. 05ft
3ft. 867
35.671
36.ft67
37.256
38.038
38.813

&S

mol" l K" 1)

119.1*03
117.166
lift. 983
112.852

110.768
108.737
106.752
10ft. 659
102.777
100.937
99.135
97.372
95.6ft3
93.91*9

92.286
90.G5ft
89.050
87.ft7ft
85.923
8ft. 397
82.892
81.1*10
79.91*6
78.501

SG

137.731
136.51ft
135.339
13ft. 205

133.110
132.051
131.025
130.033
129.070
128.137
127.230
126.350
125.1*93
12ft. 660

123.81(8
123.056
122.283
121.528
120.790
120.068
119.360
118.666
117.98ft
117.31ft

3.478 mol percent

HL

559ft.
5956.
6320.
668ft.

7050.
7ftl5.
7780.
8203.
8562.
8921.
9280.
9638.
9996.

1035ft.

10713.
11071.
111*29;
11788.
1211(6.
12506.
12866.
13226.
13588.
13951.

aH

(J mol" 1)

l*20UO.
1*1828.
ftl61ft.
ft!397.

1*1176.
1(0955.
ft0730.
ftOftftft.
1(0221.
3999ft.
39765.
39533.
39297.
39059.

38816.
38570.
38319.
38065.
37805.
375ftl.
37271.
36995.
3671ft.
36ft26.

H°

ft763ft.
1*7785.
ft793ft.
1*8081.

1*8226.
1*8369.
1*8510.
1(861(8.
1(8783.
1*8915.
1(901(5.
ft9171.
ft929ft.
1(91*13.

1*9529.
1(961*1.
I»97ft9.
1(9852.
1*9952.
500ft6.
50137.
50222.
50302.
50377.

B
r 
3

H
B

W tr1 
B
CO

SJ
S»



200.
205.
210.
215.
220.
225.
230.
235.
2UO.
2'(5.

250.
255.
260.
265.
270.
275.
280.
285.
2'JO.
295.

300.
305.
310.
315.
320.
325.

11*
1C
17
19
21
23
2C
28
31
33

36
UO
U3
U7
51
55
59
61*
69
7k

79
( 85
( 91
( 97
(10i»
(111

.1*69

.01*5

.751

.595

.583

.723

.021*

.1*91

.135

.962

.982

.202

.633

.281

.158

.272

.633

.251

.137

.301

.753

.507)

.572)

.963)

.691)

.771)

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0

.91*8

.9U3

.937

.932

.927

.921

.910

.910

.905

.899

.893

.887

.880

.87i»

.868

.861

.851*

.8U7

.81*0

.833

.825

.818

.810

.801

.793

.783

15.U3
1U.87
lit. 26
13.60
12.89
12.13
11.30
10.M
9.U it
8.39

7.26
6.02
<t. 68
3.22
1.63

-0.11
-2.02
-it.ll
-6.1(1
-8.95

-11.76
-lit. 88
-18.36
-22.26
-26.6ii
-31.59

-30.U71
-31.5U7
-32.G25
-33.696
-31*. 747
-35.76't
-3C.733
-37.63U
-38.itit7
-39.147

-39.708
-itO.097
-itO.277
-i*0.20it
-39.827
-39.087
-37.911
-30.216
-33.900
-30.839

-26.887
( -21.860)
( -15.53U)
( -7.630)
( 2.20U)
( lU.Ulit)

-9516.
-10057.
-10607.
-11159.
-11708.
-122U8.
-12769.
-13263.
-13717.
-1U120.

-UU56.
-1U707.
-11*850.
-11*862.
-11*713.
-li*3G6.
-13779.
-12902.
-11672.
-10015.

-7839..
( -5031.)
( -11*50.)
( 3079.)
( 8778.)
( 15931.)

20.50
20.61
20.72
20.83
20.95
21.08
21.21
21.3U
21.U7
21.61

21.75
21.90
22.06
22.22
22.38
22.55
22.73
22.92
23.11
23.32

23.53
23.75
23.99
21*. 2U
2U.51
2U.79

39.
1*0.
Ul.
M.
1*2.
<*3.
it it.
UU.
US.
1*6.

:U7.
1*7.
U8.
1*9.
50.
50.
51.
52.
53.
5i».

55.
( 56.
( 57.
( 58.
( 59.
( 60.

582
31*6
105
859
610
359
105
850
595
31*1

089
81*0
596
359
132
915
712
527
363
225

118
051)
031)
068)
177)
375)

77.
75.
71*.
72.
71.
70.
68.
67.
6G.
61*.

63.
62.
60.
59.
57.
56.
55.
53.
52.
50.

"*9.
( 1*7.
( U6.
( <*U.
( 1*2.
( UO.

073
661
262
876
501
135
777
U25
078
732

387
01*0
688
329
960
577
178
756
309
829

311
7U7)
126)
1*37)
667)
796)

116
116
115
lilt
lilt
113
112
112
111
111

110
109'109

108
108
107
106
106
105
105

101*
(103
(103
(102
(101
(101

.655

.007

.367

.735

.111

.1*91:

.882

.275

.673

.073

.it 7 6

.880

.28U

.688

.091

.1*92

.890

.283

.672

.051*

.1*30

.797)

.156)

.506)

.81* U)

.171)

11*315.
11)680.
150U7.
15itl6.
15788.
16162.
16539.
16919.
1730U.
17693.

18087.
181*88.
18895.
19310.
19731*.
20169.
20615.
21076.
21551*.
22051.

22571.
( 23119.)
( 23700.)
( 21*320.)
( 2it988.)
( 25715.)

36132.
35830.
35521.
35203.
3it877.
3it5itl.
3itl96.
338itO.
331*72.
33091.

32697.
32289.
3186U.
3Ht23.
30962.
301*80.
29975.
29i»i*i».
28881*.
28293.

27665.
( 26996.)
( 26280.)
( 25509.)
( 2U67it.)
( 2376U. )

501*1*6.
50510.
50568.
50619.
5066U.
50703.
50731*.
50759.
50775.
5078U.

50785.
50777.
50759.
50732.
50C9G.
5061*8.
50590.
50520.
501*38.
503id*.

50236.
( 50115.)
( U9979.)
( U982-J.)
( U9662.)
( U9U80.)

O 
O

O
2 
w

Cd 
O

O

83

ot-1 
d
H    i
o 
2
C/3

NOTE. Data contained in parentheses were calculated by extrapolation of the functions beyond their range. w
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200.
205.
210.
215.
220.
225.
230.
235.
21*0.
2US.

250.
255.
260.
2C5.
270.
275.
280.
285.
290.
295.

300.
305.
310.
315.
320.
325.

li»
15
17
19
21
23
25
27
30
33

36
39
1*2
1*6
50
51*
58
62
67
72

78
( 83
( 89
( 95
(102
(109

.189

.73U

.1*07

.215

.16U

.262

.517

.936

.528

.299

.259

.1*16

.777

.353

.152

.183

.U56

.980

.766

.823

.163

.797)

.736)

.992)

.578)

.506)

0.966
0.961
0.956
0.951
0.9U6
0.9UO
0.935
0.930
0.92U
0.919

0.913
0.907
0.901
0.895
0.889
0.883
0.877
0.870
0.86U
0.857

0.850
0.8U3
0.835
0.828
0.820
0.812

16.97
16.1*9
15.97
15.UO
11*. 79
li». 12
13.1*0
12.62
11.77
10.85

9.85
8.76
7.58
6.28
U.87
3.33
1.61*

-0.22
-2.27
-I*. 52

-7.02
-9.78

-12.86
-16.30
-20.16
-21*. 50

-30.901*
-31.822
-32.737
-33.638
-3U.513
-35.31*7
-36.123
-36.822
-37.1*23
-37.901

-38.226
-38.36U  
-38.277
-37.919
-37.237
-36.167
-31*. 635
-32.551
-29.810
-26.282

-21.812
( -16.208)
( -9.23U)
( -0.596)
( 10.076)
( 23.252)

-7998.
-8U65.
-8937.
-9U08.
-9872.

-10321.
-107U8.
-1111*1.
-111*88.
-11777.

-11991.
-12111.
-12115.
-11975.
-11661.
-11135.
-10353.
-9261.
-779U.
-5873.

-31*02.
( -262.)
( 3695.)
( 8651*.)
( 11*81*9.)
( 22579.)

20. 1*6
20.56
20.67
20.78
20.89
21.01
21.13
21.25
21.38
21.51

21. 6U
21.78
21.92
22.07
22.22
22.37
22.51*
22.70
22.88
23.06

23.25
23.1*1*
23.65
23.87
2U.09
2U. 31*

39.009
39.757
U0.501
1*1. 2U1
1*1.977
U2.711

. U3. i»i»3
1*1*. 175
1*1*. 907
US. 6U2

1*6.3.79
1*7.122
1*7.872
1*8.631
1*9.1*02
50.187
50.991
51.817
52.671
53.558

5i». U85
( 55.1*61)
( 56.U98)
( 57.608)
( 58.809)
( 60.122)

77
76
75
73
72
71
69
08
67
65

6U
63
61
60
59
57
56
51*
53
51

50
( U8
( 1*7
( US
( 1*3
( 1*1

.869

.1*76

.098

.732

.377

.032

.69U

.363

.035

.708

.382

.052

.716

.372

.015

.61*2

.21*8

.829

.379

.891

.356

.765)

.107)

.367)

.527)

.565)

116.878
116.231*
115.599
111*. 973
11U.35U
113.71*3
113.137
112.537
111.91*2
111.350

110.761
110.171*
109.588
109.003
108.1*17
107.829
107.21*0
106. 6U7
106.050
105.UU8

10U.8I*!
(101*. 226)
(103.605)
(102.975)
(102.336)
(101.687)

11*130.
11*1*88.
Ht8l*8.
15209.
15573.
15939.
16309.
16682.
17060.
17UU2.

17831.
18226.
18629.
190U1.
19U6I*.
19899.
2031*8.
20815.
21301.
21811.

223U9.
( 22921.)
( 23533.)
( 21*195.)
( 21*915.)
( 25710.)

36351.
36059.
35761.
351*55.
3511*0.
31*816.
31*1*82.
3U138.
33782.
331*13.

33031.
32631*.
32220.
31788.
31336.
30862.
30363.
29837.
29279.
28685.

28052.
( 27372.)
( 26637.)
( 258U1.)
( 21(969.)
( 2U010.)

501*81.
505U8.
50609.
50661*.
50713.
50755.
50791.
50820.
5081*1.
50856.

50862.
50860.
5081*9.
50829.
50800.
50761.
50712.
50651.
50580.
50U97.

50U01.
( 50293.)
( 50171.)
( 50035.)
( 1*9885.)
( 1*9719.)

o 

o 

o

H 

5

O

P > i

O

55 

Q
W
Otr1

o
55 
co

NOTE. Data contained in parentheses were calculated by extrapolation of the functions beyond their range. w
CO
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Table

t
(°C)

80.
85.
90.
95.

100.
105.
110.
115.
120.
125.
130.
135.
1UO.
1U5.

150.
155.
160.
1F>5.
170.
175.
180.
185.
190.
195.

9. NaCl concentration:

P

(bars)

0.1*23
0.517
0.627
0.756

0.906
1.080
1.281
1.512
1.775
2.076
2.1*16
2.800
3.232
3.716

i». 257
it. 800
5.528
6.268
7.08U
7.983
8.968

10.0U8
11.226
12.510

dL

(gem"3,

1.077
1.07U
1.071
1.0C8

1.065
1.061
1.058
1.05U
1.051
1.01*7
1.01*3
1.039
1.035 .
1.031

1.027
1.023
1.019
1.015
1.010
1.006
1.002
0.997
0.992
0.988

'a

3 *1
(cm mol )

22.0U
22.02
21.99
21.95

21.91
21.86
21.81
21.71*
21.67
21.58
21.1.9
21.38
21.26
21.13

20. 9S
20.81
20.63
20.1*3
20.21
19.96
19.70
19. ill
19.09
18.75

3.000 mol/kgHaO '

s^
(Jmol^K-1)

-29.998
-29. 61* it
-29.277
-28.300

-28.516
-28.125
-27.729
-22.350
-22.505
-22.7nit
-22.91*7
-23.238
-23.577
-23.965

-2V.U01
-2l»!886
-25.U18
-25.991*
-26.61U
-27.273
-27.967
-28.092
-29.1*1*2
-30.212

HaL

(J mol" 1 )

.-511*5.
-503U.
-1*917.
-1*795.

-U669.
-1*539.
-1*1*05.
-2375.
-2U5U.
-2551.
-2668.
-2806.
-2966.
-311*8.

-3351*.
-3583.
-3835.
-1*111.
-1*1*09.
-U728.
-5068.
-51*26.
-5800.
-6188.

V L

(cm mol ]

18.65
18.70
18.75
18.81

18.87
18.93
18.99
19.05
19.12
19.19
19.25
19.33
19.1*0
19.1*8

19.55
19.63
19.71
19.80
19.88
19.97
20.06
20.15
20.2U
20.31*

14.92 wt percent

S L iS s°

5.127 mol percent

HL

| (Jmor'K" 1 )

17.5U5
18.555
19.55K
20.51*3

21.523
22.1*88
23.1*1*1
21*. 638
25.5UO
26.1*29
27.305
28.169
29.020
29.860

30.689
31.507
32.311*
33.111
33.898
31*. 677
35.1*1*6
36.208
36.962
37.710

120.531*
118.308
116.135
111*. 013

111.91*0
109.918
107.9U1
105.751*
103.893
102.073
100.291*
98.553
96.8U9
95.180

93.51*3
91.939
90.361*
88.817
87.297
85.802
8U. 331
82.883
81.U5I*
80.01*5

138.078
136.862
135.689
131*. 557

133.1*63
132.U06
131.383
130.392
129.1*33
128.502
127.599
126.722
125.869
125.01*0

12U.232
123. 1*1*5
122.677
121.928
121.195
120.1*79
119.778
119.091
118.U7
117.755

51*09.
5768.
6128.
61*89.

6852.
7211*.
7576.
8036.
8387.
8739.
9089.
9U39.
9789.

10138.

101*86.
10831*.
11182.
11529.
11876.
12221*.
12571.
12919.
13267.
13616.

AH

(J mol" 1 )

1*2229.
1*2023.
1*1813.
1*1600.

1*1381*.
1*1166.
U09U6.
1*0625.
1*01*10.
1*0193.
39971*.
39752.
39528.
39301.

39071.
38838.
38601.
38361.
38117.
37868.
37615.
37357.
37091*.
36825.

HG

1*7639.
U7791.
1*791*1.
1*8089.

1*8235.
1*8380.
1*8521.
1*8661.
1*8798.
1*8932.
1*9063.
1*9192.
1*9317.
1*91.39.

1*9557.
1*9672.
1*9783.
U9890.
1*9993.
50092.
50186.
50276.
50361.
501*1*1.

H 
tr1

CQ 
H
H

W
r 
w
CO

*J 
O

CO 
O
r

O
2
CO



200.
205.
210.
215.
220.
225.
230.
235.
2UO.
2i»5.

250.
255.
260.
265.
270.
275.
280.
2E5.
200.
295.

300.
305.
310.
315.
320.
325.

13
15
17
18
20
22
25
27
2'J
32

35
38
1*1'1*5

U9
53
57
Cl
CG
71

76
{ 82
( 87
( 'Jl*
(100
(107

.907

.1)21

.061

.832

.7U3

.799

.009

.380

.919

.635

.535

.628

.922

.1*25

.1U7

.096

.281

.712

.3<J9

.352

.581

.096)

.910)

.03U)

.1*79)

.258)

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

0.
0.
0.
0.
0.
'J.
0.
0.
0.
0.

0.
0.
6.
0.
0.
0.

983
978
973
968
961*
958
953
9U8
91*3
938

932
927
921
915
910
901*
898
892
886
879

873
867
860
853
8U6
839

18.37
17.96
17.51
17.03
16.50
15.92
15.30
11*. 62
13.88
13.07

12.19
11.2U
10.19
9.05
7.80
6.1*1*
i*. 9U
3.29
I.'i8

-0.52

-2.73
-5.18
-7.89

-10.92
-li*. 30
-18.09

-30.
-31.
-32.
-33.
-31*.
-31*.
-35.
-35.
-36.
-3C.

-36.
-36.
-36.
-35.
-3U.
-33.
-31.
-29.
-2E.
-22.

-17.
( -11.
( -3.
( 5.
( 16.
( 30.

992
775
550
306
030
708
320
8U9
271
5GO

686
611*
30U
707
7H9
1*25
596 -
190
097
182

28U
201*) (
695) (
51*8) (
910) (
883) {

-6586.
-6990.
-7396.
-7797.
-8188.
-85C1.
-8906.
-9213.
-91*71.
-9663.

-9775.
-9785.
-9C70.
-9UOU.
-8353.
-8278.
-7333.
-6062.
-1*398.
-2258.

1*57.
3872. )
8139.)

13U53.)
20056. )
28263.)

20. 1*3
20.53
20.GU
20.7U
20.85
20.96
21.07
21.19
21.30
21.U3

21.55
21.68
21.81
21.91*
22.08
22.23
22.37
22.52
22.68
22.81*

23.01
23.18
23.36
23.55
23. 7i»
23.95

38
39
39
1*0
1*1
1*2
1*2
U3
1*1*
1*1*

1*5
i*fi
1*7
1*7
1*8
1*9
50
51
52
52

53
( 5U
( 56
( 57
( 58
( 59

.<*51

.186

.917

.61*1*

.367

.089

.809

.530

.252

.978

.708

.1*1*5

.191

.91*9

.722

.513

.326  

.168

.01*2

.958

.923

.91*8) (

.01*7) (

.235) (

.533) (

.968) (

78.65U
77.279
75.918
71*. 570
73.233
71.906
70.586
69.272
67.961
66.651

65.3UO
61*. 021*
62.701
61.368
60.020
58.652
57.261
55.81*0
5i*.382
52.880

51.323
1*9.701)
1*7.999)
1*6.200)
1*1*. 283)
1*2.221)

117
lib
115
115
111*
113
113
112
112
111

111
110
109
109
108
108
107
107
106
105

105
(101*
(10U
(103
(102
(102

.105

.1*65

.835

.211*

.600

.995

.395

.802

.213

.629

.OU8

.1*69

.893

.317

.7U1

.165

.587

.007

.1*21*

.837

.2U6

.61*9)

.OU5)

.1*35)

.816)

.189)

13966.
11*317.
11*670.
1502U.
15381.
1571*1.
1610U.
161*72.
168U3.
17221.

17605.
17996.
18397.
18807.
19230.
19668.
20122.
20595.
21093.
21618.

22177.
( 22775.)
( 231*22.)
( 21*128.)
( 21*905.)
( 25770.)

36550.
36269.
35980.
3568U.
35379.
35066.
3U7U3.
31*1*09.
3U063.
33705.

33333.
3291*5.
3251*0.
32117.
31672.
31201*.
30709.
3018U.
29625.
29027.

28381*.
( 27689.)
( 26933.)
( 26106.)
( 25191*.)
( 21*180.)

50516.
50585.
50650.
50708.
50761.
50807.
5081*7.
50880.
50907.
50926.

50938.
5091*1.
50937.
5092U.
50902.
50871.
50830.
50779.
50718.
5061*5.

50561.
( 50U6I*.)
( 50356.)
( 5023U. )
( 50099.)
( U9950.)

O

O 
O
g
T3 
O 
2
w 
z 
H

w
O
I I

f
t I

S5

CO
O
r 
cj
H
h-1

O
2
C/J

NOTE. Data contained in parentheses were calculated by extrapolation of the functions beyond their range w
CO
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200.
205.
210.
215.
220.
225.
230.
235.
2UO.
21*5.

250.
255.
260.
265.
270.
275.
280.
285.
290.
295.

300.
305.
310.
315.
320.
325.

13
15
17
18
20
22
2U
27
29
32

35
38
i»l
U5
1*9
53
57
Gl
GO
71

76
( 82
( 87
( 93
(100
(107

.895

.U09

.OU7

.817

.726

.781

.989

.358

.895

.609

.507

.597
,88'J
.389
.108
.053
.235
.663
.31*6
.295

.519

.030)

.839)

.958)

.397)

.171)

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0

.98ii

.979

.971*

.969

.96U

.959

.951*

.91*9

.91*1*

.938

.933

.927

.922

.916

.910

.905

.899

.893

.887

.880

.87U

.868

.861

.851*

.81*7

.81*0

18
18
17
17
16
15
15
111
13
13

12
11
10
9
7
6
5
3
1

-0

-2
-5
-7

-10
-li»
-17

.U2

.01

.57

.09

.56

.99

.37

.69

.96

.15

.28

.33

.23

.15

.91

.55

.06

.1*2

.02

.37

.57

.00 (

.71 (

.72 (

.08 (

.85 (

-30
-31
-32
-33
-31*
-3U
-35
-35
-36
-36

-36
-36
-36
-35
-31*
-33
-31
-29
-25
-22

-17
-11
-3
5

17
31

.990

.768

.538

.289

.008

.679

.286

.809

.22U

.506

.G25

.5i»G

.227

.623

.670

.321

.1*82

.061*

.958

.030

.117

.019) (

.1*92) (

.773) (

.160) (

.161) (

-6532.
-6931*.
-7337.
-7736.
-8125.
-81*95.
-8837.
-91U1.
-9395.
-9585.

-9692.
-9698.
-9580.
-9309.
-8852.
-8172.
-7221.
-59U1*.
-U273.
-2126.

598.
U023. )
8301.)
1362%.)
2021*6.)
281*69.)

20.
20.
20.
20.
20.
20.
21.
21.
21.
21.

21.
21.
21.
21.
22.
22.
22.
22.
22.
22.

23.
23.
23.
23.
23.
23.

1*3
53
61*
7U
85
96
07
18
30
1*2

55
67
81
91*
08
22
37
52
67
83

00
17
35
53
73
93

3£.
39.
39.
UO.
Ul.
1*2.
1*2.
US.
(*<«.
1*1*.

1*5.
1*6.
1*7.
1*7.
1*8.
1*9.
50.
51.
52.
52.

53.
( 51*.
( 56.
( 57.
( 58.
( 59.

U29
161*
89U
621
3i«U
065
785
505
227
952

682
1*19
165
923
696
1*87
301
11*3
019
936

902
929)
030)
222)
521*)
96U)

78
77
75
71*
73
71
70
69
67
66

65
61*
62
61
60
58
57
55
5U
52

- 51
( U9
( 1*8
( 1*6
( 1*1*
( U2

.681*

.310

.950

.602

.260

.940

.621

.307

.997

.687

.377

.062

.739

.1*06

.058

.691

.300

.878

.1*20

.917

.359

.736)

.032)

.231)

.311)

.21*5)

117
116
115
115
111*
111*
113
112
112
111

111
110
109
109
108
108
107
107
106
105

105
(101*
(10U
(103
(102
(102

.113

.1*71*

.81*1*

.223

.610

.005

.1*05

.812

.221*

.6UO

.059

.1*81

.901*

.329

.751*

.178

.601

.021

.1*39

.853

.261

.665)

.062)

.1*52)

.835)

.209)

13960.
11*311.
11*663.
15017.
15371*.
15731*.
16097.
161*61*.
16836.
17213.

17597.
17988.
18388.
18799.
19222.
19659.
20113.
20588.
21086.
21611.

22171.
( 22771.) (
( 23U19.) (
( 21.126.) (
( 2U905.) (
( 2577U.) .(

36557.
36276.
35988.
35692.
35388.
35075.
31*752.
3UU19.
31*071*.
33716.

3331*1*.
32957.
32552.
32129.
31681*.
31216.
30721.
30196.
29637.
29039.

28396.
27700.)
2691*1*. )
26116.)
25202. )
21*185. )

50517.
50587.
50651.
50710.
50762.
50809.
5081*9.
50883.
50909.
50929.

509UO.
509i»i».
5091*0.
50928.
50906.
50875.
50835.
50781*.
50723.
50651.

50567.
( 501*71.)
( 50363.)
( 5021*2.)
( 50107.)
( 1*9959.)

to
o

o 
2
w

W 
O

o

O
f 
CJ

NOTE. Data contained in parentheses were calculated by extrapolation of the functions beyond their range. w
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200.
205.
210.
215.
220.
225.
230.
235.
2UO.
21*5.

250.
255.
260.
265.
270.
275.
280.
285.
290.
295.

300.
305.
310.
315.
320.
325.

13
15
16
18
20
22
2U
26
29
31

3i«
37
1*1
1*1*
1*8
52
56
60
65
69

75
( 80
( 86
( 92
( 98
(105

.621*

.108

.711*

.1*50

.322

.337

.502

.825

.311*

.975

.816

.81*6

.073

.505

.151

.019

.119

.1*59

.01*9

.900

.020

.1*20)

.112)

.106)

.U15)

.OU9)

1
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
n
0
0
0

0
0
0
0
0
0

.000

.995

.990

.985

.981

.976

.971

.966

.961

.955

.950

.91*5

.91*0

.931*

.929

.921*

.918

.912

.907

.901

.895

.889

.883

.877

.871

.861*

19
19
18
18
18
17
17
16
15
15

11*
13
12
11
10
9
7
6
it

3

1
-0
-3
-5
-8

-12

.65

.31

.93

.52

.07

.58

.01*

.U6

.81

.11

.35

.51

.60

.60

.50

.29

.97

.52

.92

.16

.22

.91* (

.32 (

.97 (

.92 (

.19 (

-30
-31
-32
-32
-33
-33
-31*
-31*
-35
-35

-35
-31*
-31*
-33
-32
-30
-28
-26
-22
-18

-13
-6
1

10
22
37

.836

.502

.157

.789

.381*

.926

.399

.782

.051

.179

.136

.885 .

.385

.586

. U32

.851*

.77U

.09?

.701*

.1*62

.203

.719) (

.21*1) (

.996) (

.91*1*) (

.591*) (

-521*9.
-5598.
-59UG.
-6288.
-661E.
-6923.
-7199.
-7!*33.
-7613.
-7721*.

-771*8.
-7P6U.
-71*50.
-7075.
-6507.
-5706.
-U623.
-3201.
-1370.

951*.

3876.
7523.)

12053.)
17667.)
21.618.)
33229. )

20. U2
20.52
20.62
20.72
20.82
20.92
21.03
21.11.
21.25
21.36

21. US
21.60
21.72
21.85
21.97
22.10
22.2U
22.37
22.51
22.66

22.81
22.96
23.11
23.28
23.1*1*
23.61

37.
38.
39.
UO.
1*0 .ui!
1.2.
U2.
1*3.
1*1*.

1*5.
US.
UG.
U7.
U8.
US.
U9.
50.
51.
52.

53.
( 5U.
( 55.
( 56.
( 58.
( 59.

906
630
3U9
065
777
U89
199
911
625
3UU

069
802
5U7
306
083
882
709
568
U67
U15

U21
UH9) (
663) (
935) (
33U) (
897) (

79.U29
78.069
76.72U
75.392
7U.071
72.760
71.U55
70.156
68.860
67.56U

66.265
6U.961
C.3.6U8
62.322
60.975
59.61U
58.222
56.79U
55.325
53. SOU

52.221
50.562)
US. 811)
UG.9U8)
UU.9U7)
U2.779)

117.
116.
116.
115.
11U.
111*.
113.
113.
112.
111.

111.
110.
110.
109.
109.
108.
107.
107.
10C.
10C.

105.
(105.
(101*.
(103.
(103.
(102.

33U
699
073
U57
8<*9
2U8
655
067
U85
308

33U
763
195
f,29
063
U97
930
362
792
219

6U2
060)
U7U)
881)
282)
G75)

13817.
1U163.
11*509.
1U85S.
15209.
1556U.
15921.
1628U.
16651.
1702U.

17U05.
1779U.
18193.
18603.
19028.
19U69.
19929.
20U12.
20922.
21U6U.

220U5.
( 22673.)
( 23357. )
( 2U109.)
( 2U9U5.)
( 25885.)

36733.
36U60.
36181.
3589U.
35598.
3529U.
3U980.
3U656.
3U320.
33971.

33607.
33227.
32830.
32U13.
3197U.
31509.
3101G.
30U91.
23S28.
29323.

23668.
( 27956.)
( 27176.)
( 26315.)
( 25358.)
( 2U2SU.)

50550.
50623.
50690.
50752.
50808.
50858.
50002.
509UO.
50971.
50995.

51012.
51021.
51023.
51016.
51001.
5097S.
509U5.
50903.
50850.
50787.

5071U.
( 50029.)
( 50532.)
( 50U2U.)
( 50303.)
( 501G4.)

p
o

Tl 
O

O
I It-1
I I

o 
2 
o

O
r

O 
2
CO

NOTE. Data contained in parentheses were calculated by extrapolation of the functions beyond their range. w
£t 
CO
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Table 12. NaCl concentration:

t
<°C)

80.
85.
90.
95.

100.
105.
110.
115.
120.
125.
130.
135.
11*0.
1U5.

150.
155.
160.
165.
170.
175.
180.
185.
190.
195.

P

(bara)

0.1*05
o .1*91*
0.600
0.723

0.867
1.031*
1.226
1.1*1*8
1.700
1.988
2.31U
2.682
3.097
3.561

1*.080
U.658
5.300
6.009
6.793
7.655
8.601
9.637

10.768
12.001

(g cm" )

1.108
1.105
1.102
1.099.

1.096
1.092
1.089
1.085
1.082
1.078
1.07U
1.070
1.066
1.062

1.058
1.051.
1.050
1.01*6
1.01*2
1.037
1.033
1.029
1.021*
1.020

a

4. 0000 mol /kg HgO '

^

(cm mol ) (J mol K )

22.68
22.70
22.71
22.73

22.7U
22.71*
22.71*
22.73
22.72
22.70
22.67
22.63
22.58
22.52

22.1*5
22.37
22.27
22.16
22.03
21.88
21.72
21.51.
21.33
21.10

-31*. 11*0
-33.621*
-33.092
-32.51*6

-31.988
-31.U20
-30.8UO
-2i*.85G
-21*. £60
-2U. 905
-21*. 993
-25.125
-25.303
-25.526

-25.796
-26.110
-26.1*67
-26.866
-27.301*
-27.777
-28.282
-28.812
-29.363
-29.927

Hf

(J mol" 1)

-1*1*15.
-1(21(7.
-1*071.
-3888.

-3699.
-3502.
-3299.
-1039.
-1053.
-1097.
-1152.
-1226.
-1321.
-11*36.

-1572.
-1730.
-1908.
-2107.
-2326.
-256U.
-2819.
-3090.
-3373.
-3C67.

V L

. a ,-i% 
(cm mol )

18.71
18.76
18.81
18.87

18.92
13.98
19.01*
19.11
19.17
19.23
19.30
19.37
19.UI*
19.51

19.59
19.66
19.71*
19.82
19.90
19.98
20.07
20.15
20.21*
20.33

18.95 wt percent

SL
AS

SG

6.722 mol percent

HL

(Jmol^K" 1)

16.682
17.687
18.683
19.608

20.6i»U
21.608
22.559
23.862
21*. 751
25.627
26.U89
27.338
28.171*
28.998

29.810
30.610
31.399
32.177
32.91.5
33.701*
3U. 1*53
35.19U
35.927
36.652

121.780
119.559
117.391
115.271*

113.20U
111.181*
109.211
106.919
105.072
103.268
101.505
99.782
98.09C
96.1*1*6

9U.S30
93.21.6
91.C91*
90.170
88.675
87.205
85.760
81*. 338
82.938
81.557

138.1*62
137.21*6
136.07U
131*. 91*2

133.8U8
132.793
131.771
130.782
129.82U
128.895
127.991*
127.120
126.270
125.1*1*1*

121*. 639
123.856
123.092
122.31*7
121.620
120.909
120.213
119.532
118.861*
118.209

5236.
5592.
5950.
6310.

6671.
7032.
7393.
7893.
£239.
8585.
£929.
9273.
9616.
9958.

10298.
10638.
10978.
11316.
11655.
11992.
12330.
12667.
13005.
133U3.

AH

(J mol" 1 )

1*21*09.
li2205.
1*1998.
1*1788.

1*1571*.
1*1358.
(tlUO.
1*0782.
1*0571*.
i*036U.
1*0153.
3991*0.
39721*.
39507.

39287.
39065.
38839.
38611.
38380.
3811*1*.
37905.
37662.
371*11*.
37161.

H G

1*761*5.
1*7797.
i»7'JU8.
1*8098.

1*321*5.
U83QO.
(.853U.
I*8b75.
1*8813.
1*391*3.
U9082.
1*9213.
U93UO.
U9U6U.

1.9585.
1.9703.
U9817.
1.9928.
5003U.
50137.
50235.
50329.
501*19.
5050U.

M 

> i 

3

CO
H 
M

H 
> 
W

M
CO

O 

CO
O
f
d
H

O 
25
CO



200.
205.
210.
215.
220.
225.
230.
235.
240.
21.5.

250.
255.
260.
265.
270.
275.
280.
285.
290.
295.

300.
305.
310.
315.
320.
325.

13.3U1
14.795
16.369
18.070
19.90U
21.879
2U. 001
26.277
28.715
31.323

31*. 107
37.076
1*0.238
1*3.601
1*7.173
50.963
51*. 980
59.232
63.729
68.1*80

73.1*95
( 78.785)
( 81*. 359)
( 90.229)
( 96.1*06)
(102.901)

1.015
1.011
1.006
1.001
0.997
0.992
0.987
0.982
0.977
0.972

0.967
0.962
0.957
0.952
0.9U7
0.91*2-
0.937
0.932
0.926
0.921

0.916
0.910
0.905
0.900
0.891*
0.888

20.85
20.57
20.26
19.91
19.51*
19.12
18.67
18.17
17.62
17.02

16.35
15.63
Ik. 8k

13.96
13.01
11.96
10.80
9.53
8.13
6.59

U.89
3.01
0.93
-1.37
-3.90
-6.70

-30
-31
-31
-32
-32
-33
-33
-33
-33
-33

-33
-33
-32
-31
-30
-28
-26
-23
-19
-15

-9
( -2
( 5
( 15
( 28
( 1*3

.1*97

.062

.611*

.138

.622

.050

.1*03

.661

.799

.791

.603

.200

.538

.567

.228

.1*52

.158

.2U6

.600

.079

.509

.680) (

.669) (

.865) {

.319) (

.557) (

-3967.
-1*269.
-U568.
-1*858.
-5133.
-5383.
-5600.
-5771.
-5885.
-5926.

-5875.
-5712.
-51(12.
-1*91*6.
-1*279.
-3369.
-21G9.
-618.
1356.
3839.

6937.
10783.)
1551*0.) .
21U13.)
2866U. )
37626.)

20.1*2
20.51
20.61
20.70
20.80
20.90
21.00
21.11
21.21
21.32

21.1*3
21.5U
21.65
21.77
21.89
22.01
22.13
22.25
22.38
22.51

22.6U
22.77
22.91
23.05
23.19
23.31*

37.372
38.086
38.795
39.501
1*0.201*
1*0.906
1*1.609
1*2.313
1*3.021
lt3.73U

1(1*. 1*56
1*5.187
1*5.933
1*6.695
U7.i*79
1*8.288
1*9.130
50.009
50.935
51.918

52.908
( 51*. 101)
( 55.33U)
( 56.691)
( 58.198)
( 59.892)

80.
78.
77.
76.
71*.
73.
72.
71.
69.
08.

67.
05.
61*.
63.
61.
60.
59.
57.
56.
51*.

53.
( 51.
( U9.
( U7.
( US.
( 1*3.

195
81*9
518
200
893
595
305
018
735
i«50

162
867
561
2UO
900
53t*
136
700
215
672

058
358)
553)
620)
531)
21*8)

117.567
116.935
116.313
115.701
115.097
111*. 502
113.913
113.332
112.755
112.181*

111.618
111.051*
110. U9I.
109.936
109.379
108.822
108.266
107.709
107.150
106.590

106.026
(105.1*59)
(101*. 887)
(104.311)
(103.729)
(103.1UO)

13682.
14022.
1U36I*.
11*708.
15051*.
151*03.
15756.
16114.
161*78.
1681*8.

17226.
17613.
18012.
181*21*.
18851.
19297.
19761*.
20258.
20782.
213U3.

219U8.
( 22606.)
( 23329.)
( 2U130.)
( 25028.)
( 2601*5.)

36902.
36637.
36366.
36087.
35800.
35505.
35199.
31*883.
31*555.
31*211*.

33858.
331*85.
3309U.
32682.
3221*6.
31781*.
31291.
30763.
30195.
29580.

28911.
( 28179.)
( 27371.)
( 261*73.)
( 25U67.)
( 2U330.)

50581*.
50660.
50730.
50795.
50851*.
50908.
50956.
50997.
51033.
51062.

51081*.
51098.
51106.
51105.
51097.
51080.
51055.
51021.
50977.
50923.

50860.
( 50785.)
( 50700.)
( 50601*.)
( 50U95.)
( 50375.)

SO

o
25 
w
25 
H

W 
O

O

d
H 

O

NOTE. Data contained in parentheses were calculated by extrapolation of the functions beyond their range. w



w
£t 
04

Mr-
Table

t
<°C)

80.
85.
90.
95.

100.
105.
110.
115.
120.
125.
130.
135.
1UO.
11*5.

150.
155.
160.
1G5.
170.
175.
ISO.
185.
190.
195.

13. NaCl concentration:

P

(bars)

O.UOO
O.U88
0.592
0.71U

0.856
1.021
1.211
1.U29
1.679
1.963
2.285
2.61*9
3.059
3.518

i*.031
U.602
5.236
5.937
G.712
7.5GU
8.1*99
9.523

10.61*2
11.861

dL

-3
(g cm )

1.116
1.113
1.110
1.107

1.10U
1.100
1.097
1.093
1.090
1.086
1.082
1.078
1.075
1.071

1.067
1.062
1.058
1.051*
1.050
l.OU I)
1.01*1
1.037
1.033
1.028

V L

4.2777mol/kgHaO '

§* 

(cm mol ) (J mol K )

22.81*
22.87
22.90
22.93

22.95
22.97
22.98
22.99
22.99
22.98
22.97
22.95
22.92
22.88

22.82
22.76
22.69
22.60
22.1*9
22.37
22.23
22.08
21.90
21.70

-3U. 981
-31*. U25
-33.852
-33.265

-32.665
-32.053
-31.U29
-25.301*
-25.272
-25.280
-25.331
-25.1*25
-25.565
-25.71*9

-25.979
-26.253
-26.570
-2G.927
-27.323
-27.753
-28.211*
-28.700
-29.205
-29.722

HaL

(J mol" 1)

-1*167.
-3985.
-3795.
-3597.

-3392.
-3179.
-2959.

-6U5.
-652.
-675.
-715.
-775.
-85U.
-953.

-1073.
-1213.
-1371*.
-1556.
-1756.
-1975.
-2211.
-21*61.
-2721*.
-2996.

V L

(cm mol

18.73
18.78
18.83
18.89

18.91*
19.00
19.06
19.12
19.19
19.25
19.32
19.39
19.U6
19.53

19.60
19.68
19.75
19.83
19.91
19.99
20.08
20.16
20.25
20.31*

20.00 wt percent

SL
AS

SG

7.155 mol

HL

) (JmorV 1)

16.U31
17.1*36
18.1*31
19.1*16

20.391
21.356
22.307
23.61*1
21*. 527
25.399
26.258
27.10U
27.936
28.756

29.56U
30.360
31.1U5
31.919.
32.682
33.1*36
31*. 180
31*. 916
35.61*1*
36.361*

122.11*5
119.921*
117.757
115.61*0

113.570
111.550
109.577
107.255
105.1*11
103.610
101.851
100.131

98.1*1*9
96.803

95.192
93.613
92.066
90.5U8
89.058
87.595
86.156
8U. 7UO
83.3U7
81.973

138.576
137.360
136.187
135.055

133.962
132.906
131.881*
130.895
129.938
129.009
128.109
127.235
126.386
125.560

121*. 756
123.971*
123.211
122.U67
121.71*0
121.031
120.336
119.656
118.990
118.337

5189.
55U5.
5903.
6262.

6623.
6981*.
731*5.
7856.
8202.
851*6.
8889.
9231.
9572.
9912.

10251.
10590.
10927.
11263.
11599.
11935.
12270.
12605.
1291*0.
13276.

percent

AH

(J mol" 1 )

1*21*58.
1*2251*.
1*201*8.
1*1838.

1*1625.
U1U10.
U1192.
1*0822.
1*0616.
1*01*08.
1*0199.
39987.
39771*.
39559.

3931*2.
39122.
38900.
38675.
381*1*6.
3821U.
37979.
37739.
371*95.
3721*5.

HG

U76U6.
1*7799.
1*7950.
1*8100.

1*821*8.
1*8393.
1*8537.
1*8678.
1*8817.
1*8951*.
1*9088.
1*9219.
1*931*7.
1*91*72.

1*9593.
1*9712.
1*9827.
1*9938.
5001*6.
501U9.
5021*9.
5031*1*.
501*35.
50521.

H 
> 
W

w
CO

O
r



200.
205.
210.
215.
220.
225.
230.
235.
21*0.
2i»5.

250.
255.
2GO.
2C5.
270.
275.
280.
285.
290.
295.

300.
305.
310.
315.
320.
325.

13
lit
1C
17
19
21
23
25
2B
30

33
36
39
U3
UG
50
5U
58
63
67

. 72
( 77
( 83
( 89
( 95
(101

.186

.623

.179

.861

.675

.627

.725

.976

.387

.9b6

.719

.655

.782

.108

.f>l|0

.388

.350

.565

.012

.710

.669

.899)

.l»ll)

.211*)

.321)

.71*2)

1
1
1
1
1
1
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0

.021*

.019

.015

.010

.005

.001

.996

.991

.086

.981

.977

.972

.967

.962

.957

.952

.9U7

.01*2

.937

.932

.927

.922

.916

.911'

.906

.901

21.1*8
21.23
20.96
20.65
20.31
19. 9U
19.53
19.07
18.57
18.02

17.U1
16.75
16.02
15.22
11*. 33
13.36
12.29
11.12
9.82
8.UO

6.83
5.09 (
3.18 (
1.07 (

-1.25 (
-3.80 (

-30.2UI*
-30.760
-31.261
-31.733
-32.163
-32.531*
-32.829
-33.02C
-33.100
-33.025

-32.7f,6'
-32.289
-31.51*7
-30.1*92
-29.0C3
-27.190
-2U. 790
-21.761*
-17.993
-13.331*

-7. Gil
-0.611) (
7.931) (

18.31*7) (
31.053) (
1*6.586) (

-327U.
-3553.
-3828.
-1*093.
-i»3i»l.
-U56U.
-1*751.
-1*893.
-i*q7'i.
-1*980.

-1*893.
-1*691.
-l*3l*9.
-3838.
-3123.
-2160.
-902.
713.

2756.
5317.

8503.
121*1*8. )
17317.)
23319. )
30720.)
39858.)

20.1*2
20.52
20.61
20.70
20.80
20.90
20.99
21.10
21.20
21.30

21. U1
21.52
21.63
21.71*
21.85
21.96
22.08
22.20
22.32
22.1*1*

22.56
22.69
22.81
22.91.
23.07
23.20

37
37
38
39
39
1*0
1*1
1*1
1.2
1*3

1*1*
l«l*
U5
1*6
1*7
1*7
US
1*9
50
51

52
( 53
( 55
( 56
( 58
( 59

.079

.788

.1*92

.193

.891

.589.288"^

.988

.693

.I*OU

.121*

.856

.602

.367

.155

.971

.822

.713

.655

.658

.731*

.898) (

.171) (

.577) (

.1UU) (

.913) (

80.
79.
77.
76.
75.
71*.
72.
71.
70.
68.

67.
66.
05.
G3.
62.
61.
59.
58.
56.
55.

53.
51.
1*9.
U7.
U5.
U3.

617
278
955
6i*i*
3i»i»
053
769
1*89
211
932

ei»9
358
055
736
396
028
627
181*
689
132

500
775)
938)
965)
82(t)
U76)

117.696
117.066
116.1*1*6
115.836
115.235
11U. 61*2
111*. 057
113. U78
112.90U

. 112.337

111.773
111.211*
110.657
110.103
109.551
109.000
108.1*1*9
107.897
107.3UI*
106.790

106.233
(105.673)
(105.109)
(10U. 51*1)
(103.968)
(103.389)

13612.
13950.
11*289.
1U630.
11*973.
15320.
15671.
16027.
16389.
16757.

17131*.
17521.
17920.
18333.
18762.
19211.
19683.
20183.
20715.
21287.

21906.
( 22582.)
( 23327.)
( 21*156.)
( 25089.)
( 261U9.)

36991.
36730.
36U63.
36188.
35906.
35615.
35311*.
35002.
31*678.
3U3U1.

33988.
33619.
33230.
32821.
32387.
31925.
311*31.
30901.
30329.
29709.

29031.
( 28286.)
( 27U62.)
( 265U2.)
( 25508.)
( 2U33I*.)

50603.
50680.
50752.
50818.
50879.
50935.
50985.
51029.
51067.
51098.

51122.
5111*0.
51150.
51153.
5111*8.
51135.
51111*.
51081*.
5101*1*.
50996.

50937.
( 50868.)
( 50789.)
( 50699.)
( 50597.)
( 501*81*.)

JB 
Q
O 
O
§*a 
o 
2 
w

W 
O

o 
2
s» 
O

c« 
o

O
2
CO

NOTE. Data contained in parentheses were calculated by extrapolation of the functions beyond their range. w
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200.
205.
210.
215.
220.
225.
230.
235.
21*0.
2<*5.

250.
255.
260.
265.
270.
275.
280.
285.
290.
205.

300.
305.
510.
315.
320.
325.

13
lit
16
17
10
21
23
25
28
30

33
36
39
i»2
1*6
1*9
53
58
62
67

72
( 77
( 82
( 88
( 9U
(100

.001

.1)86

.028

.695

.i»92

.1*27

.507

.738

.120

.083

.U12

.323

.1*22

.718

.220

.935

.872

.01*0

.1*1*7

.101*

.020

.203)

.066)

.1*18)

.1*70)

.831*)

1.030
1.02C
1.021
1.017
1.012
1.007
1.003
0.998

"0.993
0.989

0.981*
0.979
0.971*
0.969
0.961*
0.960
0.955
0.950
0.91*5
0.91*0

0.935
0.930
0.925
0.921
0.916
0.911

21.07
21.75
21.50
21.22
20.91
20.57
20.19
19.77
19.31
18.80

18.21*
17.62
16.91*
16.19
15.36
11*. 1*5
13.1*5
12.35
11.11*
9.81

8.33
6.71
U.93
2.96
O.S1

-1.55

-30
-30
-30
-31
-31
-32
-32
-32
-32
-32

-32
-31
-30
-29
-28
-20
-23
-20
-16
-12

-6
( 0
( 9
( 20
{ 33
( 1*8

.013

.1*93

.956

.389

.779

.109

.361

.513

.51*1

.1.16

.106

.573

.771*

.657

.161

.216

.739

.628

.765

.003

.166

.961) (

.61*8) (

.228) (

.121*) (

.878) (

-2728.
-2939.
-32U7.
-3U93.
-3722.
-3921*.
-1*091.
-1*210.
-1*207.
-U2U8.

-Iil3i*.
-3901*.
-3531.
-2987.
-2236.
-123U.

67.
1728.
3821*.
61*1*3.

9691*.
13712.)
18665. )
2U76U.)
32277.)
1*151*8.)

20.1*3
20.52
20.61
20.70
20.80
20.89
20.99
21.09
21.19
2U29

21.39
21.50
21.61
21.71
21.82
21.93
22.05
22.16
22.27
22.39

22.51
22.62
22.71*
22.86
22.99
23.11

36
37
38
38
39
1*0
1*1
Ul
1*2
1*3

1*3
1*1*
1*5
1*6
1*6
1*7
US
1*9
50
51

52
( 53
( 55
( 56
( 58
( 59

.81*5

.550

.251

.91*8

.61*3

.338

.033

.731

.1*31*

.11*1*

.863

.59U

.31.2

.109

.901

.723

.580

.1*82

.1*37

.1*56

.553

.71*1*)

.01*9)

.1*91*)

.111)

.91*0)

80
79
78
76
75
7U
73
71
70
69

68
66
65
61*
62
61
60
58
57
55

53
( 52
( 50
( 1*8
( 1*6
( 1.3

.951.

.621

.302

.997

.702

.1*16

.137

.862

.589

.311*

.031*

.71*6

.1*1*5

.127

.786

.1*17

.012

.563

.060

.1*91

.8U2

.097)

.23U)

.227)

.01*1*)

.61.3)

117
117
116
115
115
111*
111.
113
113
112

111
111
110
110
109
109
108
108
107
106

106
(105
(105
(101*
(101*
(103

.800

.171

.553

.91*5

.31*5

.751*

.171

.591*

.023

.1*58

.897

.31*0

.787

.236

.687

.139

.592

.01*5

.1*97

.91*7

.396

.81*1)

.283)

.721)

.151*)

.583)

13558.
13891*.
1U231.
1U570.
11*918.
15257.
15606.
15960.
16320.
16688.

17061*.
171*51.
17850.
1826U.
18695.
1911*6.
19622.
20127.
20667.
2121*7.

21878.
( 22568.)
( 23332.)
( 21*181*.)
( 2511*1*.)
( 2621*0.)

37059.
36802.
36538.
36267.
35988.
35700.
351*02.
35091*.
31*773.
31*1*38.

3U089.
33722.
33335.
32927.
32i»9U.
32032.
31538.
31006.
30U30.
29801*.

29119.
( 2836U.)
( 27526.)
( 26589.)
( 25531.)
( 2U328.)

50618. '
50696.
50769.
50837.
50899.
50956.
51008.

. 51051*.
51093.
51126.

51153.
51173.
51185.
51191.
51189.
51178.
51160.
51133.
51097.
51052.

50997.
( 50933.)
( 50858.)
( 50772.)
( 50676.)
( 505G8.)

o

o 
o

o 
2:
M
2:

W 
O

Q

05 
Ot-1

o
2:
OQ

NOTE. Data contained in parentheses were calculated by extrapolation of the functions beyond their range. w
£t 
CO



w
CH
o

Table 15. NaCl concentration:

t
(°C)

80.
85.
90.
95.

100.
105.
110.
115.
120.
125.
130.
135.
11*0.
11*5.

150.
155.
160.
1C5.
170.
175.
180.
185.
190.
195.

P

(bars)

0.385
0.1*70
0.571
0.689

0.826
0.986
1.169
1.381
1.622
1.898
2.210
2.562
2.959
3. 1*01*

3.901
i».l»5l»
5.069
5.750
6.501
7.328
8.235
9.229

10.315
11.1*98

4

(g cm" )

1.137
1.131*
1.131
1.128

1.121*
1.121
1.117
l.lli*
1.110
1.106
1.103
1.099
1.095
1.091

1.087
1.083
1.079
1.075
1.070
1.066
1.062
1.058
1.053
1.0U9

V L

(cm mol )

23.21*
23.30
23.36
23.U1

23.1*7
23.52
23.56
23.61
23.65
23.68
23.71
23.73
23.71*
23.75

23.75
23.73
23.71
23.68
23.63
23.57
23.50
23.1*1
23.30
23.18

5. 0000 mol /kg H O '

«£

(Jmol^K-1)

-36.61*9
-35.997
-35.326
-3I*.6U1

-33.9U1
-33.228
-32.500
-26.050
-25.931*
-25.856
-25.821
-25.828
-25.880
-25.976

-26.116
-26.299
-26.52U
-26.789
-27.091
-27.1(26
-27.789
-28.176
-28.580
-28.99U

5f

(J mol" 1)

-31(32.
-3216.
-2991.
-2757.

-2515.
-2265.
-2006.

U32.
1*58.
1*69.
U62.
1*38.
391*.
331.

2U9.
1U6.

21*.
-117.
-277.
-i(5<( .
-61(6.
-852.

-1069.
-1291*.

V L

. 3 -1
(cm mol ]

18.78
18.83
18.88
18.9U

18.99
19.05
19.11
19.17
19.21*
19.30
19.37
19.U3
19.50
19.57

19.65
19.72
19.80
19.87
19.95
20.03
20.11
20.19
20.28
20.36

22.61 wt percent

S L AS SG

8.263 mol percent

HL

| (Jmol^K" 1 )

15.757
16.762
17.757
18.71*2

19.718
20.686
21.637
23.052
23.931
21*. 797
25.61*9
26.1*87
27.311
28.123

28.921
29.708
30.1(83
31.21(6
31.998
32.71*1
33.1(73
3U.197
3'*. 913
35.622

123.133
120.911
118.7U2
110.62U

111*. 553
112.528
110.555
108.152
106.31U
10U.520
102.768
101.057

99.381*
97.7*8

96.11*6
91*. 579
93.01*3
91.538
90.061
88. Gil
87.187
85.786
81*. 1*08
83.0U9

138.891
137.673
136.1*99
135.366

131*. 271
133.211*
132.192
131.203
130.2U5
129.317
128.1*17
127.51*3
126.695
125.870

125.068
12U. 287
123.526
122.781*
122.059
121.352
120.660
119.983
119.321
118.671 .

5067.
51*21*.
5781.
611*0.

6501.
6863.
7221*.
7766.
8108.
81*1*9.
8789.
9128.
91*66.
9802.

10137.
101*70.
10803.
11135.
111*65.
11795.
12125.
12U5I*.
12783.
13113.

aH

(J mol" 1 )

1(2583.
1*2380.
U2175.
1(1966.

l»175U.
1*1538.
1(1322.
1*0923.
1*0721.
1*0517.
1*0312.
1*0106.
39898.
39689.

391*77.
39261*.
3901*8.
38830.
38610.
38386.
38158.
37927.
37692.
371*52.

H G

1*7651.
1*7801*.
1*7956.
1*8106.

1*8255.
1*81*02.
1*851*6.
1*8689.

. 1*8829.
U8966.
U9102.
1*9231*.
1*9361*.
1*91*90.

1*9611*.
1*9731*.
1*9851.
1*9965.
50075.
501-81.
50283.
50382.
50U76.
50565.

f
» (

s

M

W 
f 
H 
CQ

05

CO 
O



200.
205.
210.
215.
220.
225.
230.
235.
21(0.
21*5.

250.
255.
260.
265.
270.
275.
280.
285.
290.
295.

300.
305.
310.
315.
320.
325.

12.785
11*. 181
15.692
17.326
19.088
20.985
23.023
25.211
27.551*
30.060

32.736
35.590
38.630
1*1.863
1*5.297
1*8.91*1
52.803
56.891
61.211*
65.782

70.603
( 75.688)
( 81.01*6)
( 86.687)
( 92.622)
( 98.863)

l.OUl*
l.OUO
1.036
1.031
1.027
1.022
1.017
1.013
1.008
l.OOl*

0.999
0.991*
0.990
0.985
0.981
0.976
0.971
0.967
0.962
0.958

0.953
0.9U9
0.9UI*
0.9UO
0.936
0.932

23.03
22.86
22.67
22.1*6
22.21
21. 9<*
21.63
21.29
20.91
20.1*9

20.02
19.50
18.93
18.29
17.59
16.82
15.97
15.03
13.99
12.85

11.59
10.22
8.70
7.05
5.26
3.33

-29
-29
-30
-30
-30
-31
-31
-31
-31
-31

-30
-30
-29
-27
-26
-21*
-21
-18
-11*
-9

. -3
( I*
( 13
( 21*
( 37
( 53

.1*10

.818

.207

.565

.876

.125

.292

.356

.291

.070

.657

.016

.102

.861

.233

.1U6

.513

.233

.183

.215

.11*9

.237) (

.217) (

.133) (

.U19) (

.630) (

-1522.
-1751.
-1973.
-2183.
-2373.
-253G.
-2660.
-2735.
-27U6.
-2677.

-2511.
-2223.
-1790.
-1180.
-358.
721.

2108.
3863.
6061*.
8799.

12182.
163U9. )
211*73.)
27770.)
35513.)
1*5058. )

20.U5
20.53
20.62
20.71
20.80 .
20.90
20.99
21.08
21.18
21.28

21.38
21.1*8
21.58
21.68
21.78
21.88
21.99
22.09
22.19
22.30

22. UO
22.51
22.61
22.72
22.82
22.93

36.321*
37.020
37.713
38.1*02
39.090
39.778
1*0.1*67
1*1. 1GO
U1.859
1*2. 5G6

1*3.281*
1*1*. 016
1*1*. 767
1*5.51*0
1*6.31*1
U7.176 "
1*8.052
1*8.978
1*9.963
51.021

52.166
( 53.1*16)
( 51*. 795)
( 56.330)
( 58.059)
( 60.026)

81.710
80.387
79.080
77.785
76.501
75.226
73.957
72.G92
71.1*27
70.160

68.887
67.603
66.305
6U. 988
63.61(5
62.270
60.855
59.390
57.866
56.269

51*. 583
( 52.789)
( 50.865)
( 1*8.780)
( U6.U98)
( 1*3.973)

118
117
116
116
115
115
ll't
113
113
112

112
111
111
110
109
109
108
108
107
107

106
(106
(105
(105
(10U
(103

.031*

.1*08

.793

.188

.592

.001*

.1(25

.852

.286

.726

.171

.620

.072

.528

.986

.1*1*6

.907

.368

.830

.290

.71*9

.205)

.659)

.110)

.557)

.999)

131*1*3.
13771*.
11*107.
li»i*i*2.
1U779.
15121.
15466.
15817.
16175.
1651*1.

16916.
17302.
17703.
18119.
18551*.
19012.
191*97.
2001U.
20570.
21172.

21829.
( 22552.)
( 23357.)
( 21*261.)
( 25287.)
( 261*63.)

37208.
36957.
36700.
361*36.
361EI*.
35883.
35592.
35290.
3U976.
3U6U8.

31*303.
3391*1.
33559.
33153.
32721.
32259.
31762.
31221*.
306UO.
30001.

29298.
( 28518.)
( 276U7.)
( 26G68.)
( 25556.)
( 2U283.)

50650.
50731.
50S07.
50878.
509U3.
51001*.
51059.
51108.
51151.
51188.

51219.
512U1*.
51261.
51272.
51275.
51271.
51259.
51239.
51210.
51173.

51126.
( 51070.)
( 51005.)
( 50929.)
( 508U3.)
( 507U6.)

O 
O

w 
O
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H
HH
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CO

NOTE. Data contained in parentheses were calculated by extrapolation of the functions beyond their range. w
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Table 16. NaCl concentration: 5.5000mol/kg HQ 24.32 wt percent 9.015 mol percent

t
<°0

80.
85.
90.
95.

100.
105.
110.
115.
120.
125.
130.
135.'
11*0.
11*5.

150.
155.
160.
165.
170.
175.
180.
185.
190.
195.

P

(bars)

0.375
O.U58
0.556
0.671

0.805
0.961
1.11*0
1.3U6
1.533
1.851
2.156
2.501
2.889
3.321*

3.810
U.352
i».95U
5.620
6.355
7,165
8.051.
9.027

10.091
11.251

dL

(g cm" )

1.151
1.1U8
1.1U5
1.1U2

1.138
1.135
1.131
1.128
1.121*
1.120
1.116
1.112
1.108
1.10U

1.100
1.096
1.092
1.088
1.081*
1.080
1.075
1.071
1.067
1.062

V L

(cm mol )

23.50
23.57
23.65
23.73

23.80
23.87
23. 9U
2U.01
21*. 07
21*. 13
21.. 19
21*. 21*
2I..28
21.. 32

2U.35
2k. 37
21.. 38
21*. 38
2U.37
21*. 35
21*. 32
21*. 28
21*. 21
21*. 11*

*
(Jmol^K"1)

-37.1*08
-36.696
-35.965
-35.219

-3i*.i»58
-33.683
-32.892
-26.2U6
-26.079
-25.951
-25.fG'i
-25.821
-25.821
-25.8G6

-25.955
-26.086
-26.259
-26.1*72
-26.721
-27.002
-27.311
-27.61*1*
-27.902
-28.350

H^

(J mol" 1)

-281*5.
-2608.
-2362.
-2106.

-181*1.
-15P8.
-1286.

1227.
1273.
1303.
1317.
1312.
1290.
121*8.

1187.
1106.
1006.
887.
750.
597.
1*28.
21.7.
55.

-1U1*.

V L

(cm mol" )

18.82
18.87
18.92
18.97

19.03
19.09
19.15
19.21
10.27
19.31*
19.UO
19.1*7
19.51*
19.61

19.68
19.76
19.83
19.91
19.98
20.06
20.11*
20.22
20.30
20.39

S L
AS

s° H L

i (J mol" 1 K" 1)

15.271*
16.280
17.276
18.262

19.239
20.208
21.162
22.631*
23.510
21*. 371
25.219
26.052
26.872
27.678

28.U71
29.252
30.020
30.777
31.523
32.258
32.983
33.700
3I..I.08
35.109

123.850
121. G25
119.1*51*
117.333

115. 2GO
113.232
111.255
108.791.
106.959

, 105. 1G9
103.1.21
101.711*
100.0U5

98.U11*

96.819
95.258
93.729
92.231
90.761
89.320
87.901*
86.512
85.11.3
83.79U

139.125
137.905
156.729
135.595

131*. 1*99
133.U1»1
132.U18
131.U28
130.U69
129.51.0
128.61*0
127.766
126.917
126.092

125.290
121*. 509
123.71*9
123.008
122.281*
121.578
120.887
120.212
119.551
118.903

1*981*.
531*0.
5698.
6057.

6U18.
6780.
71U2.
7705.
801*6.
8386.
872U.
9061.
9396.
9730.

10062.
10393.
10722.
11051.
11378.
11705.
12031.
12356.
12682.
13007.

AH

(J mol" 1)

U2670.
1*21*68.
1*2262.
1*2051*.

U181.2.
U1627.
|»1U10.
1*0990.
1*0790.
1*0590.
1*0387.
U018U.
39980.
3977U.

39566.
39357.
391U6.
38933.
38717.
381.98.
38276.
38051.
37821.
37588.

HG

i»765i».
I.7S08.
1.7960.
U8111.

1.8260.
1*81*07.
U8553.
1*8696.
1*8837.
1.8975.
U9111.
i»92U5.
U9376.
U9503.

U9S28.
1.9750.
1)9868.
U998U.
50095.
50203.
50307.
501.07.
50503.
50595.

w
r
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200.
205.
210.
215.
220.
225.
230.
235.
21*0.
2i»5.

250.
255.
260.
265.
270.
275.
280.
285.
290.
295.

300.
305.
310.
315.
320.
325.

12
13
15
1C
18
20
22
21*
26
29

32
3U
37
Ul
l»lt
i»7
51
55
60
6 it

69
( 7I»
{ 79
( 85
( 90
( 97

.512

.880

.362

.96U

.691

.552

.551

.697

.996

.1*55

.081

.882

.865

.038

.1*09

.986

.777

.791

.035

.520

.25U

.2U6)

.507)

.OU6)

.871*)

.002)

1.058
1.05U
1.01(9
1.01*5
1.0i»0
1.036
1.031
1.027
1.022
1.018

1.013
1.009
1.005
1.000
0.996
0.991
0.987
0.983
0.978
0.97U

0.970
0.966
0.962
0.958
0.9514
0.951

2k. Ok

23.93
23.79
23.63
23.U5
23. 21*
23.01
22. 7U
22.i»U
22.10

21.71
21.29
20.82
20.29
19.71
19.07
18.35
17.57
16.70
15.71*

11*. 70
13.55
12.30
10.95
9.50
7.97

-28
-29
-29
-29
-29
-30
-30
-30
-30
-29

-29
-28
-27
-26
-2U
-22
-19
-16
-11
-6

-0
( 7
( 16
( 27
( Ul
( 57

.709

.058

.387

.682

.930

.112

.210

.202

.063

.762

.266

.536

.527

.185

.1*1*7

.21*1

.1*78

.055

.81*7

.703

.1*39

.170) (

.1*05) (

.616) (

.21.5) (

.862) (

-3U5.
-5U6.
-7UO.
-920.

-1079.
-1209.
-1300.
-1338.
-1311.
-1202.

-992.
-659.
-176.
1*88.

1370.
2511*.
3972.
5807.
8095.

10931.

11*1*26.
18722. )
23995.)
30U65.)
38U12.)
1*8200.)

20.1*7
20.56
20.GU
20.73
20.82
20.91
21.00
21.09
21.18
21.28

21.37
21.1*7
21.56
21.66
21.75
21.85
21.95
22.01*
22.11*
22.23

22.33
22.1*2
22.51
22.60
22.69
22.78

35
36
37
37
38
39
39
1*0
1*1
1*1

1*2
1*3
I* I*
kk
1*5
1*6
1*7
1*8
1*9
50

51
( 53
( 5U
( 56
( 58
( 60

.803

.1*92

.177

.860

.5U1

.223

.907

.595

.290

.995

.713

.1*1*7

.201

.981

.793

.61*2

.537

.1*87

.501*

.601

.79U

.106)

.559)

.187)

.029)

.136)

82.1*65
81.152
79.85U
78.569
77.295
76.029
71*. 769
73.512
72.25i(
70.993

09.725
68.UU5
67.11*8
65.829
6U. U82
63.100
61.672
60.191
58.61*3
57.015

55.289
( 53.UI*!*)
( 51.1*55)
( 1*9.289)
( H6.905)
( 1*1*. 253)

118.268
117.6UU
117.031
116.U29
115.836
115.252
lit*. 675
111*. 107
113. 5UI.
112.988

112.1.37
111.891
111.31.9
110.811
110.275
109.71.1
109.209
108.678
108.11.7
107.616

107.08U
(106.550).
(106.011.)
(105.1.76)
(10U.93U)
(101.. 389)

13333.
13661.
13989.
11.321.
11*651*.
11*992.
15335.
15683.
16038.
161*02.

16777.
17161*.
17565.
179811.
18U21*.
18890.
19381*.
199H*.
20U87.
21110.

2179U.
( 22552.)
( 23399.)
( 21*355.)
C 25l»<*7.)
( 26705.)

373U9.
37105.
36851*.
36597.
36331.
36057.
35773.
351*77.
35168.
3U8I.5.

3U506.
31*11*8.
33769.
33365.
32933.
321*69.
31968.
311*21*.
30830.
30176.

291*53.
( 2861*7.)
( 277U2.)
( 26719.)
( 25551.)
( 2U205.)

50682.
50765.
508UU.
50917.
50986.
510U9.
51107.
51160.
51207.
512U8.

51283.
51312.
51331*.
513U9.
51358.
51359.
51353.
51338.
51316.
51286.

512U7.
( 51198.)
( 511U1.)
( 51071*.)
( 50997.)
( 50911.)

s
o 
o

o 
25

W 
O

o

OT 
O
r 
d

NOTE. Data contained in parentheses were calculated by extrapolation of the functions beyond their range. w
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Table 17. NaCl concentration: 5.7036mol/kg HaO 25.00 wt percent 9.318 mol percent

t
t°0

80.
85.
90.
95.

100.
105.
110.
115.
120.
125.
130.
135.
1UO.
11*5.

150.
155.
160.
ItiS.
170.
175.
180.
185.
ISO.
105.

P

(bars)

0.370
0.1(53
0.550
0.663

0.79G
0.950
1.128
1.332
1.566
1.832
2.13U
2.1*76
2.860
3.291

3.773
1*.310
i».907
5.567
6.296
7.099
7.980
8.91*6

10.001
11.151

dL

(g cm" )

1.157
1.151*
1.150
1.11(7

1.1UU
1.11*0
1.137
1.133
1.129
1.125
1.122
1.118
l.lli*
1.110

1.106
1.102
1.098
1.093
1.089
1.085
1.081
1.076
1.072
1.068

V L <£

(cm mol ) (J mol K )

23.60
23.68
23.77
23.85

23.93
2U. 01
21*. 09
21*. 17
21*. 2U
21*. 31
21*. 38
21). 1)1)
2U. 1*9
21*. 51*

21*. 58
2U.62
21*. 6U
21*. 66
21*. 67

  21*. 66
21*. 65
21*. 62
21*. 57

.21). 51

-37.633
-36.897
-36.1U3
-35.37i(

-3i(.589
-33.791
-32.977
-26.257
-26.071
-25.921*
-25.819
-25.756
-25.738
-25.76U

-25.83U
-25.91*7
-26.102
-26.296
-26.526
-26.788
-27.079
-27.392
-27.721
-28.060

HaL

(J mol" 1 )

-2589.
-231*3.
-2088.
-182i(.

-1551.
-1269.
-978.
1563.
1616.
1653.
1671*.
1678.
1663.
1629.

1575.
1502.
1U10.
1299.
1170.
1025.
865.
692.
509.
319.

V L

(cm mol

18.83
18.88
18.91*
18.99

19.05
19.11
19.17
19.23
19.29
19.35
19.1*2
19.1*9
19.56
19.63

19.70
19.77
19.85
19.92
20.00
20.08
20.16
20.2U
20.32
20.UO

SL   as SG HL

) (J mol" 1 K" 1 )

15.071*
16.080
17.076
18.063

19.01*1
20.011
20.966
22.1*61
23.336
2U. 196
25.01*2
25.873
26.691
27.1*95

28.286
29.0C5
29.831
30.585
31.328
32.060
32.783
33.U96
3U.202
3U. 899

121*. 150
121.921*
119.751
117.628

115.551*
113.525
111.51*6
109.061
107.227
105.U38
103.691
101.985
100.318
98.689

97.096
95.537
91*. Oil
92.515
91.01*9
89.610
88.198
86.809
85.1*1*3
8U.098

139.221*
138.001*
136.827
135.692

131*. 595
133.536
132.513
131.522
130.563
129.633
128.732
127.858
127.009
126.185

125.382
121*. 602
123.8U1
123.100
122.377
121.671
120.980
120.306
119.61*5
118.998

U9i(9.
5306.
566U.
6023.

6381*.
071*7.
7109.
7681.
8021.
8360.
8698.
9033.
9368.
9701.

10032.
10362.
10690.
11018.
113UI*.
11669.
11991*.
12318.
1261*1.
12965.

4H

(J mol" 1)

1*2706.
1(2503.
1*2298.
1*2090.

1*1878.
1*1663.
1*11*1*6.
1)1018.
U0819.
1*0619.
UOU18.
U0216.
1*0013.
39808.

39602.
39391*.
39185.
38973.
38759.
3851*3.
38323.
38100.
37873.
376U1.

HG

1*7655.
1*7809.
U7962.
1*8113.

1*8262.
1*81(10.
U8555.
1*8699.
1*881*0.
1*8979.
1*9115.
1(921(9.
1*9380.
1*9509.

U963I*.
1*9756.
1*9875.
1(9991.
50103.
50212.
50316.
50U17.
50511*.
50607.
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200.
205.
210.
215.
220.
225.
230.
235.
2UO.
2i«5.

250.
255.
2CO.
265.
270.
275.
280.
285.
290.
235.

300.
305.
310.
315.
320.
325.

12
13
15
16
18
20
22
2k

26
20

31
3li
37
1*0
l*l*
i»7
51
55
53
6l|

68
( 73

  ( 78
( 8U
( 'JO
( 06

.U01

.759

.229

.818

.532

.378

.363

.1*92

.773

.211*

.820

.601

.562

.712

.058

.009

.373

.357

.572

.02i»

.725

.682)

.905)

.1*05)

.192)

.277)

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
0.
0.
0.
0.
0.

0.
0.
0.
0.
0.
0.

063
059
055
050
01*6
Oi»l
037 .
032
028
021*

019
015
010
OOC
002
997
993
989
985
981

977
973
969
965
962
958

2i«.i|i»
2U.35
2U.23
21*. 10
23.9I»
23.76
23.55
23.31
23. OU
22.73

22.38
22.00
21.56
21.38
20.55
19.95
19.29
18.57
17.77
16.88

15.92
Id. 86
13.72
12. U8
11.16
9.79

-28
-28
-23
-29
-29
-29
-29
-29
-29
-29

-28
-27
-26
-25
-23
-21
-18
-15
-10
-5

0
( 8
( 17
( 28
( U2
( 59

.398

.727

.035

.309

.53it

.691*

.769

.736

.570

.2if2

.718

.957

.915

.537

.761

.512

.703

.230

.905

.757

.578

.270) (

.599) (

.918) (

.676) (

.1*1*6) (

127.
-L'U.

-21*8.
-l»18.
-567.
-686.
-76d.
-791.
-751.
-628.

-i»03.
-53.
l»U7.

1130.
2033.
3200.
i»683.
65i»6.

' 88C7.
11738.

1527U.
19G18. )
21*91*6. )
31U79. )
39503.)
It9382. )

20. US
20.57
20.60
20.71*
20.83
20.92
21.01
21.10
21.19
21.28

21.37
21.1*7
21.56
21.65
21.75
21.81*
2i:9i*
22.03
22.12
22.21

22.30
22.39
22.U8
22.57
22.65
22.71.

35.
36.
36.
37.
38.
38.
39.
UO.
1*1.
M.

1*2.
U3.
U3.
1*1).
1*5.
1*6.
1*7.
US.
Ii9.
50.

51.
( 52.
( 5U.
( 56.
( 58.
( 60.

591
277
959
639
317
997
678
365
059
763

,1*81
,216
,972
755
570
1*26
328
289
318
1*32

,61*6
.982)
,1*66)
,132)
,020)
,185)

. 82
81
80
78
77
76
75
73
72
71

70
68
67
66
61*
63
62
60
58
57

55
( 53
( 51
( 1*9
( 1*7
( 1*1*

.772

.U63

.169

.888

.617

.355

.098

.81*1*

.589

.330

.063

.781*

.1*88

.168

.819

.U33

.000

.511

.953

.312

.569

.703)

.686)

.1*86)

.060)

.355)

118
117
117
116
115
115
111*
111*
113
113

112
112
111
110
110
109
109
108
108
107

107
(106
(106
(105
(105
(101*

.363

.71*0

.128

.527

.935

.351

.776

.209

.61*8

.093

,5Ui*
.000
.1*60
.923
.389
.858
.328
.800
.272
.71*1*

.215

.681*)

.152)

.618)

.080)

.539)

13290.
13616.
1391*3.
11*272.
11*605.-
11*91*1.
15283.
15630.
15981*.
1631*8.

16722.
17109.
17511.
17932.
1837U.
188U2.
1931*1.
19876.
20U55.
21087.

21782.
( 2255U. )
( 23U19.)
( 21*397.)
( 25515.)
( 26808.)

37U05.
3716U.
36916.
36661.
36398.
36126.
3581* 4.
35551.
3521*1*.
31*921*.

31*586.
3U229.
33851.
33UU8.
33016.
32551.
3201*8.
31501.
30902.
302U2.

29511.
( 28691*.)
( 27775.)
( 26733.)
( 255U1.)
( 21*166.)

50695.
50773.
50858.
50933.
51003.
51067.
51127.
51181.
51229.
51271.

51308.
51338.
51362.
51380.
51390.
51393.
51389.
51377.
51357.
51329.

51293.
( 5121*8.)
( 5119U. )
( 51130.)
( 51057.)
( 50973.)

o
w
H 
i i 
2

O
I Icr1 
i i

Q

'525 
P 
O

t/i 
O

NOTE. Data contained in parentheses were calculated by extrapolation of the functions beyond their range- w
01



ta

Table 18. NaCl concentration: 6.0000mol/kg HaO 25.96 wt percent 9.755 mol percent

t
(°C)

80.
85.
90.
95.

100.
105.
110.
115.
120. ,
125.
130.
135.
1UO.
.1U5.

150.
155.
ICO.
165.
170.
175.
180.
185.
190.
195.

P

(bars)

0.361*
0.1*1*5
0.5UO
0.652

0.783
0.935
1.110
1.311
1.5U2
1.801*
2.102
2.U39
2.818
3.21*1*

3.719
U.2I*')
'*.838
S.U'JO
6.210
7.003
7.873
8.827
9.870

11.006

dL

(g cm" )

1.165
1.161
1.158
1.155

1.151
1.11*8
1.11*1*
1.1U1
1.137
1.133
1.129
1.125
1.121
1.117

1.113
1.109
1.105
1.101
1.097
1.092
1.088
1.08U
1.080
1.075

V L

(cm mol )

23.75
23.81*
23.03
2i». 03

2U. 12
21*. 22
21*. 31
2U. UO
2U. 1*8
21*. 57
21*. 65
21*. 72
21*. 80
2U. 86

2i». 92
21*. 07
25.02
25.96
25.08
25.10
25.11
25.10
25.08
25.05

s3L

(Jmol^K^)

-37.876
-37.107
-36.321
-35.520

-3U. 703
-33.872
-33.026
-26.205
-25.992
-25.820
-25.659
-25.602
-25.550
-25.560

-25.605
-25.60it
-25.821*
-25.993
-26.199
-26.1*37
-26.703
-26.992
-27.296
-27.609

HL

(J mol" 1)

-2196.
-191*0 .
-1673.
-1398.

-1113.
-819.
-515.
2061*.
2127.
2175.
2206.
2220.
2215.
2191.

211*7.
. 2085.

2003.
1902.
178U.
1650.
1500.
1339.
1167.
989.

V L

, 3 .-I,
(cm mol ,

18.85
18.91
18.96
19.01

19.07
19.13
19.19
19.25
19.31
19.38
19.1*5
19.51
19.58
19.65

19.72
19.80
19.87
19.95
20.02
20.10
20.18
20.26
20.31*
20.1*2

SL AS s° HL

) (J mol K )

li*. 779
15.786
16.783
17.771

18.750
13.721
20.678
22.207
23.080
23.938
21*. 781
25.611
26.1*26
27.227

28.015
28.790
29.553
30.30U
31.0U3
31.771
32.U90
33.199
33.900
3U. 593

121*. 595
122.366
120.191
118.066

115.989
113.958
111.976
109.1*56
107.623
105.831*
10U. 089
102.385
100.721

99.091*

97.503
95.91*7
9 U U 2 U02)932
91.1*70
90.035
88.627
87.21*3
85.882
8U. 5U2

139.371*
138.152
136.97U
135.837

131*. 739
133.679
132.651*
131.662
130.702
129.772
128.871
127.996
127.11*6
126.321

125.519
12U. 738
123.977
123.236
122.513
121.807
121.117
120.1*1*2
119.782
119.136

1*899.
5256.
561U.
5971*.

6335.
6698.
7061.
761*6.
7985.
8323.
8659.
8991*.
9327.
9659.

9989.
10317.
1061*1*.
10970.
1129U.
11617.
1191*0.
12262.
12583.
12905.

AH

(J mol" 1 )

U2758.
1*2556.
1*2350.
1*211*2.

1*1930.
1*1715.
1*11*98.
1*1057.
1*0860.
1*0661.
1*01*62.
1*0261.
1*0060.
39857.

39651*.
391*1*8.
3921*1.
39032.
38821.
38607.
38390.
38171.
3791*7.
37719.

HG

1*7657.
1*7811.
1*796U.
U8116.

1*8265.
i*8U13.
1*8559.
1*8703.
1*881*5.
1*8981*.
U9121.
U9256.
U9387.
U9516.

1*961*3.
1*9766.
1*9885.
50002.
50115.
5022U.
50330.
501*32.
50530.
50621*.
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200.
205.
210.
215.
220.
.225.
230.
235.
2UO.
2i»5.

250.
255.
260.
265.
270.
275.
280.
285.
200.
295.

300.
305.
310.
315;
320.
325.

11
13
11*
16
17
19
21
23
25
28

30
33
36
39
U2
U6
1*9
53
57
C2

66
( 71
( 76
( 82
( 87
( <J3

.976

.292

.718

.260

.923

.716

.61*3

.712

.929

.301

.835

.51*0

.1*20

.1*86

.71*3

.200

.865

.7U6

.851

.189

.769

.600)

.692)

.053)

.695)

.628)

1.083
1.079
1.071*
1.070
1.066
1.061
1.057
1.053
1.0U8
1.0i»U

1.01*0
1.035
1.031
1.027
1.023
1.019
1.015
1.011
1.007
l.OOl*

1.000
0.997
0.993
0.990
0.987
0.98U

25.
25.
25.
25.
25.
25.
25.
25.
25.
25.

21*.
21*.
21*.
21*.
23.
23.
22.
22.
21.
21.

20.
19.
19.
18.
17.
16.

93
SI
88
81*
77
68
57
1*1*
29
ID-

89
6U
36
01*
68
27
82
32
77
16

50
79
03
23
1*2
65

-27
-27
-27
-27
-27
-28
-28
-27
-27
-27

-26
-25
-2U
-23
-21
-18
-15
-12
-7
-2

I*
( 12
( 21
( 33
( 1*7
( 6U

.062

.331

.577

.789

.950

.OU3

.01*9

.9U1*

.702

.233

.682

.829

.687

.200

.305

.926

.972

.336

.888

.U73

.099

.OE3) (

.709) (

.1*01) (

.600) (

.902) (

19!*1.
1778.
1623.
11*83.
1365.
1279.
1231*.
121*1*.
1323.
11*87.

1756.
2151*.
2707.
Ji* US.
i» 1*15.
5653.
7216.
9169.

11592.
1H5E1.

18253.
22751*.)
28267.)
35020. )
1*3306.)
53503.)

20
20
20
20
20
20
21
21
21
21

21
21
21
21
21
21
21
22
22
22

22
22
22
22
22
22

.5U

.63

.71

.80

.88

.97

.05

.11*

.23

.32

.1*0

.1*9

.58

.67

.75

.81*

.92

.01

.09

.17

.25

.33

.1*0

.U8

.55

.62

31*
35
36
36
37
38
38
39
1*0
1*0

1*1
1*2
1*3
1*3
i*t«
1*5
U6
1*7
1*8
1*9

51
( 52
( 51*
( 55
( 57
( 60

.753

.1*27

.098

.767

.U3G

.196

.779

.1*59

.1U9

.850

.568

.306

.069

.863

.696

.571*

.508

.508

.589

.766

.OCO

.I»9U)

.099)

.911*)

.985)

.375)

' 83

32
81
80
78
77
76
75
73
72

71
70
68
67
66
61*
63
61
60
5£

sr,
( 51*
( 52
( 50
( 1*7
( i*U

.981*

.688

.1*07

.139

.882

.E31

.386

.11*2

.896

.61*5

.383

.106

.808

.1*83

.121*

.722

.26C

.71*6

.11*6

.1*51

.639

.685)

.560)

.22U)

.628)

.711)

118.
US.
117.
116.
116.
115.
115.
111*.
Hi*.
113.

112.
112.
111.
111.
110.
110.
109.
109.
108.
108.

107.
(107.
(106.
(106.
(105.
(105.

737
116
506
907
317
737
165
601
01*5
1*95

950
1*11
877
3U7
820
206
771*
25U
735
217

698
179)
659)
137)
613)
086)

13123.
131*1*2.
13761*.
11*087.
li»i»li».
11*71*5.
15082.
15U25.
15776.
16138.

16511.
16898.
17303.
17729.
18179.
18659.
19171*.
19730.
20337.
21003.

2171*2.
( 22569.)
( 23502.)
( 21*566.)
( 25791.)
( 27215. )

37622.
37389.
37151.
36906.
36653.
3C390.
36118.
35833.
35535.
35222.

3U891.
3U539.
3U1CI*.
33762.
33329.
32860.
3231*9.
31789.
31171.
301*85.

29719.
( 28857.)
( 27881.)
( 26761*.)
( 251*78.)
( 23983.)

5071*1*.
50832.
50915.
50993.
51067.
51136.
51200.
51258.
51312.
51353.

51U01.
51U38.
51U68.
51U91.
51509.
51519.
51523.
51519.
51508.
511*83.

51U62.
( 51U26.)
( 51383.)
( 51330.)
( 512C3.)
( 51198.)

JO 
o

o
O

o
2 
M

W 
O

O

so 
O

O
r

O 
2 
CQ

NOTE. Data contained in parentheses were calculated by extrapolation of the functions beyond their range. W 
Ol 
«£>



Table

t
(°C)

135.
mo.
1U5.

150.
155.
160.
165.
170.
175.
180.
185.
190.
195.

200.
205.
210.
215.
220.
225.
230.
235.
21*0.
21*5.

250.
255.
260.
265.
270.
275.
280.
285.
290.
295.

300.
305.
310.
315.
320.
325.

20. NaCl concentration:

P

(bars)

2.311
2.673
3.079

3.533
I*. 01*0
U.603
5.227
5.917
6.677
7.513
8.U28
9.1*30

10.522

11.711
13.002
11*. 1*02
15.915
17.51*9
19.310
21.203
23.237
25.1*16
27.7U9

30.21*2
32.902
35.737
38.75U
1*1.961
1*5.365
1*8.971*
52.797
56.8U1
61.116

65.630
( 70.392)
( 75.1*12)
( 80.698)
( 86.262)
( 92.113)

dL

(g cm" )

1.150
1.1U6
1.1U2

1.138
1.133
1.129
1.125
1.121
1.116
1.112
1.108
1.103
1.099

1.095
1.090
1.086
1.082
1.077
1.073
1.069
1.061*
1.060
1.056

1.052
1.0U7
1.01*3
1.039
1.035
1.031
1.027
1.02U
1.020
1.017

1.013
1.010
1.007
l.OOl*
1.001
0.998

V L

(cm mol

25.61*
25.76
25.88

26.00
26.11
26.22
26.32
26.U2
26.51
26.59
26.66
26.72
26.78

26.82
26.85
26.87
26.87
26.86
26.83
26.78
26.72
26.63
26.52

26.38
26.22
26.03
25.80
25.55
25.26
2U. 93
21*. 56
2U. 16
23.72

23.21*
22.73
22.20
21.66
21.16
20.7U

7.0000mol/kg HaO '

«£

MJmol^K"1)

-21*. 58U
-21*. U75
-21*. 1*12

-21*. 395
-21*. 1*22
-21*. U92
-21*. 602
-2U. 71*9
-21*. 930
-25.11*0
-25.372
-25.621
-25.878

-26.136
-26.382
-26.607
-26.796
-26.93it
-27.003
-26.983
-26.852
-26.582
-26.1li3

-25.it99
-2it.610
-23.it28
-21.897
-19.953
-17.517
-11*. U99
-10.789
-6.257
-0.71*1*

5.91*3
( lU. 01*3)
( 23.850)
( 35.73U)
( 50.166)
( 67.753)

HgL

(J mol" 1)

1*137.
1*159.
1*161.

1*11*1*.
1*107.
1*050.
3975.
3882.
3772.
361*8.
3511.
3365.
3212.

3057.
290U.
2760.
2630.
2523.
2UU9.
2U16.
21*39.
2532.
2711.

2998.
31*11*.
3988.
U753.
57U6.
701U.
8613.

10607.
13078.
16122.

19860.
( 2UUUO.)
( 3001*0.)
( 36912.)
( U5337.)
( 55706.)

V L

(cm

19
19
19

19
19
19
20
20
20
20
20
20
20

20
20
20
20
20
21
21
21
21
21

21
21
21
21
21
21
21
22
22
22

22
22
22
22
22
22

mol )

.60

.67

.7U

.82

.89

.96

.Oil

.11

.19

.27

.35

.<i3

.51

.59

.67

.76

.81*

.93

.01

.09

.18

.27

.35

.UU

.52

.01

.09

.78

.80

.91*

.02

.10

.18

.25

.32 (

.39 (

.1.6 (

.52 (

.58 (

29.03 wt percent

S L

(J

21*. 705
25.512
26.305

27.083
27.8U7
28.598
29.337
30.061*
30.779
31.1*81*
32.179
32.865
33. 51* it

3U.216
3it.88i(
35.51*7
36.209
36.871
37.535
38.201*
38.879
39.565
1*0.261*

UO. 982
1*1.721
i(2.U88
1*3.200
i»i». 133
U5.025
1*5.978
U7.003
1(8.115
U9.332

50.675
52.171)
53.852)
55.759)
57.9U6)
00.1*78)

AS

mol^K" 1 )

103.780
102.121
100.500

98.916
97.369
95.855
91*. 373
92.922
91.500
90.105
88.735
87.388
86.063

8U. 757
83.U69
32.196
80.935
79.685
78.1*1*2
77.203
75.961*
71*. 723
73.1(76

72,216
70.91(0
69.61*0
68.311
66.9U5
65.531
6U. 000
62.519
60.892
59.161

57.301*
( 55.295)
( 53.099)
( 50.675)
( 1(7. 971)
( UU. 919)

SG

128
127
126

125
125
12U
123
122
122
121
120
120
119

118
118
117
117
116
115
115
111*
111*
113

113
112
112
111
111
110
110
109
109
108

107
(107
(106
(106
(105
(105

.1*86

.633

.801*

.999

.216

.U53

.710

.986

.279

.588

.913

.253

.607

.971*

.353

.71*3

.11*5

.556

.977

.1*06

.81*3

.288

.71*0

.198

.661

.129

.ROl

.077

.557

.038

.522

.007

.1*93

.979

.1*65)

.951)

.1*35)

.917)

.397)

11 .198 mol percent

H L

8861.
9190.
9518.

981*3.
10166.
101*88.
10808.
11126.
111*1*3.
11758.
12073.
12388.
12702.

13017.
13332.
13650.
13970.
11*293.
11*621.
1U95I*.
15291*.
156i»U.
16003.

16376.
16761*.
17170.
17599.
18051*.
185U1.
19065.
19635.
20258.
209U7.

21713.
( 2257U.)
( 23550.)
( 21.668.)
( 25959.)
( 27U67.)

AH

(J mol" 1 )

1*01*17.
1*0221.
1*0025.

39828.
39630.
391*31.
39231.
39029.
38825.
38618.
381*08.
38196.
37979.

37758.
37532.
37299.
37060.
36813.
30556.
30289.
30010.
35717.
351*08.

35081.
31*732.
31*359.
33958.
33521*.
33051.
32531*.
31965.
31335.
30633.

2981*1*.
( 2895U. )
( 27939.)
( 26775.)
( 25U29.)
( 23856.)

HG

U9273.
1*91*12.
1*951*3.

1*9071.
U9797.
U9919.
50039.
50155.
50267.
50376.
50U82.
50583.
50081.

50775.
50861*.
5091*9.
51030.
51100.
51177.
512U3.
51305.
51361.
51U12.

51U57.
51U9G.
51530.
51557.
51578.
51592.
51000.
51000.
51591*.
51580.

51558.
( 51528.)
( 51U90.)
( 51UU3.)
( 51387.)
( 51323.)

td
o

K

s

O 

CO

o 
r 
c:
H
I <

o
2
172



Table

t

21. NaCl

P

(°C) (bars)

160.
1C5.
170.
175.
180.
185.
190.
195.

200.
205.
210.
215.
220.
225.
230.
235.
21*0.
2i»5.

250.
255.
260.
265.
270.
275.
280.
285.
290.
2'J5.

300.
305.
310.
315.
320.
325.

I*' 5

5
6
7
8
9

10

11
12
11*
15
17
1'J
20
22
25
27

20
32
35
38
1*1
1*1*
1*8
52
50
60

c;<i
( ('.9
( 7U
( 79
( 85
( 91

.523

.138

.818

.568

.392

.295

.283

.361

.535

.810

.192

.687

.302

.01*2

.911*

.925

.080

.388

.855

.1*87

.293

.280

.1*55

.826

.1*01

.188

.195

.U31

.905

.625)

.601)

.81*2)

.350)

.161)

concentration:

dL '

(g cm" )

1.137
1.133
1.128
1.121*
1.120
1.115
1.111
1.107

1.102
1.098
1.093
1.089
1.085
1.080
1.076
1.072
1.067
1.003

1.059
1.055
1.051
1.01*7
1.01*3
1.039
1.035
1.032
1.028
1.025

1.021
1.018
1.015
1.012
1.000
1.007

a

(cm mol

26.60
26.72
26.81*
26.95
27.06
27.15
27.2U
27.33

27.UO
27.1*6
27. SI
27.51*
27.57
27.57
27.57
27.51*
27.50
27.M3

27.35
27.21*
27.11
26.91*
26.76
20.5U
26.29
26.01
25.70
25.37

25.00
21*. 03
21*. 25
23.88
23.58
23.38

7.3332mol/kgH30 '

s:a __ a_ ..
V L

30.00 wt percent

SL
AS

SG

11.670 mol percent

HL

) (J mol K ) (J mol ) (cm mol ) (J mol K )

-23
-21*
-21*
-21*
-2U
-21*
-21*
-25

-25
-25
-25
-26
-26
-26
-26
-26
-25
-25

-21*
-23
-22
-21
-10
-16
-13
-9
-5

0

7
( 15
( 25
( 37
( 51
( 69

.H21

.020

.156

.326

.526

.71*8

.988

.237

.1*85

.721*

.91*0

.121

.251

.311

.283

.11*2

.861

.1*10

.751*

.850

.651

.101

.133

.671

.871*

.298

.268

.019

.101*) ( .

. U 4 3 ) (

.089) (

.059) (

.1*17) (

1*750.
1*680.
1*592.
1*1*87.
1*367.
1*231* .
U092!
391*3.

3791.
361*2.
3502.
3376.
3273.
3202.
3175.
3202.
3300.
3U85.

3778.
1(202.
1*785.
5560.
6566.
781*9.
91*65.

111*80.
13975.
17050.

20821*.
25i*i»7. )
31107.)
380UO.)
i*r,5i*6. )
57017. )

20.00
20.07
20.15
20.23
20.30
20.38
20.U6
20.51*

20.63
20.71
20.79
20.87
20.96
21.01*
21.' 13
21.21
21.30
21.38

21.1*7
21.55
21.63
21.72
21.80
21.88
21.96
22.0U
22.11
22.19

22. 2G
22.33
22.39
22. U6
22.52
22.58

28.273
29.008
29.730
30.1*1*0
31.1i*0
31.831
32.512
33.186

33.853
31*. 515
35.171*
35.831
36.U88
37.1U8
37.812
38.U8U
39.168
39.865

1*0.582
1*1.322
1*2.092
U2.898
U3.7U7
1*1*. 6U8
1*5.611*
1*6.655
1*7.788
1*9.030

50.1*06
( 51.91*2)
( 53.673)
( 55.6U2)
( 57.901.)
( 60.531)

96.31*6
9U. 868
93.U20
92.001
90.610
89.21*1*

. 87.902
86.582

85.281
83.997
82.729
81.U73
80.227
78.989
77.751*
76.520
75.282
7fc. 036

72.778
71.502
70.201
68.869
67.1*98
66.077
6U. 595
63.039
61.391*
59.639

57.753
( 55.705)
( 53.U62)
( 50.980)
( U8.203)
( 1*5.060)

12U.620
123.875
123.150
122.1*1*2
121.750
121.075
120.U1U
119.767

119.131*
118.512
117.903
117. SOU
116.715
116.136
115.566
115.001*
111*. UU9
113.902

113.360
112.82U
112.293
111.767
111.21*1*
110.725
110.209
109.691*
109.182
108.670

108.158
(107.61*7)
(107.135)
(106.622)
(106.108)
(105.591)

101*31*.
10752.
11068.
11383.
116-96.
12008.
12320.
12632.

1291*1*.
13257.
13572.
13889.
11*210.
11*535.
11*866.
15205.
15552.
15911.

16282.
16670.
17078.
17508.
17967.
181*58.
18989.
19567.
20201.
20901*.

21688.
( 22572.)
( 23576.)
( 21*729.)
( 26065. )
( 27628.)

AH

(J mol" 1)

391*97.
39299.
39100.
38899.
38696.
38U90.
38281.
38068.

37851.
37628.
371*00.
37165.
36922.
36669.
361*06.
36131.
3581*1.
35535.

35210.
3U86I*.
31*1*92.
3U091.
33656.
33181.
32660.
32086.
311(1(7.
30733.

29930.
( 29019.)
( 27980.)
( 2678U.)
( 25397.)
( 23772.)

HG

U9931.
50051.
50168.
50282.
50392.
501*98.
50601.
50700.

50795.
50885.
50972.
5105U.
51131.
5120U.
51272.
51335.
51393.
511*1*6.

511*93.
51531*.
51570.
51599.
51622.
51639.
516U9.
51652.
5161*8.
51637.

51618.
( 51591.)
( 51556.)
( 51513.)
( 511*61.)
( 51UOO.)

SB 
O

O 
O

"d 
O

M

S3 
O

25 
O

a;
Or1 
d

NOTE. Data contained in parentheses were calculated by extrapolation of the functions beyond their range. bd
Oi



Table

t
(°C)

170.
175.
180.
185.
190.
1'JS.

200.
205.
210.
215.
220.
225.
230.
235.
2UO.
2U5.

250.
255.
260.
2G5.
270.
275.
280.
285.
290.
295.

.300.
305.
310.
315.
320.
325.

22. NaCl concentration:

P

(bars)

5.7U8
6.512
7.350
8.227
0.209

10.280

11.1*1*6
12.713
11*. 087
15.573
17.178
18.908
20.770 .
22.769
21*. 913
27.209

20.662
32.282
35.071*
38.01*6
U1.205 .
1*1*. 560
1*8.119
51.889
55.878
60.096

6U.55U
( 69.250)
( 71*. 206)
( 79.U26)
( 81*. 920)
( 90.699)

dL

(g cm" )

(1.132)
(1.128)
(1.123)
(1.119)
(1.115)
(1.110)

(1.106)
(1.101)
(1.097)
(1.093)
(1.088)
(1.081*)
(1.080)
(1.075)
(1.071)
(1.067)

(1.063)
(1.058)
(1.051*)
(1.050)
(1.0U6)
(1.01*3)
(1.039)
(1.035)
(1.032)
(1.028)

(1.025)
(1.022)
(1.019)
(1.016)
(1.013)
(1.011)

V L

7.5000mol/kg H O '

**
a

(cm mol ) (J mol K ) (J mol" )

( 27.05M
( 27.17M
( 27.29H
( 27.UOM
( 27.50M
( 27.59M

( 27.68M
( 27.76M
( 27.E2H
( 27.87M
( 2 7 . 9 1 ) (
( 27.9UM
( 27.95M
( 27.95M
( 27.93H
( 27.88M

( 27.82H
( 27.7UH
( 27.6i*)(
( 27.51M
( 27.35H
( 27.17M
( 26.96M
( 20.72M
( 26.1*6)(
( 26.18)(

( 2S.88M
( 25.56M
( 25.25.H
( 2i*.98)(
( 2!*.76)(
( 2i*.68)(

-23.839) (
-21*. 006) (
-2i». 202) (
-21*. 1*21) (
-21*. 658) (
-21*. 901.) (

-25.151) (
-25.387) (
-25.601) (
-25.780) (
-25.908) (
-25.966) (
-25.935) (
-25.792) (
-25.508) (
-25.051*) (

-21*. 391*) (
-23.1*85) (
-22.281) (
-20.723) (
-18.71*7) (
-16.275) (
-13.213) (

-9.1.51) (
-U.856) (
0.733) (

7.511) (
15.721) (
25.661) (
37.708) (
52. 3U2) (
70.180) (

U9I.9. )
l»8l»fi.)
1*727.)
1.596. )
I.U55. )
1.307. )

1.157.)
U009. )
3860.)
371. i».)
361*2.)
3572.)
35U6. )
3571*.)
3671*.)
3861. )

1*155. )
1.582. )
5168.)
591.6.)
6957. )
82U5.)
9868.)

11891.)
1U397.)
17U85.)

21275.)
25918. )
31602.)
38565.)
1*7109. )
57629.)

V L

30.47 wt percent

SL as SG

11 .903 mol percent

HL

(cm mol )   (J mol" K" )

(20.17)
(20.2U)
(20.32)
(20.1.0)
(20.U8)
(20.56)

(20.61*)
(20.73)
(20.81)
(20.89)
(20.98)
(21.06)
(21.11*)
(21.23)
(21.31)
(21.UO)

(21.1*8)
(21.57)
(21.65)
(21.73)
(21.81)
(21.89)
(21.97)
(22.05)
(22.12)
(22.20)

(22.27)
(22.33)
(22. UO)
(22.1*6)
(22.52)
(22.59)

( 29.561)
( 30.2C9)
( 30.967)
( 31.G55)
( 32.333)
( 33.00U)

( 33.669)
( 31*. 328)
( 3l*.98i»)
( 35.630)
( 36.20U)
( 36.951)
( 37.613)
( 38.281*)
( 38.966)
( 39.662)

( 1*0.379)
( 1*1.119)
( 1*1.890)
( 1*2.697)
( 1*3.51*9)
( Ul*. 1*56)
( U5.U27)
( 1*6.1*76)
( 1*7.619)
( i*8.87l»)

( 50.266)
( 51.822)
( 53.578)
( 55.578)
( 57.878)
( 60.551)

( 93.672)
( 92.256)
( 90.866)
( 89.502)
( 88.163)
( 86.81*1*)

( 85.51*6)
( 8U. 265)
( 82.999)
( 81.71*6)
( 80.502)
( 79.266)
( 78.033)
( 76.800)
( 75.561*)
( 71*. 320)

( 73.062)
( 71.786)
( 70.U85)
( 69.152)
( 67.778)
( 66.353)
( 6U. 866)
( 63.303)
( 61.6U8)
( 59.882)

( 57.980)
( 55.91U)
( 53.61.7)
( 51.136)
( 1.8. 322)
( 1.5.131.)

123.231.
122.525
121.833
121.157
120.U96
119.81.9

119.215
118.593
117.983
117. 38U
116.796
116.217
115.61*6
115.081*
111*. 530
113.982

113.1*1*1
112.905
112.375
111.81*9
111.327
110.808
110.293
109.779
109.267
108.756

108.21*6
(107.736)
(107.225)
(106.713)
(106.200)
(105.685)

(
(
(
(
(
(

(
(
(
(
(

(
(
(
(

(
(
(
(
(
(
(
(
(
(

(
(
(
(
(
(

11038.)
11352.)
1166U. )
11975.)
12286.)
12596.)

12907.)
13218.)
13532.)
1381*8.)
11.167.) i

li*82l!)
15158.)
15505.)
15863.)

16231*.) i
16622.) i
17030.) i
17U61.) i
17921.). i
18l»ll».) 1
18948.) i
19530.) i
20170.) i
20880.) i

21673.) 1
22568.) 1
23587.) 1
21*757.) 1
26115.) 1
27706.) 1

AH

(J mol" 1)

( 39135.)
( 38937.)
( 38735.)
( 38531.)
( 38321*.)
( 38113.)

( 37898.)
( 37678.)
( 371*51.)
( 37218.)
( 36977.)
( 36727.)
( 361*66.)
( 36192.)
( 35901*.)
( 35600.)

( 35276.)
( 3U931.)
( 31*559.)
( 3U158.)
( 33723.)
( 3321*7.)
( 32725.)
t 321U7.)
[ 31501*. )
( 30785.)

t 2997U. )
[ 29051*.) (
[ 28002.) (
[ 26790.) (
[ 25382.) (
[ 23732.) (

HG

50175.
50289.
50399.
50506.
50610.
50703.

50805.
50896.
50983.
51066.
511UI*.
51218.
51286.
51350.
51U09.
511*62.

51510.
51553.
51589.
51620.
5161*1*.
51662.
51673.
51677.
51675.
51665.

516U7.
51622.)
51588.)
515U7.)
511*96.)
51U38.)

bd
Oi
to

w
HH

S

H 
> 
g

H 
> 
Wr1 
w
CO

.*J 
o 
»
S5 
» 
O

GO 
O 
 f

Osi-

NOTE. Data contained in parentheses were calculated by extrapolation of the functions beyond their range.



Table

t
(°C)

200.
205.
210.
215.
220.
225.
230.
235.
21*0.
21*5.

250.
255.
260.
265.
270.
275.
280.
285.
290.
295.

300.
305.
310.
315.
320.
325.

23. NaCl concentration:

P

(bare)

11.178
12.U21
13.769
15.229
16.806
18.506
20.337
22.30U
21*. 1*13
26.673

29.090
31.670
3U. 1*21
37.351
U0.i*67
U3.777
U7.289
51.010
51*. 91*9
59.111*

63.515
( 68.160)
( 73.058)
( 76.219)
( 83.653)
( 89.369)

8 .0000 mol/kg HaO '

dL V L <£ ' HaL

(g cm" )

(1.116)
(1.112)
(1.107)
(1.103)
(1.099)
(1.09U)
(1.090)
(1.086)
(1.081)
(1.077)

(1.073)
(1.069)
(1.065)
(1.061)
(1.057)
(1.053)
(1.0U9")
(1.0U6)
(1.0U2)
(1.039)

(1.036)
(1.033)
(1.030)
(1.027)
(1.025)
(1.022)

(cm mol ) (J mol

( 28
( 28
( 28
( 28
( 28
( 29
( 29
( 29
( 29
( 29

( 2'J
( 29
( 29
( 29
( 29
( 29
( 28
( 28
( 28
( 28

( 28
( 28
( 28
( 28
( 28
( 28

.SIM

.63)(

. 71* ) (

.SUM

.93M

.01 )(

.08M

. 1U ) (

. 18 )(

.21M

.22)(
. 21) (
. 19) (
. 15) (
.10X
.02)(
.93M
.82M
.69M
.56M

.U3M

. 31 ) (

. 21 ) (

. 18 ) (

.25M

.50M

-2U
-2U
-21.
-21.
-2U
-2U
-21.
-21.
-21.
-21.

-23
-22
-21
-19
-17
-15
-12

-8
-3

1

8
17
27
39
5U
72

^K"1) (J mol" 1)

.112) (

.350) (

.566) (

.7U6) (

.876) (

.937) (

.009) (

.767) (

.1.85) (

.031) (

.369) (

.1.57) (

.21.6) (

.680) (

.690) (

.109) (

.112) (

.318) (

.681) (

.961) (

.806) v

.101) (

.11*8) (

.331) (

.137) (

.191.) (

52U3.)
5091.. )
1*953.)
U827. )
U72U. )
1.653.)
1.621.. )
1.652. )
1*751.)
1*937. )

5233.)
5661.)
6250. )
7033.)
8051.)
931*0. )

10985. )
13027.)
15557. )
18671*. )

22503.)
27196.)
329U3. )
39985. )
1*8632. )
59283. )

V L

(cm mol" i

(20.70)
- (20.79)
(20.87)
(20.95)
(21.01*)
(21.12)
(21.20)
(21.29)
(21.37)
(21.1.5)

(21.51*)
(21.62)
(21.70)
(21.78)
(21.86)
(21.91.)
(22.02)
(22.03)
(22.17)
(22.21.)

(22.31)
(22.37)
(22.1.3)
(22.1.9)
(22.50)
(22.62)

31. 86 wt percent  

S L as s°

12.597 mol percent

HL

) (Jmor'K" 1 )

( 33
( 33
( 31.
( 35
( 35
( 36
( 37
( 37
( 38
( 39

( 39
( (.0
( Ul
( U2
( 1.2
( 1.3
( kk
( 45
( 1.7
( U8

( (.9
( 51
( 53
( 55
( 57
( 60

.108)

.759)

.1.06)

.052)

.699)

.31.0)

.005)

.669)

.31.6)

.039)

.753)

. U.9 It )
J267)
.079)
.91.0)
.858)
. 8U6)
.918)
.090)
.381.)

.822)

.1*38)

.267)

.358)

.771)

.581*)

( 86
( 85
( 83
( 82
( 81
( 80
( 78
( 77
( 76
( 75

( 73
( 72
( 71
( 70
( 68
( 67
( 65
( 6U
( 62
( 60

( 58
( 56
( 5U
( 51
(. US
( 1*5

.355)

.081)

.823)

.577)

.3UO)

.111)

.88U)

.658)

.1*26)

.185)

.930)

.655)

.352)

.Oil*)

.633)

.197)

.691*)

.110)

.U28)

.626)

.679)

.556)

.219)

.619)

.696)

.371)

119.
118.
118.
117.
117.
116.
115.
115.
111*.
111*.

113.
113.
112.
112.
111.

. 111.
110.
110.
100.
109.

108.
(107.
(107.
(106.
(106.
(105.

1*63
81*0
2:29
629
01*0
1*60
889
327
772
225

681*
1>*8
619
093
572
055
51*1
028
518
009

501
99i»)
1*86)
977)
U67)
955)

( 12790.)
( 13097.)
( 13U06.)

"( 13718.)
( 11*035.)
( 11*353.)
( 1U679.)
( 15013.)

T 15356.)
( 15712.)

( 16082.)
( 16U69.)
( 16877.)
( 17311.)
( 17771*.)
( 1827U. )
( 18816.)
( 191*10.)
( 20066.)
( 20796.)

( 21616.)
( 225UU. )
( 23601*.)
( 21*827.)
( 26250.)
( 27923.)

AH

(J mol" 1 )

( 3801*5.)
( 37831.)
( 37611.)
( 3738U. )
( 371U9.)
( 36905.)
( 36650.)
( 36382.)
( 36100.)
( 35800.)

( 351*81.)
( 35139.)
( 31*770.)
( 31*370.)
( 33933.)
( 331*55.)
( 32927.)
( 323UO.)
( 31685.)
( 3091*9.)

( 30116.)
( 29166.)
( 28077.)
( 26817.)
( 2531*8.)
( 23620.)

HG

50835.
50928.
51017.
51102.
51182.
51258.
51329.
51395.
511.56.
51512.

515G3.
51608.
510U7.
51080.
51708.
51723.
517U3.
51751.
51752.
517U5.

51732.
( 51710.)
( 51681.)
( 5161*1*.)
( 51538.)
( 515U3.)

o 
o

W 
O

a; 
o

O

CQ
O

H 
i    
O
as
CO

NOTE. Data contained in parentheses were calculated by extrapolation of the functions beyond their range. w
o»
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Table

t

25. NaCl concentration:

P

(°C) (bars)

250.
255.
260.
265.
270.
275.
280.
285.
290.
295.

500.
505.
510.
515.
520.
525.

27
30
33
35
38
U2
U5
U9
53
57

61
( 60
( 70
( 75
( 81
( 86

.925

.U31

.105

.955

.989

.215

.639

.271

.119

.191

.U97

.OUU)

.8U2)

.902)

.233)

.8UU)

9.0000 mol/kg H30 '

a a a
(g cm'3)

(1.091)
(1.087)
(1.083)
(1.079)
(1.075)
(1.071)
(1.068)
(1.06U)
(1.061)
(1.057)

(1.05U)
(1.051)
(1.0U8)
(1.0U5)
(1.0U2)
(1.059)

(cm mol ) (J mol K ) (J mol" )

( 51
( 32
( 32
( 32
( 32
( 32
( 52
( 32
( 32
( 33

( 33
( 35
( 33
( 3U
( 5U
( 55

.88)(

.05)(

. 17 ) (

.30)(

.U3)(
,55)(
.68)(
.81H
.95)(
.!!)(

,30)(
,5U)(
.86)(
.50)(
.91 )(
.79)(

-21.570) (
-20.698) (
-19.52U) (
-17.989) (
-16.02U) (
-15.550) (
-10.U70) (
-6.669) (
-2.009) (
3.676) (

10.590) (
18.985) (
29.17U) (
U1.550) (
56.615) (
75.021) (

715U.)
7561. )
8131. )
8897.)
9901. )

11190. )
12823. )
1U860. )
17U11.)
20553.)

2UU22.)
29173.)
55003.)
U2160. )
50962. )
61823. )

VL

(cm mol

(21.68)
(21.76)
(21. 8U)
(21.92)
(22.00)
(22.08)
(22.16)
(22.25)
(22.50)
(22.57)

(22. UU)
(22.50)
(22.57)
(22.65)
(22.70)
(22.77)

34.47 wt percent

SL AS SG

13.952 mol percent

HL

) (J mol" 1 K" 1)

( 58.
( 59.
( 59.
( UO.
( Ul.
( U2.
( U5.
( UU.
( us.
( U7.

( US.
( 50.
( 52.
( 5U.
( 57.
( 60.

U15)
150)
923)
7UO)
612)
550)
567)
679)
905)
267)

795)
522)
U92)
758)
390)
U77)

( 75
( 7U
( 73
( 71
( 70
( 69
( 67
( 65
( 6U
( 62

( 60
( 57
( 55
( 52
( U9
( US

.769)

.U97)

.195)

.850)

.U56)

.000)

.U69)

.8U5)

.lin)

.2UO)

.206)

.972)

.U97)

.72U)

.58U)

.988)

11U
115
115
112
112
111
111
lin
110
109

109
(108
(107
(107
(106
(106

. 18U

.6U7

.116

.590

.068

.551

.056

.52U

.015

.507

.000

.U9U)

.988)

.U82)

.97U)

.U65)

( 15727.)
( 16110.)
( 16517.)
( 16952.)
( 17U21.)
( 17930.)
( 18U87.)
( 19102.)
( 19780.)
( 2055U.)

( 21U23.)
( 22U1U.)
( 2555U.)
( 2U878.)
( 26U28.)
( 28265.)

AH

(J mol" 1 )

( 359U1.)
( 35607.)
( 552UU.)
( 3U8U8.)
( 3UU12.)
( 53929.)
( 33392.)
( 32791.)
( 5211U.)
( 513U6.)

( 30U70.)
( 29U65.)
( 28502.)
( 269U8.)
( 25558.)
( 25U77.)

HG

51667.
51717.
51761.
51800.
51835.
51859.
51880.
51393.
51300.
51900.

51895.
( 51878.)
( 51856.)
( 51825.)
( 51787.)
( 517UO.)

O 
O

O
52! 
H

W 
O

O

So

CO 

O

O
as 
c/2

NOTE. Data contained in parentheses were calculated by extrapolation of the functions beyond their range. w
o 
or
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26. NaCl concentration:

P

(°C) (bare)

260.
265.
270.
275.
280.
285.
290.
295.

300.
305.
310.
315.
320.
325.

32
35
38
1*1
1*5
1*3
52
56

61
( 65
( 70
( 75
( 80
( 86

.813

.01*6

.663

.870

.277

.891

.720

.772

.058

.586)

.365)

.1*01*)

.715)

.306)

dL '
-3

(g cm )

(1.087)
(1.083)
(1.079)
(1.075)
(1.071)
(1.068)
(1.061*)
(1.061)

(1.058)
(1.051*)
(1.051)
(1.01*8)
(1.01*5)
(1.0U2)

j»

9.2135 mol/kg HaO '

§*-.
a

(cm mol ) (J mol K ) (J mol" )

( 32
( 32
( 33
( 33
( 33
( 33
( 33
( 31*

' ( 31*
( 31*
( 35
( 35
( 36

' ( 37

.78)(

.95)(

. 11) (
,28)(
. 1*5 ) (
.63)(
.83)(
.05H

.31)(
! 6 2 ) (
.03)(
.56)(
.28)(
.29)(

-10.217) (
-17.697) (
-15.71*6) (
-13.285) (
-10.215) (
-6.U22) (
-1.768) (
3.915) (

10.833) (
19.238) (
29.1*1*5) (
U1.8U9) (
56.957) (
75.1*23) (

81*85.)
921*3.)

10239.)
11522.)
131U8.)
15189.)
17729.)
20871. )

21*71*1. )
29U99. )
35339. )
1*2513.)
5131*0.)
62237. )

V L

(cm mol

(21.88)
(21.90)
(22.0U)
(22.12)
(22.19)
(22.27)
(22. 3U)
(22.1*1)

(22.1*8)
(22.51*)
(22.61)
(22.67)
(22.71*)
(22.81)

35.00 wt percent

SL
AS

sc

14.235 mol percent

HL

) (Jmor'K" 1)

( 39.
( 1*0.
( 111.
( 1*2.
( 1*3.
( 1*1*.
( 1*5.
( U7.

( US.
( 50.
( 52.
( 51*.
( 57.
( 60.

616)
1*33)
307)
2U8)
270)
389)
621*)
001)

5U6)
295)
29i»)
596)
27<»)
1*18)

( 73.612)
( 72.267)
( 70.872)
( 69.1*13)
( 67.876)
( 66.21*5)
( 61*. U99)
( 62.615)

( 60.563)
( 58.307)
( 55.803)
( 52.991*)
( 1*9.809)
( 1*6.156)

113.227
112.701
112.179
111.660
111.11*6
110.631*
110.121*
109.616

109.109
(108.603)
(108.097)
(107.590)
(107.083)
(106.571*)

( 161*28.)
( 16863.)
( 17332.)
( 1781*3.)
( 181*02.)
( 19021.)
( 19710.)
( 201*85.)

( 2136U. )
( 22367.)
( 23521*.)
( 21*868.)
( 261*1*6.)
( 28311*.)

AH

(J mol" 1)

( 35358.)
( 3fc963.)
( 31*528.)
( 3I*OU5.)
( 33507.)
( 32903.)
( 32222.)
( 311*1*8.)

( 30561*.)
( 2951*6.)
( 28369.)
( 26995.)
( 25381.)
( 231*67.)

H°

51786.
51826.
51860.
51888.
51909.
51921*.
51932.
51933.

51927.
( 5191U. )
( 51893.)
( 5186U.)
( 51826.)
( 51781.)

M

VI

.0
r 
a
Hi  i
O

NOTE. Data contained in parentheses were calculated by extrapolation of the functions beyond their range.
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27. NaCl concentration:

P

(°C) (bars)

270.
275.
280.
285.
290.
295.

300.
305.
310.
315.
320.
525.

38
1*1
'.I*
US
52
56

60
( 6U
( 69
( 7U
( 80
( 85

.213

.396

.778

.366

.170

.197

.1*56

.957)

.710)

.722)

.006)

.570)

9.5000 mol /kg HaO '

dL VaL S£ HaL

(g cm" )

(1.083)
(1.079)
(1.075)
(1.072)
(1.068)
(1.065)

(1.062)
(i.osn)
(1.056)
(1.052)
(1.01*9)
(l.OUG)

(cm3 mol~1)(Jmol"i K"1) (J mol" 1)

( 31*
( 3U
( 31*
( 31*
( 31*
( 35

( 35
( 36
( 36
( 37
( 38
( 39

.02)(

.25)(

. 1*8 ) (

.72)(

.99)(

. 2-9 ) {

.6U)(

.05)(

.57H

.23)(

. 10 ) (

.28)(

-15.U16) (
-12.977) (
-9.927) (
-6.150) (
-1.509) (

I*. 167) (

11.081*) (
19.1*37) (
29.721) (
1*2.156) (.
57.313) (
75.852) (

10662.)
11933.)
135U9.)
15580.)
18113.)
21251.)

25121.)
29883.)
3573U. )
1*2926.)
51783.)
62721*. )

VL

(cm mol"

(22.09)
(22.17)
(22.2U)
(22.32)
(22.39)
(22.1*6)

(22.53)
(22.00)
(22.67)
(22.73)
(22.80)
(22.88)

35. 70 wt percent

SL

)

( 1*0
( 1*1
( U2
( 1*3
( U5
( U6

( 1*8
( 1*9
( 52
( 5U
( 57
( 60

(.

.883)

.827)

.855)

.983)

.231)

.625)

.193)

.972)

.008)

.358)

.095)

.315)

AS

Fmor

( 71.
( 69.
( 68.
( 66.
( 65.
( 63.

( 61.
( 58.
( 56.
( 53.
( 50.
( 1*6.

V 1'

1*1*9)
986)
U U2)
802)
01*3)
11.1)

066)
780)
237)
381)
135)
1.07)

SG

112.331
111.812
111.297
110.781*
110.271*
109.765

109.258
(108.752)
(108. 2U5)
(107.738)
(107.231)
(106.722)

14.613 mol percent

HL AH

(J mol" 1 )

( 17201*.) 31*691*.)
( 17716.)
( 18278.)
( 18901.)
( 19598.)
( 20382.)

( 21273.)
( 22293.)
( 231*71.)
( 21*81.3.)
( 261*55.)

31*211.)
33672.)
33065.)
32378.)
31596.)

30701.)
29669.)
28U72. )
27073.)
251.25.)

( 28368.) ( 23U69.)

H°

51897.
51927.
51950.
51966.
51976.
51979.

51971..
( 51962.)
( 519U3.)
( 5191G.)
( 51880.)
( 51836.)

P 
O

O 
O
 S

NOTE. Data contained in parentheses were calculated by extrapolation of the functions beyond their range.
ta 
o

Table 28. NaCl concentration: 10.0000 mol/kg H O 36.89 wt percent 15.265 mol percent

t

(C)

290.
295.

300.
305.
310.
315.
320.
325.

P

(bars)

51.156
55.136

59.3U8
( 63.801)
( 68.505)
( 73.U69)
( 78.701.)
( 8U.220)

dL

(g cm" )

(1.075)
(1.072)

(1.068)
(1.065)
(1.062)
(1.058)
(1.055)
(1.051)

vsL saL

(cm mol ) (J mol K )

( 36.98M
( 37.l)2)(

( 37.91M
( 38.50M
( 39.21H
( UO. 09M
( ill .21) (
( U2.G9M

-1.230)
U.U18)

11.317)
19.725)
29.963)
1*2 .1.35 )
57.658)
76.305)

H L

(J mol" 1 )

( 18669.)
( 21791.)

( 25651.)
( 301*11.)
( 36270.)
( U31.85.)
( 52382.)
( 63388.)

V L

3 -1
(cm mol )

(22.50) (
(22.57) (

(22.61.) (
(22.71) (
(22.78) (
(22.85) (
(22.93) (
(23.02) (

S L

(J

i»i*.i*9l»)
1*5.915)

1*7.520)
1*9.31*8)
51.1*1*7)
53.878)
56.717)
60.066)

AS

mol" 1 K" 1 )

( 66.058)
( 61*. 127)

( 62.013)
( 59.678)
( 57.072)
( 5U. 131.)
( 50.786)
( UG.928)

SG

110.552
110.01*2.

109.533
(109.026)
(108.519)
(108.011)
(107.503)
(106.993)

H L

( 19368.)
( 20167.)

( 21079.)
( 22126.)
( 233UO.)
( 2U758.)
( 2GU29.)
( 281*18.)

AH

(J mol" 1 )

( 32687.)
( 31891*.)

( 30981.)
( 29925.)
( 28695.)
( 27253.)
( 255U9.)
( 23520.)

H G

52055.
52061.

52060.
( 52051.)
( 52035.)
( 52010.)
( 51978.)
( 51937.)

o

63
o

otr1
a

NOTE. Data contained in parentheses were calculated by extrapolation of the functions beyond their range. bd
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Table 29. Halite - saturated NaCl solutions, concentrations in wt percent

M 
f

w

 wt 

percent

27.1*72
27.596
27.725
27.859

27.998
28.1U3
28.293
28.1*1*8
28.608
28.77U
2^.91*5
29.122
29.301.
29.1*91

29.683
29.881
30.08U
30.292
30.505
30.721*
30.9U8
31.178
31.1*13
31.653

t

to

80.
85.
90.
95.

100.
105.
110.
115.
120.
125.
130.
135.
11*0.
11*5.

150.
155.
160.
165.
170.
175.
180.
185.
190.
195.

P

(bars)

0.353
0.1*31
0.522
0.629

0.75U
0.897
1.063
1.253
1.1*70
1.716
1.991*
2.308
2.659
3.053

3.1*91
3.978
U.516
5.111
5.765
6.1*83
7.268
8.125
9.058

10.072

dL V L

. -33 -1
(g cm ) (cm mol )

1.177
1.175
1.173
1.171

1.168
1.166
1.163
1.161
1.158
1.156
1.153
1.151
1.11*8
l.liiS

1.11*3
1.11*0
1.137

(1.135) (
(1.132) (
(1.130) (
(1.127) (
(1.12U) (
(1.122) (
(1.119) (

23.98
21*. 10
21*. 21*
21*. 38

2U. 52
21*. 67 .
21*. 83
2U.98
25.15
25.31
25.U9
25.67
25.85
26.01*

26.23
26.U3
26.63
2B.8U)
27.06)
27.29)
27.52)
27.76)
28.01)
28.27)

saL
H^

(J mol" 1!?" 1 ) (J mol" 1)

-38
-37
-36
-35

-31*
-33
-32
-25
-25
-25
-2U
-21*
-21*
-2U

-2U
-23
-23

(-23
(-23
(-23
(-23
(-23
(-23
(-21.

.068

.252

.1*08

.539

.6U6

.726

.779

.676

.31*6

.01*6

.777

.51*1

.339

.172

.038

.937

.869

.830) (

.818) (

.831) (

.863) (

.911) (

.967) (

.027) (

-1513.
-1178.
-826.
-U59.

-77.

322.
738.

3502.
3690.
38G9.
U039.
1*198.
U3U5.
1*1*80.

U603.
U711*.
1*812.
1*898. )
1*973. )
5037.)
5093.)
511*2.)
5187.)
5229. )

V L SL AS

/ 3 .- 1 (cm mol

18.89
18.95
19.01
19.06

19.13
19.19
19.25
19.32
19.39
19.1*6
19.53
19.61
19.68
19.76

19.8U
19.92
20.00

( 20.08)
( 20.17)
( 20.25)
( 20.31*)
( 20.1*3)
( 20.52)
( 20.61)

)

11*. 292
15.259
16.215
17.161

18.096
19.022
19.931*
21.503
22.321*
23.126
23.911
2U. 677
25.U26
26.157

26.870
27.566
28.2UI*

( 28.906)
( 29.550)
( 30.178)
( 30.790)
( 31.387)
( 31.968)
( 32.536)

SG HL

(J mol" l K"')

125
123
121
118

116
115
113
110
108
107
105
103
102
100

99
97
96

( 95
( 93
( 92
( 91
( 89
( 88
( 87

.339

.168

.053

.991

.979

.015

.100

.562

.806

.099

.1*38
,82U
.25U
.727

.2U1

.796

.390

.021)

.689)

.392)

.128)

.896)

.695)

.523)

139.631
138.1*27
137.269
136.152

135.075
13U.036
133.031*
132.066
131.130
130.225
129.31*9
128.501
127.680
126.881*

126.112
125.362
121*. 631*
123.927
123.239
122.570
121.918
121.283
120.661*
120.060

1*816.
5167.
5518.
5871.

6225.
6581.
6937.
75U9.
7879.
8208.
853U.
8857.
9177.
91*95.

9809.
10121.
10U29.

( 1073U.)
( 11036.)
( 11335.)
( 11631.)
( 11921*.)
( 1221U.)
( 12501.)

AH

(J mol" 1 )

1*281*1*.
1*261*9.
1*21*51.
1*2251.

U20U7.
i*18<*0.
1*1632.
1*1166.
U0980.
1*0793.
1*0607.
1*01*22.
1*0237.
1*0052.

39868.
39685.
39502.

( 39320.)
( 39139.)
( 38957.)
( 38776.)
( 38595.)
( 381*11*. )
( 38232.)

HG

1*7660.
1*7815.
1*7969.
1*8121.

1*8272.
1*81*22.
1*8569.
U8715.
1*8859.
1*9001.
1*911*1.
U9278.
U9i*li«.
U95U7.

1*9678.
1*9806.
U9932.
50055.
50i75.
50293.
50U07.
50519.
50628.
50733.

t-1 
w
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OT
Ot-1 
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31.898
32. U9
32.1*05
32.666
32.932
33.201*
33.1*81
33,761*
3U.052
31*. 3i»5

31*. 01*3
3U.9U7
35.256
35.570
35.889
36.211*
30.5UI*
30.880
37.221
37.567

37.918
38.275
38.637
33.00U
39.376
39.751*

200.
205.
210.
215.
220.
225,
230.
235.
2<*0.
21*5.

250.
255.
260.
2C5.
270.
275.
280.
285.
290.
295.

300.
305.
310.
315.
320.
325.

11.170
12.357
13.639
15.019
16.502
18.093
19.797
21.619
23.56U
25.636

27.81*1
30.183
32.668
35.301
38.086
1*1.029
<»l».133
1*7.1*01*
50.8U5
51*. U61

58.253
( 62.226)
( 66.379)
( 70.713)
( 75.227)
( 79.918)

(1.116) (
(l.lli*) (
(1.111) (
(1.109) (
(1.106) (
(1.101*) (
(1.102) (
(1.099) (
(1.097) (
(1.095) (

(1.092) (
(1.090) (
(1.088) (
(1.086) (
(1.081*) (
(1.082) (
(1.081) (
(1.079) (
(1.077) (
(1.075) (

(1.073) (
(1.071) (
(1.069) (
(1.066) (
(1.063) (
(1.058) (

28.53)
28.81)
29.10)
29.1*1)
29.73)
30.06)
30.1*2)
30.79)
31.19)
31.61)

32.06)
32.55)
33.07)
33.65)
31*. 27)
31*. 96)
35.72)
36.58)
37.51*)
38.65)

39.92)
1*1. UO)
1*3.10)
1*5.27)
i*7. 8C)
51.10)

(-21.
(-2U
(-21*
(-21*
(-21.
(-23
(-23
(-23
(-22
(-22

(-21
(-20
(-19
(-17
(-15
(-12
( -9
( -5
( -1
( I*

( 11
( 19
( 29
( 1.2
( 57
( 75

.082) (

.122) (

.138) (

.118) (

.01.7) (

.909) (

.686) (

.357) (

.896) (

.27U) (

.1*58) (

.1*07) (

.075) (

.1*06) (

.331.) (

.782) (

.G5U) (

.836) (

.191) (

.1*53) (

.301*) (

.626) (

.71*7) (

.090) (

.200) (

.797) (

5271*.)
5325.)
5386. )
51*65.)
5568.)
5703. )
5880.)
6111.)
6U10. )
6792.)

7277.)
788S.)
8651. )
9600. )

10772.)
1221G.)
13987. )
16151*.)
18803.)
22037.)

25987.)
30815.)
36728.)
1*3991.)
5231* P..)
6U056. )

( 20.70)
( 20.80)
( 20.89)
( 20.99)
( 21.09)
( 21.19)
( 21.28)
( 21.38)
( 21.1*9)
( 21.59)

( 21.69)
( 21.79)
( 21.89)
( 22.00)
( 22.10)
( 22.21)
( 22.31)
( 22.1*2)
( 22.53)
( 22.6U)

( 22.75)
( 22.87)
( 23.00)
( 23.13)
( 23.29)
( 23.1*8)

( 33.091)
( 33.631.)
( 3U.167)
( 31.. 691)
( 35.207)
(35.719)
( 36.228)
( 36.738)
( 37.251.)
( 37.778)

( 38.316)
( 38.87C)
( 39.i.C3)
( 1.0.089)
( U0.703)
( U1.500)
( U2.315)
( U3.230)
( 1*1*. 268)
( 1*5.1*61)

( 1*6.81*7)
( U8.U75)
( 50.1*07)
( 52.722)
( 55.52L)
( 58.950)

( 86.379)
( 85.260)
( 8U. 16U)
( 83.090)
( 82.031*)
( 80.995)
( 79.968)
( 78.950)
( 77.937)
( 76.923)

( 75.901*)
( 7U. 872)
( 73.819)
( 72.736)
( 71. Gil)
( 70.1*31)
( 09.178)
( 67.832)
( 06.369)
( 6U. 757)

( 62.959)
( 60.925)
( 58.595)
( 55.889)
( 52.705)
( 1*8.907)

119
118
118
117
117
116
116
115
115
111.

111.
113
113
112
112
111
111
111
110
110

109
(109
(109
(108
(108
(107

.1.70

.891*

.331

.780

.21*1
,713
.196
.688
.190
.701

.220

.71.8

.283

.825

.371*

.930

.1.93

.062

.637

.218

.806

.1.01)

.002)

.611)

.229)

.857)

( 12786.)
( 15070.)
( 13353.)
( 1363U.)
( 13917.)
( H.201.)
( 1UI.87.)
( 1U778.)
( 15075.)
( 15381.)

{ 15699.)
( 16031.)
( 1G383.)
( 1075!).)
( 17167.)
( 17613.)
( 18107.)
( 18662.)
( 19293.)
( 20017.)

( 20859.)
( 2181.8.)
( 23022.)
( 21*1.30.)
( 20139.)
( 28232.)

( 380U9.)
( 37865.)
( 37678.)
( 371*89.)
( 37296.)
( 37098.)
( 3689U.)
( 366S2.)
( 36U60.)
( 36225.)

( 35976.)
( 35707.)
( 35U1G.)
( 35096.)
( 31*71*1.)
( 31.31.1*.)
( 33S91*.)
( 33380.)
( 32787.)
( 32096.)

( 5128U.)
( 30322.)
( 29171.)
( 27783.)
( 26093.)
( 2U01G.)

50836.
50935.
51031.
5112U.
51213.
51299.
51381.
51U60.
51535.
51607.

51071..
51739.
51799.
51855.
51901..
51950.
52001.
5201.2.
52079.
52113.

521U3.
( 52169J
( 52193J
( 52213J
( 52232.)
( 522U9J

Q
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NOTE. Data contained in parentheses were calculated by extrapolation of the functions beyond their range. w
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Table 30. Halite - saturated NaCl solutions, concentrations in mol NaCl/kg H O (molal)

X

(molal)

0.1*81
6.522
6.56U
6.608

6.651*
6.701
6.751
6.803
6.857
6.913
6.970
7.03.0
7.092
7.157

7.223
7.292
7.3G2
7.U36
7.511
7.589
7.669
7.752
7.837
7.92U

t

fa

80.
85.
90.
95.

100.
105.
110.
115.
120.
125.
130.
135.
11*0.
1U5.

150.
155.
160.
165.
170.
175.
180.
185.
190.
195.

P

(bars)

0.353
0.1*31
0.522
0.629

0.751*
0.897
1.063
1.253
1.1*70
1.716
1.991*
2.308
2.659
3.053

3.U91
3.978
1*.516
5.111
5.765
6.1*83
7.268
8.125
9.058

10.072

dL v3L

(g cm" ) (cm mol )

1.177
1.175
1.173
1.171

1.168
1.166
1.163
1.161
1.158
1.156
1.153
1.151
1.11*8
1.1U5

1.1U3
1.1UO
1.137

(1.135) (
(1.132) (
(1.130) (
(1.127) (
(1.121*) (
(1.122) (
(1.119) (

23.98
21*. 10
21*. 2fc
21*. 38

21*. 52
21*. 67
2U. 83
21*. 98
25. IS
25.31
25.1*9
25.07
25.85
26.01*

26.23
26.1*3
26.63
26.8U)
27.06)
27.29)
27.52)
27.76)
28.01)
28.27)

^

i (J mol" 1!?" 1 )

-38.008
-37.252
-30.1*08
-35.539

-31*. 61*6
-33.726
-32.779
-25.676
-25.31*6
-25.01*6
-21*. 777
-2I*.5I»1
-21*. 339
-21*. 172

-21*. 038
-23.937
-23.8G9

(-23.830) (
(-23.818) (
(T23.831) (
(-23.863) (
(-23.911) (
(-23.967) (
(-21*. 027) (

_ **

(3 mol" 1 )

-1513.
-1178.
-826.
-U59.

-77.

322.
738.

3502.
3690.
3869.
1*039.
1*198.
U3U5.
1*1*80.

1*603.
U71U.
1*812.
1*898. )
1*973.)
5037.)
5003.)
511*2.)
5187.)
5229.)

V L SL

(cm mol" )

18.89
18.35
19.01
19.00

19.13
19.19
19.25
19.32
19.39
19.U6
19.53
19.61
19.08
19.70

19.81*
19.92
20.00

( 20.08)
( 20.17)
( 20.25)
( 20. 3U)
( 20.1*3)
( 20.52)
( 20.61)

11*. 292
15.259
16.215
17.101

18.090
19.022
19.93U
21.503
22.321*
23.120
23.911
21*. 677
25.U26
20.157

20.870
27.560
28.21*1*

( 28.906)
( 23.550)
( 30.178)
( 30.790)
( 31.387)
( 31.968)
( 32.536)

AS

(J mol^K" 1 ;

125.339
123.168
121.053
118.991

116.079
115.015
113.100
110.562
108.806
107.099
105.1*38
103.821*
102.25U
100.727

99.21*1
97.796
96.390

( 95.021)
( 93.089)
( 92.332)
( 91.128)
( 89.896)
( 88.695)
( 87.523)

SG

I

139.631
138.U27
137.269
136.152

135.075
131*. 036
133.03U
132.066
131.130
130.225
129.31*9
128.501
127.680
126.881*

126.112
125.302
121*. 631*
123.927
123.239
122.570
121.918
121.283
120.66U
120.060

HL

1*816.
5167.
5518.
5871.

6225.
0581.
6937.
75U9.
7879.
8208.
853U.
8857.
9177.
9U95.

9809.
10121.
101*29.

( 10731*.)
( 11036.)
( 11335.)
( 11631.)
( 11921*.)
( 1221U. )
( 12501.)

AH

(J mol" 1 )

1*281*1*.
1*261*9.
1*21*51.
U2251.

1*201*7.
1*181*0.
U1632.
1*1166.
1*0980.
U0793.
1*0607.
1*01*22.
U0237.
U0052.

39868.
39685.
39502.

( 39320.)
( 39139.)
( 38957.)
( 38776.)
( 38595.)
( 381*11*.)
( 38232.)

HG

U766U.
1*7815.
1*7969.
1*8121.

1*8272.
1*81*22.
1*8569.
1*8715.
US859.
1*9001.
1*911*1.
1*9278.
U9i*li».
1*951*7.

U9678.
1*9806.
U9932.
50055.
50175.
50293.
501*07.
50519.
50628.
50733.

CO
H 
H 
>
§

W tr1 
M

O
f

O
2
CG



8.01U
8.107
8.203
8.301
8.1*02
8.506
8.613
8.722
8.835
8.951

9.070
9.192
9.317
9.1*1(6
9.579
9.715
9.85U
9.997
10.1U5
10.296

10.1*51
10.610
10.771*
10.91*1
11.111*
11.291

200.
205.
210.
215.
220.
225.
230.
235.
21*0.
2U5.

250.
255.
260.
265.
270.
275.
280.
285.
290.
295.

300.
305.
310.
315.
320.
325.

11.170
12.357
13.639
15.019
16.502
18.093
19.797
21.619
23.561*
25.636

27.8U1
30.183
32.668
35.301
38.086
1*1.029
1*1*. 133
l»7.i*OU
50.81*5
5U. 1*61

58.253
( 62.226)
( 66.379)
( 70.713)
( 75.227)
( 79.918)

(1.116) (
(1.11U) (
(1.111) (
.(1.109) (
(1.106) (
(1.10K) (
(1.102) (
(1.099) (
(1.097) (
(1.095) (

(1.092) (
(1.090) (
(1.088) (
(1.086) (
(1.08U) (
(1.082) (
(1.081) (
(1.079) (
(1.077) (
(1.075) (

(1.073) (
(1.071) (
(1.069) (
(1.066) (
(1.063) (
(1.058) (

28.53)
28.81)
29.10)
29.1*1)
29.73)
30.06)
30.1*2)
30.79)
31.19)
31.61)

32.06)
32.55)
33.07)
33.65)
3U. 27)
3U. 90)
35.72)
36.58)
37.51*)
'38.65)

39.92)
1*1.1*0)
1*3.16)
U5.27)
1*7.86)
51.10)

(-21*. 082) (
(-2U. 122) (
(-21*. 138) (
(-2U. 118) (
(-21*. 01*7) (
(-23.909) (
(-23.686) (
(-23.357) (
(-22.896) (
(-22.27U) (

(- 21.U58) (
(-20.U07) (
(-19.075) (
(-17.U06) (
(-15.331*) (
(-12.782) (
( -9.65U) (
( -5.836) (
( -1.191) (
( i*.i»53) (

( 11.301.) (
( 19.626) (
( 29.7U7) (
( U2.090) (
( 57.200) (
( 75.797) (

5271..)
5325.)
5386.)
5U65.)
5568. )
5703.)
5880. )
6111.)
f.l»10.)
6792.)

7277.)
7888. )
8651.)
9600. )

10772. )
12216.)
13987. )
1615U. )
18803.)
22037.)

25987.)
30815.)
30728.)
1*3991.)
529U8.)
61*056. )

( 20.70) (
( 20.80) (
( 20.89) (
( 20.99) (
( 21.09) '(
( 21.19) (
( 21.28) (
( 21.38) (
( 21.U9) (
( 21.59) (

( 21.69) (
( 21.79) (
( 21.89) (
( 22.00) (
( 22.10) (
( 22.21) (
( 22.31) (
( 22.1*2) (
( 22.53) (
( 22.6i») (

( 22.75) (
( 22.87) (
( 23.00) (
( 23.13) (
( 23.29) (
( 23.1*8) (

33.091)
33.631*)
31*. 167)
31*. 691)
35.207)
35.719)
36.228)
36.738)
37.251*)
37.778)

38.316)
38.876)
39.1*63)
(.0.089)
U0.763)
Ul. 500)
U2.315)
1*3.230)
1.1*. 268)
U5.U61)

1*6.81*7)
1*8.1*75)
50.1*07)
52.722)
55.52U)
58.950)

( 86.379)
( 85.260)
( 81*. 164)
( 83.090)
( 82.03U)
( 80.995)
( 79.968)
( 78.950)
( 77.937)
( 76.923)

( 75.90U)
( 7U. 872)
( 73.819)
( 72.736)
( 71.611)
( 70.1*31)
( 69.178)
( 67.832)
( 66.369)
( 61*. 757)

( 62.959)
{ 60.925)
( 58.595)
( 55.889)
( 52.705)
( 1.8.907)

119.U70
118.891.
118.331
117.780
117. 2U1
116.713
116.196
115.688
115.190
111.. 701

111.. 220
113. 7U8
113.283
112.825
112.371.
111.930
111.1*93
111.062
110.637
110.218

109.806
(109.U01)
(109.002)
(108.611)
(108.229)
(107.857)

( 12786.)
( 13070.)
( 13353.)
( 13631..)
( 13917.)
( 11.201.)
( 11*1*87.)
( 1U778.)
( 15075.)
( 15381.)

( 15699.)
( 16031.)
( 16383.)
( 16759.)
( 17167.)
( 17613.)
( 18107.)
( 18662.)
( 19293.)
( 20017.)

( 20859.)
( 218U8.)
( 23022.)
( 21*1*30.)
( 26139.)
( 28232.)

( 3801*9.)
( 37865.)
( 37678.)
( 371*89.)
( 37296.)
( 37098.)
( 36891*.)
( 36682.)
( 361*60.)
( 36225.)

( 35976.)
( 35707.)
( 351*16.)
( 35096.)
( 31*71*1.)
( 3U3UI*.)
( 33891*.)
( 33380.)
( 32787.)
( 32096.)

( 3128U.)
( 30322.)
( 29171.)
( 27783.)
( 26093.)
( 21*016.)

50836.
50935.
51031.
51121..
51213.
51299.
51381.
511.60.
51535.
51C07.

5167U.
51739.
51799.
51855.
51908.
51956.
52001.
520U2.
52079.
52113.

5211.3.
( 52109J
( 52193J
( 52213J
( S2232J
( 5221.9;

p
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NOTE. Data contained in parentheses were calculated by extrapolation of the functions beyond their range. w


