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From the group of six proposals, two new WGs were approved for a start in 2006:

• Thermodynamics and Equation of State of Seawater (chair: Trevor McDougall, Australia)

This group will examine the results of recent research in ocean thermodynamics to

- recommend a change to the internationally recommended algorithms for evaluating density 
and related quantities (including enthalpy, entropy and potential temperature). 

- take into account the reformulation of the International Temperature Scale (ITS-90). 

- examine the most accurate recent knowledge of the freezing temperature of seawater, the 
calculation of dissolved oxygen, and the behavior of seawater at high salinity. 

- examine the feasibility of using simple functions of three-dimensional space to account for the 
effects of the spatially varying concentrations of alkalinity, total carbon dioxide, calcium and 
silica on the determination of density in the ocean.
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Reggio di Calabria, May 2007

G.M. Marion, RF, T.J. McDougall, B.A. King , C.-T. A. Chen, D.R. Jackett, D.G. Wright, P. Spitzer, F.J. Millero
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EOS-80
(Unesco / JPOTS 1980)
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JPOTS = Joint Panel on Oceanographic

Tables and Standards

IAPSO = International Association for 
the Physical Sciences of the Oceans

SCOR = Scientific Committee on 
Oceanic Research

Thermodynamics of Seawater

SCOR/IAPSO WG 127
Liaison with IAPWS
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http://www.icpws15.de/
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Neptunian
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Gibbs Function of Ice Ih
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S > 40
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Composition of Standard Seawater
 &

Reference-Composition Salinity Scale 
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Practical Salinity S on the PSS-78 scale is separate from the system of SI units.  
Reference Salinity can be expressed in the unit (g kg–1), as a measure of 
Absolute Salinity. 

Reasons for Reference Salinity – WG 127

The freshwater mass fraction of seawater is not (1 – 0.001 S).  Rather, it is (1 – SA), 
where SA is the Absolute Salinity, defined as the mass fraction of dissolved material 
in seawater.  The values of SA /(g kg–1) and S are known to differ by about 0.5%. 

PSS-78 is limited to the salinity range 2 to 42.  For a smooth crossover on one side 
to pure water, and on the other side to concentrated brines up to saturation, 
salinities beyond these limits need to be defined. 

The Debye-Hückel limiting laws of seawater behavior at low salinities, e.g. the 
Gibbs function of seawater, require a chemical composition model.

The next largest improvement in the equation of state of seawater will come from 
incorporating the variation in the composition of seawater.  
Stoichiometric anomalies can be specified accurately relative to Reference Salinity 
with its known salt composition, but only uncertainly with respect to IAPSO 
Standard Seawater with unknown composition. 
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Practical Definition of Reference Salinity 
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Theoretical Definition of Reference Salinity 
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Definition 1 – “KCl-normalized seawater” 

The term KCl-normalized seawater is used to describe any seawater 
sample that has the same specific electric conductivity as a solution of 
potassium chloride (KCl) in pure water with the KCl mass fraction of 
32.4356 g kg–1 when both are at the ITS-90 temperature t = 14.996 °C and 
one standard atmosphere pressure, P = 101325 Pa.  

KCl refers to the normal isotopic abundances of potassium and chlorine as 
described by the International Union of Pure and Applied Chemistry (IUPAC 
2005).   

Pure water is taken here as Vienna Standard Mean Ocean Water, VSMOW, 
as described in the 2001 Guideline of the International Association for the 
Properties of Water and Steam (IAPWS 2001). 
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Definition 5 – “Reference-Composition Salinity”, SR 

a) The Reference-Composition Salinity of pure water is defined to be zero.  Pure water is meant here as 
Vienna Standard Mean Ocean Water, VSMOW, as described in the 2001 Guideline of the International 
Association for the Properties of Water and Steam (IAPWS 2001). 
 
b) The Reference-Composition Salinity of normalized Reference Seawater is defined to be exactly 

35.165 04 g kg−1.

c) The Reference-Composition Salinity is defined to be conservative during mixing.  If a seawater sample 
of mass m1 and Reference-Composition Salinity S1 is mixed with another seawater sample of mass m2 and 
Reference-Composition Salinity S2, the final Reference-Composition Salinity S12 of this sample is 

Negative values of  and  corresponding to the removal of seawater with the appropriate salinity are 
permitted, so long as . In particular, if S2 = 0 (pure water) and m2 is chosen to normalize the seawater 
sample, then S12 = 35.165 04 g kg−1 and the original Reference-Composition Salinity of sample 1 is given 
by  

d) The Reference-Composition Salinity of a seawater sample at given temperature and pressure is equal 
to the Reference-Composition Salinity of the same sample at another temperature and pressure when the 
transition process is conducted without exchange of matter, in particular, without evaporation, precipitation 
or degassing of substance from the solution. 
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Definition 3 – “Reference Composition” 

The Reference Composition of the substance dissolved in seawater, 
called sea salt, is defined by the list of solutes and their mole fractions, 
Xi, as given in columns 1 and 2 of Table 4.
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Parts of the Gibbs Function of Seawater

Gibbs function: ( ) ( ) ( )ptgptSgptSg ,,,,, WS +=

Saline Part: ( ) ( ) ( )∫+=
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g(S, t, p) 2008

S = 0 - 120 g/kg

T = –6 - 80 °C

p = 101325 Pa

g(S, t, p) 2003

S = 0 - 42 g/kg

T = –2 - 40 °C

p = 0 - 100 MPa
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All data at atmospheric pressure. Seawater: AS: Sagasso Sea (Atlantic), DS: 
San Diego (Pacific), JS: La Jolla (Pacific), MS: model seawater, RS: reference 
seawater, SS: Standard (Atlantic) seawater, ns: not specified

Data Used for the 2008 Gibbs function
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Data Used for the 2003 Gibbs function

Seawater: OS: Oregon (Pacific), SS: Standard (Atlantic) 
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IAPWS Certified Research Need – ICRN
Thermophysical Properties of Seawater 

(to be issued in 2008)

The Range of Properties Required

Salinity: between pure water and the saturation concentration 
(typically more than 100 g/kg), 

Temperature: from the freezing point to the boiling point, or to 680 K

Pressure: from 0 to 100 MPa, corresponding to about 10,000 m water depth.

Ranges include the conditions met in technical systems like desalination 
plants or the cooling systems of power stations.
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Gibbs Function g(S,t,p) for any Composition Model
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Gibbs-Duhem Equation 
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Salinities up to 110 g/kg:

The Chemist‘s Approach to Seawater

Pitzer Equations:

Osmotic Coefficient,
Water
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Marion, G. M., Farren, R. E. & Komrowski, A. J.: Alternative pathways for seawater freezing. 
Cold Regions Science and Technology, 29 (1999) 259-266



PTB Braunschweig, 13 September 2007 

Fluid sampling and temperature measurement 
at 3000 m water depth and 407 °C 
with deep-sea robot QUEST 5 
at 5 °S at the Mid-Atlantic Ridge 
(Copyright MARUM, University of Bremen)

Andrea Koschinsky, on r/v METEOR, April - June 2006, registered 
407 °C at a hydrothermal vent at 3000 m as the highest temperature 
ever measured at the ocean bottom. 

“407 °C at 3000 m depth marks the critical 
temperature, where water is no longer a fluid 
but reaches the state of “critical vapor“ 
cruise leader Koschinsky says. 

“This special state of aggregation differs markedly 
from liquid water in the way it leaches materials 
such as metals from the bedrock. The result of the 
process are super-hot solutions of highly unusual 
composition.“ 
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Thank You




