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Supporting Information

This supporting information contains 7 Figures and 4 Tables: the measured fluorescence
emission spectra at atmospheric COz(g), various Ca concentration and pH values, and 5
different ionic strength values; the predominance plots of the Ca-U02-CO3 system under
the experimental conditions; frequency distribution of the £(X?7,Na*) values from
literature compared to the £(CaU0,(C03)37,Na™) determined in this work; and evolution
of the saturation indices of calcite (CaCO5), nesquehonite (MgCO5: 3H,0), and dolomite
(CaMg(CO3),) from the theoretical speciation in Figure 9 of the main text; the stepwise
formation constants values from Figure 5 of the main text; the £(X?,Na*) values from

literature.
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Figure S1. Species distribution at [U(VI)] = 50 umol kgw! in preliminary calculations with
stability constants for UOz(CO3)s3*, UO2(COs3)2%, U02(CO3)3(aq), and (U02)2C03(OH)s
listed in Table 1, and those for CanUO2(CO3)3%2n taken from the work of Lee and Yun.!

Other aqueous information is in Table S1.
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Figure S2. (a) Fluorescence decay spectra of the sample at [U(VI)] = 50 pumol kgwl,

pH = 7.6 equilibrated with atmospheric COz(g), recorded with Aex = 450 nm from D = 20

ns to D = 210 ns. (b) Red line: spectrum recorded at D = 20 ns. Blue line: spectrum at D =

210 ns. Green line: subtraction of the blue line from the red one, also characteristic

spectrum of UO2-COs3 species.
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Figure S3. Measured fluorescence emission spectra of binary and ternary species at various
calcium concentrations and pH values of (a) Im = 0.1 mol kgw?, (b) Im=0.2 mol kgw?,
(c) Im = 0.75 mol kgw'l, and (d) Im = 1.0 mol kgw! NaCl series. Initial delay time D = 25 ns

and gate width W =1 ps, and 1000 accumulations fixed for all acquisitions.
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Figure S4. Hypsochromic-shifted fluorescence spectrum of UO2(CO3)s* ([U(VI)]
50 pmol kgw'l, pH =9, Im = 0.1 mol kgw! NaCl) compared with that of U022+ ([U(VI)]

0.1 mmol kgwl, pH =1) in HCIO4.
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Figure S5. Predominance plots of Ca-U02-CO3 system at [U(VI)] = 50 pmol kgw1, P(CO2) =

10-35 atm and (a) Im = 0.1 mol kgw1, (b) Im = 0.5 mol kgw'}, (c) Im = 0.75 mol kgw'!, and (d)

Im = 1.0 mol kgw'! NaCl. Experimental points giving slopes of 1 and 2 are highlighted with

red triangles and blue filled circles, respectively. The black diamond represents the

beginning of titration where the binary complexes dominated.
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Figure S6. Frequency of the £(X?7,Na*) from literature (Erreur! Source du renvoi

introuvable.); the values for s(Th(OH)y(CO3 :_y_zz, Na+) complexes? were not taken

into account as they as they were proposed in analogy to like-charged complexes in 3 from

data in NEA-OECD.#-6
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Figure S7. Evolution of the saturation indices of calcite (CaCO3), nesquehonite
(MgC03: 3H,0), and dolomite (CaMg(C0O3),) from the theoretical speciation in Figure 9

of the main text.



Table S1. Aqueous conditions in preliminary calculations.

Sample No. pH logio[Ca?'] [Ca?]

(mol kgw) (mol kgw)
1 9.00 - 1.00 x 10~
2 8.90 -4.90 1.26 x 10~
3 8.80 -4.70 2.00 x 10
4 8.70 -4.50 3.16 x 10
5 8.60 -4.30 5.01 x 10
6 8.50 -4.10 7.94 x 10
7 8.40 -3.90 1.26 x 104
8 8.30 -3.70 2.00 x 104
9 8.25 -3.50 3.16 x 10
10 8.20 -3.30 5.01 x 10
11 8.15 -3.10 7.94 x 104
12 8.10 -3.00 1.00 x 103
13 8.05 -2.90 1.26 x 103
14 8.00 -2.80 1.58 x 103
15 7.95 -2.70 2.00 x 103
16 7.90 -2.60 2.51x 103
17 7.85 -2.50 3.16 x 1073
18 7.80 -2.40 3.98 x 103
19 7.75 -2.30 5.01x 103
20 7.70 -2.20 6.31x103
21 7.65 -2.10 7.94 x 103
22 7.60 -2.00 1.00 x 102
23 7.55 -1.90 1.26 x 102
24 7.50 -1.80 1.58 x 1072
25 7.45 -1.70 2.00 x 1072
26 7.40 -1.60 2.51 x 1072
27 7.35 -1.50 3.16 x 1072
28 7.30 -1.40 3.98 x 102
29 7.25 -1.30 5.01 x 102
30 7.20 -1.20 6.31 x 102
31 7.15 -1.10 7.94 x 102
32 7.10 -1.00 1.00 x 10t
33 7.05 -0.90 1.26 x 101
34 7.00 -0.80 1.58 x 101




Table S2. Calculated Ringbém coefficients a for experimental samples.

Im=0.1 In=0.2 Im=0.5 Im=0.75 Im=1

mol kgw* mol kgw* mol kgw? mol kgw? mol kgw
Sample pH a pH o pH o pH a pH o

value value value value value
1 900 100 898 100 9.00 1.00 9.05 100 894 1.00
2 866 106 845 1.00 842 101 845 100 840 1.01
3 8.42 1.04 828 1.02 832 1.03 824 101 844 1.04
4 826 110 821 1.04 817 104 810 101 812 1.03
5 8.23 1.12 8.18 1.04 812 1.02 802 102 804 1.03
6 8.15 124 816 106 810 103 790 106 785 1.04
7 8.11 137 814 106 807 105 783 112 7.77 113
8 810 134 813 107 802 105 7.79 119 783 1.06
9 808 151 805 110 791 111 775 129 773 1.20
10 800 206 793 159 789 115 770 153 7.66 1l.46
11 797 252 790 188 7.83 127 7.62 228 7.60 1.85
12 792 330 7.8 242 776 163 7.57 294 755 238
13 787 479 7.82 290 772 197 753 394 752 3.04
14 785 551 777 405 7.69 231 750 485 748 3.86
15 781 7.07 775 473 7.67 257 745 695 7.36 9.08
16 7.75 1155 7.73 542 766 273 7.40 10.15 7.32 1231
17 7.63 2825 764 1060 7.65 291 735 1487 7.28 16.98
18 760 3708 757 1827 7.60 4.01 731 2034 -- -
19 755 53.34 754 2309 754 6.16 7.28 2578 -- --
20 7.52 7002 7.44 5093 7.49 889 724 3542 -- --
21 750 7991 736 98.01 7.41 16.67 -- -- -- --
22 7.48 96.30 -- - 7.38 21.02 -- -- -- --
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Table S3. Stepwise formation constants derived from the rounded off slopes through the

linear dependence of logioR on logio[Ca?*] (mol-kgw1).

Im (mol-kgw1) logioK113 log10K213

0.10 3.58+0.02 6.01+0.03
0.20 3.17 £ 0.02 5.30 £ 0.03
0.50 2.50 £ 0.01 4.29 +0.02
0.75 2.16 £ 0.02 3.75+0.01
1.00 1.95+0.02 3.41+0.03
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Table S4. Values of the £(X?~,Na') from literature.

Species £(X?-,Na*) kgw mol-! References
EdtaH22- -0.37 = 0.14 7
UO2F4% -0.3 = 0.06 4
ThFe2- -0.3 = 0.06 2
Ni(Oxalate)2? -0.26 +* 0.03 7
UO,(Edta)? 022 * 018 7
UO02(Oxalate)2? -0.18 = 0.07 7
HPO42 -0.15 * 0.06 4
ZrFe? -0.15 * 0.06 8
Mg(Oxalate)2% -0.15 * 0.03 7
Si203(0H)4% -0.15 %= 0.06 4
Si203(OH)42 015 * 0.06 4
(U02)2(0OH)2(S04)2% -0.14 = 0.22 4
U03(S04)22 012 * 0.06 4
SO42- -0.12 = 0.06 4
UO02(N3)4% -0.1 = 01 4
Zr(OH)e* 01 * 01 8
NpO2(HPO4),2 01 * 4
Si02(0H)2> 01 * 007 4
Th(S04)32 -0.091 = 0.038 2
CO3% -0.08 = 0.03 4
Oxalate? -0.08 * 0.01 7
SO32 -0.08 = 0.05 4
S203% -0.08 * 0.05 4
CrO42% -0.06 = 0.04 4
Co(OH)4? 0.06 * 0.02 9
NpO2(Citrate)? -0.06 * 0.03 7
Fe(C03)2% -0.05 * 0.05 10
CitrateH? -0.04 = 0.02 7
U02(CO03)2% -0.02 £ 0.09 4
Mg(Edta)? 2001 * 0.15 7
Zn(OH)42 0.05 * 0.04 u
NpO2(EdtaH)? 007 * 0.16 7
Zn2(OH)s 01 * 0.8 1
Ni(CN)a2- 0.185 * 0.081 12
Cu(OH)«? 019 * 0.05 13
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