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Corrigendum to ‘‘New constraints on kinetic isotope effects during CO2(aq) hydration
and hydroxylation: Revisiting theoretical and experimental data”

[Geochim. Cosmochim. Acta 214 (2017) 246–265]
The authors regret an error in the derivation of the link between KFFs and isotopic rate constants
of CO2 hydration (Section 2.2). Considering the subset of isotopologues, C16O16O, C18O16O, H2

16O
and H2

18O, there are four possible forward reactions:
(1) C16O16O + H2
16O? H2C

16O16O16O,
(2) C18O16O + H2

16O? H2C
18O16O16O,

(3) C16O16O + H2
18O? H2C

18O16O16O,
(4) C18O16O + H2

18O? H2C
18O18O16O.
Reaction (4) involves rare isotopologues of both CO2 and of H2O, forms a doubly substituted
isotopologue, and was not included in the original paper. Indeed, backward reaction (4) may be
neglected in the derivation of the link between KFFs and isotopic rate constants of H2CO3 dehydra-
tion. However, forward reaction (4) still should have been considered in the derivation of the link
between KFFs and isotopic rate constants of CO2 hydration.

Including reaction (4) in the derivations presented in Section 2.2 and Appendix A.1 results in the
following relations,
(5) akþ1

CO2!HCO3
ffi k0aþk0b

2kþ ,

(6) akþ1

H2O!HCO3
ffi k0c

kþ,
which are distinct from those originally reported in Table 2, akþ1

CO2!HCO3
ffi k0aþk0b

2RH2O
k0cþ2kþ and

akþ1

H2O!HCO3
ffi k0c

RCO2
ðk0aþk0bÞþkþ. Thus, the dependence of the KFFs on the isotope ratio of the reactants,

which was discussed in the paper, may be neglected. We have corrected Table 2 accordingly.
Additionally, Fig. 2 of the original paper is obviated, as is its discussion in the text (last paragraph
in Section 2.2).
Table 2
Relations between KFFs and isotopic rate constants. The various rate constants (ks) are defined in Reactions
(10)–(12). Similar relations hold also for CO2 (de)hydroxylation due to the symmetry with CO2 (de)hydration.

CO2 hydration HCO3
– dehydration

akþ1

CO2!HCO3
ffi k0aþk0b

2kþ ak�1

HCO3!CO2
ffi k0O1þk0O2

2k�

akþ1

H2O!HCO3
ffi k0c

kþ ak�1

HCO3!H2O
ffi k0O3

k�
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Table 4
KFFs of CO2 hydration calculated by their relations to isotopic rate constants (Table 2), following the values of isotopic rate constants
reported in Zeebe (2014) for n � 4.

n k0a/k
þ k0b/k

þ k0c/k
þ Dkþ1

CO2!HCO3
Dkþ1

H2O!HCO3

4 0.9958 0.9919 1.0066 �6.2 6.6
5 0.9968 0.9933 1.0084 �5.0 8.4
6 0.9962 0.9933 1.0096 �5.3 9.6
8a 0.9954 0.9938 1.0063 �5.4 6.3
8b 0.9963 0.9952 1.0000 �4.3 0.0

Table 6
Compilation of KIE estimates (D = 1000lna, all in ‰) during CO2 (de)hydration and (de)hydroxylation. Values in bold denote the
contribution of this study. Regular font denotes KFF reported directly in the cited references.

Dkþ1

CO2!HCO3
Dkþ1

H2O!HCO3
Dk�1

HCO3!CO2
Dk�1

HCO3!H2O
T [�C] Theoretical/Experimental Reference

�3.7c � 5.5 � 0 E [1]
�7.3 ± 1.8c �8.0 ± 6.4c 1.9 ± 1.8 �44.6 ± 6.4 0 E This study after [1]
�16.4c 17.9c �7.0 �13.1 25 T (n = 2) [2]
�6.2 6.6 3.3c �24.4c 25 T (n = 4) This study after [3]
�5.0 8.4 4.5c �22.6c 25 T (n = 5) This study after [3]
�5.3 9.6 4.2c �21.5c 25 T (n = 6) This study after [3]
�5.4 6.3 4.0c �24.7c 25 T (n = 8a) This study after [3]
�4.3 0.0 5.2c �31.0c 25 T (n = 8b) This study after [3]

Dkþ2

CO2!HCO3
Dkþ2

OH!HCO3
Dk�2

HCO3!CO2
Dk�2

HCO3!OH T [�C] Theoretical/Experimental Reference

0.0 0.0 9.4c �68.8c 25 Common practice*

�1.7 ± 3.0 0.5 ± 3.0 7.7 ± 3.0c �70.7 ± 3.0c 22 E This study after [4]
3.2c �6.4c 12.6 �75.2 25 T (n = 1) [2]

[1] Clark and Lauriol (1992).
[2] Guo (2008).
[3] Zeebe (2014).
[4] Clark et al. (1992).
c Calculated by the link between KFFs and EFFs from the corresponding KFFs in the same row (Table 3; EFFs were taken from the studies
of Beck et al. (2005), Green and Taube (1963), and Thornton (1962). See Table B.1).
* Common practice refers to assumption of negligible KIEs during CO2 hydroxylation (Usdowski et al., 1991; Clark et al., 1992; Dietzel et al.,
1992; Rollion-Bard et al., 2003; Wang et al., 2013; Falk et al., 2016).

Table 8
Calculated covariation of carbon and oxygen isotopes (d13C vs. d18O slope) in calcite precipitated from bicarbonate solutions at the kinetic
limit (Eq. (41)). Carbon and oxygen KFFs of calcite precipitation were taken from Watkins and Hunt (2015) (13Dkþ3

HCO3!calcite = 0‰) and
Watkins et al. (2014) (18Dkþ3

HCO3!calcite = �3.6‰). Values for carbon and oxygen KFFs are presented in Tables 6 and 7.

13DT
18DT Slope (d13C/d18O) T [�C] Theoretical/Experimental Reference for dehydration KIE

�15.5 ± 0.7 �8.5 ± 1.6 1:8þ0:5
�0:3 0 E Clark and Lauriol (1992)

�14.7 �6.3 2.3 25 T (n = 2) Guo (2008)
�15.9 �4.7 3.4 25 T (n = 4(1)) Zeebe (2014)
�5.2 �4.7 1.1 25 T (n = 4(2)) Zeebe (2014)
�15.6 �4.0 3.9 25 T (n = 5) Zeebe (2014)
�16.0 �3.9 4.1 25 T (n = 6) Zeebe (2014)
�15.9 �4.5 3.5 25 T (n = 8a) Zeebe (2014)
�20.4 �5.2 3.9 25 T (n = 8b) Zeebe (2014)
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Table 9
Calculated covariation of carbon and oxygen isotopes (d13C vs. d18O slope) in calcite precipitated from bicarbonate solution at the kinetic
limit and 0 �C. Values for carbon and oxygen KFFs during CO2 dehydration are based on the data of Clark and Lauriol (1992) and the
temperature sensitivity reported in Guo (2008). KFF values of CO2 dehydration based on the isotopic rate constants from Zeebe (2014) were
calculated by assuming insensitivity to temperature of the hydration KFFs (thus, the originally reported values for 25 �C apply also to 0 �C),
and using the relevant EFFs at 0 �C (Table B.1). Carbon and oxygen KFFs of calcite precipitation were taken from Watkins and Hunt (2015)
(13Dkþ3

HCO3!calcite = 0‰) and Watkins et al. (2014) (18Dkþ3

HCO3!calcite = �3.6‰).

13k�1

HCO3!CO2

18Dk�1

HCO3!CO2

18Dk�1

HCO3!H2O
13DT

18DT Slope (d13C/d18O) Reference for dehydration KIE

�31.2 ± 1.5 1.9 ± 1.8 �44.6 ± 6.4 �15.5 ± 0.7 �8.5 ± 1.6 1:8þ0:5
�0:3 Clark and Lauriol (1992)

�32.5 �7.8 �13.8 �16.1 �6.7 2.4 Guo (2008) (n = 2)
�34.9 3.1 �30.0 �17.3 �5.7 3.0 Zeebe (2014) (n = 4(1))
�13.4 3.1 �30.0 �6.7 �5.7 1.2 Zeebe (2014) (n = 4(2))
�34.3 4.3 �28.3 �17.0 �5.0 3.4 Zeebe (2014) (n = 5)
�35.1 4.0 �27.1 �17.4 �4.9 3.6 Zeebe (2014) (n = 6)
�35.0 3.8 �30.3 �17.4 �5.5 3.2 Zeebe (2014) (n = 8a)
�44.1 5.0 �36.6 �21.8 �6.1 3.6 Zeebe (2014) (n = 8b)

Fig. 3A.

Fig. 4B.
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In the rest of the paper, this mistake affects only the theoretical KFF values of CO2 (de)hydration
calculated using the isotopic rate constants of Zeebe (2014). The corrected KFF values differ by 2–4‰
from those reported in the paper, and are slightly farther from the experimental estimates after Clark
and Lauriol (1992). We present below the corrected KFF values in revised Tables 4 and 6, along with
values unaffected by the change (changes are underlined).

Finally, we have revised Tables 8 and 9, and Figs. 3A and 4B, which make use of the corrected
KFFs to describe calcite precipitation at the kinetic limit.

We thank Chen Zhou, University of Science and Technology of China, Hefei, for pointing out this
mistake. We apologise for any inconvenience caused.
Ziv Sade , Itay Halevy Department of Earth and Planetary Sciences, Weizmann Institute of

Science, Rehovot 76100, Israel
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