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Abstract

Potentiometric measurements of the stoichiometric constants on the seawater pH scale for the dissociation of carbonic acid in

seawater (K1*=[H
+][HCO3

�]/[CO2] and K2*=[H
+][CO3

2�]/[HCO3
�]) have been made as a function of salinity (1 to 50) and

temperature (0 to 50 8C). The results have been fitted to the equations (T/K)

pKi � pK0
i ¼ Ai þ Bi=T þ CilnT :

The values of pKi
0 in pure water are taken from the early work of Harned and Davis (1943) and Harned and Scholes (1941)

pK0
1 ¼ � 126:34048þ 6320:813=T þ 19:568224lnT

pK0
2 ¼ � 90:18333þ 5143:692=T þ 14:613358lnT :

The value of the adjustable parameters Ai, Bi and Ci for pK1* are given by (r =0.0054 and N =466)

A1 ¼ 13:4191S0:5 þ 0:0331S � 5:33E � 05S2

B1 ¼ � 530:123S0:5 � 6:103S

C1 ¼ � 2:06950S0:5:

For pK2* the parameters are given by (r =0.011 and N =458)

A2 ¼ 21:0894S0:5 þ 0:1248S � 3:687E � 04S2

B2 ¼ � 772:483S0:5 � 20:051S

C2 ¼ � 3:3336S0:5:
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The values of pK1* and pK2* determined in this study are in good agreement with the seawater (SW) measurements of Mehrbach

et al. (1973) and Mojica-Prieto and Millero (2002) from S =15 to 45 and 0 to 40 8C. The values of pK1* near S =35 are also in

reasonable agreement with the measurements in artificial seawater (ASW) of Goyet and Poisson (1989) and Roy et al. (1993) from

0 to 35 8C. The values of pK2* in real seawater, however, do not agree with the measurement made in artificial seawater at

temperatures above 5 8C. Calculations of pK1* and pK2* near 25 8C using an ionic interaction model (Millero and Roy, 1997)

suggest that the pK2* results in SW are more reliable than in ASW.

The equations from this study should be valid from S =0 to 50 and t =0 to 50 8C for most estuarine and marine waters (check

values at S =35 and t =25 8C are pK1*=5.8401 and pK2*=8.9636).
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1. Introduction

To examine the thermodynamics of the carbonic

acid system in seawater from measurements of pH,

total alkalinity (TA), total carbon dioxide (TCO2) and

the partial pressure of carbon dioxide ( pCO2) one

needs reliable constants for the dissociation of carbonic

acid.

CO2 þ H2O X Hþ þ HCO�3 ð1Þ

HCO�3 X Hþ þ CO2�
3 : ð2Þ

The stoichiometric constants are given by

K1
* ¼ Hþ½ � HCO�3

� �
= CO2½ � ð3Þ

K2
* ¼ Hþ½ � CO2�

3

� �
= HCO�3
� �

: ð4Þ

The concentrations (mol kg SW�1) are the total stoi-

chiometric values, [H+]= [H+]F+[HSO4
�]+ [HF] (where

the subscript F is used to designate the free proton

concentration). Theoretically the measured stoichiomet-

ric constants (K1* and K2*) for carbonic acid in sea-

water are related to the thermodynamic constants (Ki
0)

by

K1
* ¼ K0

1aH2OcCO2
=cHcHCO3

ð5Þ

K2
* ¼ K0

2cHCO3
=cHcCO3

ð6Þ

where ai is the activity and ci is the activity coeffi-

cient of species i.

A number of workers have made measurements of the

stoichiometric constants for the dissociation of carbonic

acid in real seawater (SW) (Mehrbach et al., 1973;

Mojica-Prieto and Millero, 2002) and artificial seawater

(ASW) (Hansson, 1973; Goyet and Poisson, 1989; Roy

et al., 1993). A summary of these studies is given in

Table 1 along with the standard errors of the individual

measurements being fit to the same equation (Eqs. (11)–

(14)). All of the individual studies have similar standard

deviations, r =0.004 to 0.007 for pK1* and r =0.002 to

0.010 for pK2*. The measurements by Mehrbach et al.

(1973) and Mojica-Prieto and Millero (2002) were

made on real seawater (SW) while the measurements

made by Hansson (1973), Goyet and Poisson (1989)

and Roy et al. (1993) were made on artificial seawater

Table 1

A summary of the measurement made on the dissociation constants of carbonic acid in real (SW) and artificial (ASW) seawater by various workers

Reference Media Salinity range Temperature range (8C) r(pK1*)
a r(pK2*)

a

Hansson ASW 5–40 5–35 0.0070 (62) 0.010 (62)

Mehrbach et al. SW 19–43 2–35 0.0043 (30) 0.010 (33)

Goyet and Poisson ASW 10–50 �1–40 0.0057 (84) 0.010 (90)

Roy et al. ASW 5–45 0–45 0.0044 (80) 0.002 (80)

Mojica-Prieto and Millero SW 12–45 5–45 0.0040 (80) 0.008 (80)

This study SW 1–50 0–50 0.0054 (466) 0.011 (458)

a The values in parentheses are the number of measurements made and the standard errors are based upon fitting the measurements to the same

functional form (Eqs. (11)–(14)).

F.J. Millero et al. / Marine Chemistry 100 (2006) 80–94 81



Download English Version:

https://daneshyari.com/en/article/1263591

Download Persian Version:

https://daneshyari.com/article/1263591

Daneshyari.com

https://daneshyari.com/en/article/1263591
https://daneshyari.com/article/1263591
https://daneshyari.com

