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Powder X-ray Diffraction

5250 —UQ, + Li,O, 30 min 1800 rpm

4500

P

3750

Intensity (counts
N €3]
N o
(%) [
o o
1 1

0 — 1T - T T T T T T T T T T T T
5 10 15 20 25 30 35 40 45 50

26 (°)

Figure S1: Raw PXRD pattern of m3p-UO3-L1,0,
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Figure S2: Raw PXRD pattern of recrystallized m3,-UO;-Li,0,
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Figure S3: Raw PXRD pattern of m5-UO3-Na,0,
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Figure S4: Raw PXRD pattern of m3p-UO3-Na,0,
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Figure S5: Raw PXRD pattern of n3,-UQ3-Na,O, enhanced 20 10°-50°
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Figure S6: Raw PXRD pattern of recrystallized m3,-UO3-Na,0,
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Figure S7: Raw PXRD patterns of UO3;+ MgO, 30 min 1800 rpm and starting materials
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Figure S8: Raw PXRD patterns of UO; + CaO, 30 min 1800 rpm and starting materials
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Figure S9: Raw PXRD patterns of UO3+ SrO, 30 min 1800 rpm and starting materials
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Figure S10: Raw PXRD patterns of UO; + BaO, 30 min 1800 rpm and starting materials
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Raman Spectroscopy
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Figure S11: Raman fitting parameters of solid m3p-UO3-Li,0,
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Figure S12: Raman fitting parameters of dissolved m3,-UO5-Li,0, in H,O 18 hr
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Figure S14: Raman fitting parameters of solid m5-UO3-Na,O,

Kravchuk and Forbes 16



40

{ ——UO; + Na,0, 30 min 1800 rpm
354 — 701 cm™
| -722 cm”!
< a0 —767 cm’!
L 790 cm™!
'; 1 ——808cm™
c 2549 838 cm”
) { ——878 cm™
e -
g 20 4 - -1057 cm
o] | ——1080 cm™
L
> 15
=
[7)]
c
o 10
c
5 -
0]
T T T T T T T T T T T 1
1200 1100 1000 900 800 700 600
-1
Wavenumber (cm™)
40 Model Lorentz
| Equation y = Y0 + (2"Api)*(wW/(4"(x-xc)'2 + w'2))
Plot Peaki(Intens Peak2(Inten Peak3(Inten Peakd(Inten Peak5(Inten Peak6(Inten Peak7(Inte
35 4w -0.64551£0. -0.64551 £ -0.64551 +0-0.64551 £0-0.64551 £0 -0.64551 + -0.64551 &
xe 700.8512 +0 721.82825 766.67458 +789.96599 + 807.79847 + 838.29744 878+0
—_ Aw 24,4308 +0. 4079013 + 2708823+ 2622353+ 27.74807 + 1157826+ 1510
- A 125320529 48541737 60696991 +242 43391 + 851 87175+ 7542071+ 20+0
w 30 Reduced 0.25167
~ |r-square 0.99705
g Adj. R-Sq 0.99693
S 254EE. o papraenaeew — Y05 + Na,0, 30 min 1800 rpm
@ 15" otmesomm ormssome — 701 cm’”
E g0 [msmrecd 729 om”
8 | :Bducsd o 15.90658 £ 2. Z&i—’;ﬁi 86486 £1.98 767 Cm-1
R-Square (C 0.99263 1
; 15 _Aai,quSquar 0.99227 790 cm
= ——808 cm
& 838 cm’!
% 10 + ——878 cm”
- - 1057 cm’™
5 ——1080 cm’!
0]
T T T T T T T T T T T 1
1200 1100 1000 900 800 700 600

Wavenumber (cm™")

Figure S17: Raman fitting parameters of recrystallized m3,-UO3-Na,O,
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Figure S16: Raman fitting parameters of dissolved m3,-UO5-Na,0, in H,O 18 hr
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Figure S17: Raman fitting parameters of recrystallized m3,-UO3-Na,O,
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Figure S18: Raman fitting parameters of solid UO; + MgO, 30 min 1800 rpm
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Figure S20: Raman fitting parameters of solid UO; + SrO, 30 min 1800 rpm
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Figure S21: Raman fitting parameters of solid UO; + BaO, 30 min 1800 rpm
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Infrared Spectroscopy
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Figure S22: Infrared spectrum of solid m3,-UO;-L1,0,
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Figure S23: Infrared spectrum of recrystallized m3,-UO;-Li,0,
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Figure S24: Infrared spectrum of solid m;5-U0O5-Na,0,
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Figure S25: Infrared spectrum of solid m3,-UO5-Na,0,
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Figure S26: Infrared spectrum of recrystallized m3(p-UO3-Na,O,
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Scanning Electron Microscopy

UO; + L1,0, 30 min 1800 rpm

20.0kV 5.6mm x500

Backscattered Electrons

20.0kV 5.6mmx500

Figure S29: Secondary and backscattered images of recrystallized m5,-UO5-Li,0,
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UO; + L1,0, 30 min 1800 rpm
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Figure S28: Secondary and backscattered images of solid m3,-UO5-Li,0,
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Figure S29: Secondary and backscattered images of recrystallized m3,-UO3-Li,0,
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UQO; + Li1,0, 30 min 1800 rpm H,O recrystallized
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Figure S30: Secondary and backscattered images of recrystallized m3,-UO3-L1,0,
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Figure S31: Secondary and backscattered images of solid m,5-UO5-Na,0,
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UO; + Na,0, 30 min 1800 rpm

Secondary Electrons

L

&

Backscattered Electrons

20.0kV 5.6mm%370 100um

Figure S32: Secondary and backscattered images of solid m3,-UO5-Na,0,
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UO; + Na,0, 30 min 1800 rpm H,O recrystallized
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Figure S33: Secondary and backscattered images of recrystallized m3(-UO3-Na,0,
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Mechanism of Carbonate Formation
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Figure S34: Mechanism of carbonate formation via mechanochemically induced superoxide

anion interactions with molecular carbon dioxide.

Superoxide radicals O, * ~ are formed in the solid state due to mechanochemical impact on the
solid starting materials Li,0, and Na,O, during grinding. The O, * ~ within the solid react with
molecular CO, in gas form by inducing a homolytic cleavage of the C=0 bond of the CO,
carbonyl, which resulting in the formation of the C-O-O ~peroxycarbonate adduct and a C-O°~
radical in place of carbonyl. The peroxycarbonate adduct C-O-O ~performs a nucleophilic attack
on the electrophilic carbon of another incoming CO, molecule, resulting in peroxydicarbonate
anionic radical C,Og *~, which in turn accepts the unpaired electron from the superoxide radical
O, * “resuling in the release of oxygen gas and formation of peroxydicarbonate anion. The
peroxydicarbonate anion further undergoes a homolytic cleavage of the O-O bond yielding two
equivalents of COj; * ~species. Two COj; * ~ molecules stoichimetrically react with two superoxide
radicals O, * ~resulting in two equivalents of oxygen gas and two equivalents of carbonate anions
CO32_.
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