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Tables S1-S8

Conditional stability constants in Table 2 in the main text were calculated by using published
NEA TDB values.! Reaction schemes in that review included the reaction of the free uranyl(V1)
with 1 to 4 fluoride forming the various uranyl(VI) fluoride complexes. To obtain stepwise
fluoride complexation of the uranyl(VI) the logK* values from the NEA TDB were averaged
and subtracted from each other e.g. logK* [UO2?*+2 F* = UO2F2] — logK* [UO2%"+ F = UO2F"]
= logK* [UO2F"+ F = UQO3F2]. The error range of the literature logK* was calculated by using

two times the standard deviation of the literature values.

Table S1: Published conditional complexation constants at an ionic strength of around 1 M and used methods for the uranyl(\V1)
fluoride complexes.

Complex Reaction logk* Method Temperature Literature
UO,F* U0 + F = UOyF* 455+0.05  Quinhydrone electrode 20°C Ahrland et al.?
4.66+0.10 NMR 25°C Vdovenko et al.?
4.54+0.05  Quinhydrone electrode 25°C

. Ahrland et al.*
lon selective electrode

4.52+0.06 lon selective electrode 25°C Ishiguro et al.®
4.56+0.05 lon selective electrode 21°C Sawant et al.®
4.60+0.02 Spectrophotometry 25°C Tian et al.
UO,F; U0, + 2 F = UO,F, 7.89+0.05  Quinhydrone electrode 20°C Ahrland et al.?
7.98+0.05  Quinhydrone electrode 25°C
lon selective electrode Anrland et al.
7.90+0.06 lon selective electrode 25°C Ishiguro et al.®
8.07+0.04 Spectrophotometry 25°C Tian et al.
UO,Fy U0 +3F = UO,Fy 10.46+0.05  Quinhydrone electrode 20 °C Ahrland et al.?
10.41+0.05  Quinhydrone electrode 25°C

. Ahrland et al.*
lon selective electrode

9.96+0.07 lon selective electrode 25°C Ishiguro et al.®
10.34+0.06  lon selective electrode 21°C Sawant et al.®
10.78+0.04 Spectrophotometry 25°C Tian et al.

UOF* UO* + 4 F 2 UOF* 11.81+0.05  Quinhydrone electrode 20°C Ahrland et al.2
11.81+0.05  Quinhydrone electrode 25°C

i Ahrland et al.*
lon selective electrode

10.9440.12  lon selective electrode 25°C Ishiguro et al.®
11.92+0.14 Spectrophotometry 25°C Tian etal.



Table S2: Published conditional complexation constants at an ionic strength of around 1 M and used methods for the uranyl(\VV1)
chloride complexes.

Complex Reaction logkK* Method Temperature Literature
UOo.CI* U0, + CI' = UO.CI* -0.10£0.11 Electromotive force 20°C
-0.30+0.26 Spectrophotometry 20°C Ahrland et al.
-0.42+0.04 Spectrophotometry 25°C Davies et al.®
1.64 Spectrophotometry 25°C Hefley et al.’
-0.05 Electromotive force 25°C Ohashi et al.?
-0.60 Mole volume determination RT Jedinakova et al.'t
-0.31+0.10 Spectrophotometry Awasthi et al.?
UQOCl, UO,%* + 2 CI' = UO,Cl, -1.76+0.30 Spectrophotometry 25°C Awasthi et al.*?

Table S3: Used logK® values for PHREEQC calculations.

Reaction equation logk® Reference
H* + F- = HF(aq) 3.173 13,14
HF(aq) + F- = HF> 0.587 B
UO2* + H.0 = UO»(OH)* + H* -5.25 15,16
UO2" + 2 H20 = UO2(OH)s(aq) + 2 H -12.15 15,16
UO2" + 3 H:0 = UO2(OH):~ + 3 H* -20.25 15,16
UO2*" + 4 H.O = UO2(OH)+* +4 H* -324 15,16
2 UO2" + H:0 = (UO2):(OH)* + H* 2.7 15,16
2 UO2?* + 2 H:0 2 (UO:)2(OH):2* + 2 H* ~5.62 15,16
3 UO2" +4 H:0 2 (UO2)s(OH):2* + 4 H* -11.9 1516
3 UO2* + 5 H20 = (UO2)s(OH)s" + 5 H* -15.55 15,16
3 UO2 + 7 H20 = (UO2)s(OH)» + 7 H* -32.2 15,16
4 UO2* + 7 H:0 =2 (UO2)s(OH),* + 7 H* -21.9 15,16
U022 + ClI- = UOCI* 0.17 15,16
UO:2* + 2 CI" 2 UO:Clx(aq) -1.1 15,16
U022+ F = UO:F* 5.16 15,16
UO2" + 2 F- 2 UO:Fx(aq) 8.83 15,16
UOz*" + 3 F 2 UO,Fs~ 10.9 15.16

UO2"+4F = UOF# 11.84 15,16



Table S4: Used ¢ parameters (SIT) for PHREEQC and logK® calculations.

Species i j &(i,) Reference
Na*, HF>~ -0.11 13,14
Na*, ClO4~ 0.01 15,16
Na*, CI- 0.03 15,16
Na*, F~ 0.02 15,16
U0, CI- 0.46 15,16
U0, ClO4 0.46 15,16
UO.Cl', CI 0.22 15,16
UOCI*, ClO4™ 0.33 15,16
UO.F, CI 0.04 15,16
UO:F, Cl04 0.28 15,16
Na*, UO.Fs~ -0.14 15,16
Na*, UO:Fs* -0.3 15,16
UO2(OH)*, CI —0.003 15,16
UO2(OH)*, ClO4+ —0.06 15,16
Na*, UO2(OH)s~ —0.09 15,16

Table S5: Determined LI-factors for the uranyl(\V1) fluoride complexes in solution at 25 °C; pH=2; 1 =1 M.

Complex

Uo*

UOzF*

UOZFZ

UOsFs U02F42'

LI-factor

1.00

0.86

1.60

1.50

1.40

Table S6: Wavenumbers of the first and the second peak of the deconvoluted spectra and their difference (vs).

Component
U022+
Species 1 (UO2F")
Species 2 (UOzFy)
Species 3 (UOzF37)
Species 4 (UO2F4>)

Peak | [cm™] (E)
20445.7
20181.6
20088.4
19996.0
19751.1

Peak Il [cm™] (Sz)
19577.1
19331.1
19241.9
19157.1
18925.1

Difference [cm™], (vs)
868.6
850.5
846.5
838.9
826.1



Table S7: Determined Kq and Ks values from the Ka + Ks and KdKs terms of the linear fit of equation S1.

Temperature

1°C
15°C
25°C
35°C
45 °C

K4 [M7]
1150 £ 104
2073 £ 352
1942 + 424
1788 £ 184
1724 + 102

K, [M7]
426 + 45
447 + 106
720 +197
969 + 109
995 + 63

Table S8: Determined Kq values and the lifetimes of the uranyl(\V1) aquo ion with the calculated kq at 1 to 45 °C.

Temperature

1°C
15°C
25°C
35°C
45°C

K4 [M7]

1150
2073
1942
1788
1724

T [NS]
10190
3420
1670
860
470

ky [Ms7]
1.13E+08
6.06E+08
1.16E+09
2.08E+09
3.67E+09



Figures S1-S10
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Figure S1: Single luminescence component spectra of UO2?*, UO2F*, UO2F2, UOzFs™ and UO2F4> at [F] =0-0.175 M;
—log[H*]=2;1=1M; T=25°C.
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Figure S2: Slope analysis for the a) UO2F2, b) UO2F3s" and ¢) UO2F+% complexes according to equation (3).
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Figure S3: Linear fit of the first peak position (E) versus the number of F- ligands in the uranyl(V1) fluoride complex.
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Figure S4: Linear fit of the total symmetric stretch vibration frequency (vs) versus the number of F- ligands in the uranyl(V1)
fluoride complex.
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Figure S5: Intensity ratio of uranyl(VI)-chloride samples compared to the uranyl(V1) aquo ion ([CI] = 0 M) with increasing
chloride concentration at [CI] =0.01 - 0.1 M; —log[H*] =1.4,1 =11 M; T =-120 °C.
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Figure S6: Luminescence spectra of uranyl(V1) ([U] = 0.1 mM) with chloride [CI] =0-0.05 M at1°C; 1 =0.5 M;

—log[H*] = 2.5.
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uranyl(Vl) at [F]=0.1mM at 1-45°C (274.15 — 318.15K).
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Figure S8: Total luminescence intensity of uranyl(VI) [U] = 0.1 mM with a) fluoride and b) chloride at 0; 0.1 and 10 mM halide

concentration at T=1—45 °C.
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Figure S9: Luminescence spectra of uranyl(VI) ([U]=0.1 mM) with fluoride a) [F]=0mM, b) [F]=1mM and

¢)[F]=100mM at1-45°C; 1 =1M;pH=2.
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Figure S10: Linear regression of (lo/I-1)/[CI] against the chloride concentration

e) 45 °C.
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Equations S1-S4

I
(1_0_1) .L:(K +K)+K 4K [Q]
I/ [Qn ¢ e

-E, 1
ln(kq): ?a . T +In(A)

| kq\ -AH' L, (kB> +AS*
n T - R T n h R

(S1)

(S2)

(S3)

(S4)
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