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1 Experimental section

1.1 General methods and instrumentation

All manipulations were carried out under a dry, oxygen-free N, atmosphere using standard
Schlenk techniques or an MBraun Unilab glovebox. The solvents ds-pyridine, dg-THF and
d¢-benzene were refluxed over potassium metal overnight, trap-to-trap distilled and three times
freeze-pump-thaw degassed prior to use. Pyridine was degassed and refluxed over potassium
metal for three days, distilled and stored over 4 A molecular sieves. All other solvents were
nitrogen-purged and dried by passage through Vacuum Atmosphere drying towers and then

stored over 4 A molecular sieves.

'H NMR spectra were recorded on a Bruker AVA400 spectrometer operating at 399.90 MHz,
or on Bruker AVA500 and Bruker PRO500 spectrometers operating at 500.12 MHz. 3C{'H}
NMR spectra were recorded on Bruker AVAS500 or Bruker PRO500 spectrometers operating
at 125.76 MHz. "F{'H} NMR spectra were recorded on a Bruker AVA400 spectrometer
operating at 376.47 MHz or on a Bruker PRO500 spectrometer operating at 470.59 MHz. 'H
and BC{'H} NMR chemical shifts are referenced to residual solvent resonances (Cg¢Dg: 6y =
7.16 ppm, d¢c = 128.06 ppm; dg-THF: 6y = 1.73 ppm, 3¢ = 25.37 ppm) calibrated against an
external standard (SiMe,, 6 = 0 ppm). ?F{'H} NMR chemical shifts are referenced to an

external standard (CCL3F, 6 = 0 ppm).

Single crystal X-ray diffraction data were collected using an Oxford Diffraction Supernova
instrument at 120 K, fitted with a CCD area detector using CuKa radiation (1 = 1.5418 A).
Structural solution was carried out using direct methods in SHELXS-97 (Compound 2)!' and
the SIR92 program (Compound 3),> and were refined using a full-matrix least-square

refinement on |F]?> using SHELXL-97.! All programs were used within the WinGX suite.?

Elemental analysis was carried out by Mr. Stephen Boyer, London Metropolitan University.
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Electrochemical measurements were made using an Autolab 302 potentiostat and the data
processed using GPES Manager V4.9. Experiments were undertaken at room temperature in a
N, glovebox in a 25 mL electrochemical cell with a glassy-carbon disk working electrode, a
platinum gauze as the counter electrode and a silver wire as the pseudo-reference electrode.
The solution employed was 1.0 mM of the compound with 0.1 M ["BuyN][BPhy] as the
supporting electrolyte, in 12 ¢cm? dry and deoxygenated CH,Cl,. All potentials were referenced
against [FeCp,]™° (Ey», [FeCp,]™ = 0.0 V). Cyclic voltammograms were measured for
quiescent solution at variable scan rates. Square-wave voltammograms were also measured for
quiescent solution, using a frequency of 25 Hz, amplitude of 20 mV and step-potential of 5

mV, giving a scan-rate of 124 mV s,

Infrared spectra were recorded on a Jasco 410 spectrophotometer as nujol mulls between NaCl
disks. Intensities are assigned as: w = weak, m = medium, s = strong. UV/Vis/NIR spectra were
recorded at room temperature (typically 288 K) on a Jasco V-670 spectrophotometer in a 10
mm quartz cuvette fitted with a Young’s tap. Extinction coefficients were determined from at
least four independent solutions of the analyte at various concentrations in the range
1 — 40 uM, using the gradient of the plot of absorbance against concentration. The intercepts

of the linear fits were set at the origin.

Steady-state emission spectra were recorded in 1 cm path length quartz cuvettes appended with
Young’s taps (for room temperature measurements) or in 5 mm borosilicate Young’s tap NMR
tubes (for low temperature measurements) on an Edinburgh Instrument FP920
Phosphorescence Lifetime Spectrometer equipped with a 5 W microsecond pulsed xenon
flashlamp, a 450 W continuous wave xenon lamp (with single 300 mm focal length excitation
and emission monochromators in Czerny Turner configuration), a red sensitive photomultiplier
in Peltier (air cooled) housing, (Hamamatsu R928P) and a removable liquid nitrogen cryostat

(Edinburgh Instruments). Lifetime data were recorded following excitation with an EPL 405
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picosecond pulsed diode LASER (EPL405, Edinburgh Instruments) using time correlated
single photon counting (PCS900 plug-in PC card for fast photon counting). Lifetimes were
obtained by both reconvolution fitting (using Ludox® as the scatterer) and tail fitting on the
data obtained and found to be comparable. The qualities of fits of lifetime data were judged by
minimization of residuals squared and reduced chi-squared; generally, the kinetic fits were

improved using the tail fitting procedure. All spectra are reported uncorrected.

X-band EPR spectra were measured for CH,Cl,/toluene solutions on a Bruker ELEXSY'S ES00

spectrometer and simulations performed using Bruker’s Xsophe software package.*

1.2 Synthetic procedures for isolated compounds, and attempted syntheses

The compounds HL,> UO,{N(SiMe3),}2(py).°® and [Cp,TiCl],” were synthesised according to

literature procedures. All other reagents were used as received.

1.2.1 Synthesis of [UO,CI(L)], 2

Method A: Pyridine (15 mL) was added to a stirred mixture of HL (0.40 g, 0.84 mmol) and
UO,{N(SiMe;3), }2(py)2 (0.63 g, 0.84 mmol) at =60 °C, forming a purple solution. The solution
was stirred at this temperature for 2 h and at room temperature for a further 12 h, after which
it had become dark blue in colour. A solution of pyridinium chloride (97.0 mg, 0.84 mmol) in
pyridine (4 mL) was added to the blue solution and the mixture stirred for 12 h. The volatiles
were removed under vacuum and the dried material was washed with hexanes (2 x 20 mL) and
dried under vacuum for 12 h to yield UO,CI(L), 2. Purple-blue single crystals suitable for X-
ray crystallography were obtained by re-crystallization from a concentrated benzene solution.

Yield: 0.50 g (76 %). '"H NMR (THF-dg, 500 MHz): 8y / ppm 9.52 (s, 2H, imine), 8.53 (m, 2H,
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2,6-pyridine), 7.65 (m, 1H, 4-pyridine), 7.30 (d, 2H, pyrrole B-H, 3Jyy = 4.3 Hz), 7.25 (m, 2H,
3,5-pyridine), 7.18 (d, 2H, pyrrole B-H, 3Jyg = 4.3 Hz), 2.01 (s, 18H, ‘Bu); PC{!H} NMR
(THF-dg, 126 MHz): d¢ / ppm 160.9, 159.8, 151.0, 147.6, 136.4, 135.9, 135.2, 129.2, 124.9,
124.5, 66.2, 32.7, 31.1, 23.7, 14.6; 1°F {{H} NMR (THF-ds, 471 MHz): &; / ppm -140.68 (m,
2F, Arf 0-F), -155.19 (t, 1F, Arf p-F, 3Jgr = 23.5 Hz), -163.34 (m, 2F, Arf m-F). Anal. Calcd
for CpsH,4CIFsN4O,U (M, = 780.96 g mol!): C, 38.45; H, 3.10; N, 7.17 %. Found: C, 38.40;
H, 3.25; N, 7.04 %. FTIR (Nujol): v / cm™! 1655 (w, L), 1607 (w, L), 1556 (m, imine), 1408
(w, L), 1266 (m, L), 1216 (m, L), 1188 (m, L), 1062 (m, L), 1004 (m, L), 952 (w, L), 932 (m,
L), 879 (w, L), 847 (s, asym. UO, stretch), 819 (w, L), 773 (w, L), 756 (w, L). L = absorptions
attributed to the dipyrrin ligand. UV/vis (toluene): A / nm 293sh (¢ = 27,000 dm? mol-! cm!),

513sh (6300), 557 (17,800), 598 (43,400).

Method B: A mixture of [UO,(N{SiMes},),(thf);] (1.536 g, 2.1 mmol, 0.5 eq.) and
[UO,Cl,(thf),] (1.014 g, 2.1 mmol, 0.5 eq.) was suspended in toluene (10 mL) and stirred for
10 min resulting in a dark orange suspension which was added to a red solution of HL (2 g, 4.2
mmol, 1 eq.) in toluene (10 mL). The solution immediately turned purple. After stirring for ca.
2 h the solution was filtered and the filtrate cooled overnight at -30°C yielding 2 as a crop of
dark purple crystals which were isolated by filtration and dried under reduced pressure for 16
h. Yield: 1.76g (63%). '"H NMR (C4¢Dg, 500 MHz): &y / ppm 8.75 (s, 2H, imine), 6.67 (d, 2H,
pyrrole B-H, 3Jyy = 4.4 Hz), 6.52 (d, 2H, pyrrole B -H, 3Jyg = 4.4 Hz), 1.92 (s, 18H, tBu);
BC{'H} NMR (C¢Dg, 126 MHz) 3¢ / ppm 159.8 (C,), 157.8 (CH), 146.7 (C,), 146.0 (br, C-F),
144.1 (br., C-F), 138.8 (br. C-F), 136.7 (br., C-F), 134.1 (CH), 124.0 (CH), 65.7 (2 x
C(CH3)3),30.7 (6 x C(CH3)3); F{'H} NMR (C¢Dg, 471 MHz): 8¢ / ppm -138.76 (m, 2F, ArF

0-F), -151.43 (t, 1F, ArF p-F, 3Jp = 23.5 Hz), -160.45 (m, 2F, Ar* m-F);



1.2.2 Synthesis of

[(Cp,TiCI)OUO(Cp,TiC)CI(L)], 3

To a purple-blue solution of 2 (0.20 g, 0.26 mmol) in toluene (15 mL) was added a solution of
[Cp,TiCl], (0.12 g, 0.28 mmol) in toluene (10 mL) at —40 °C. The solution was stirred for 12
h at this temperature, forming a dark blue solution which was allowed to warm to room
temperature, and then stirred for a further 48 h, affording a blue precipitate. The blue solids of
3 were isolated by filtration and dried under vacuum. Single crystals suitable for X-ray
diffraction were grown from a concentrated benzene solution at room temperature. Yield: 0.115
g (37 %). '"H NMR (THF-dg, 500 MHz): 6y / ppm 43.63 (s, 20H, Cp), -17.38 (s, 2H, pyrrole -
H), -22.45 (s, 2H, pyrrole B-H), -31.68 (s, 18H, Bu), -37.33 (s, 2H, imine); F{'H} NMR
(THF-dg, 471 MHz): 8¢ / ppm -153.48 (d, 2F, Arf o-F, 3Jgr = 20.0 Hz), -161.97 (t, 1F, Arf p-
F, 3Jgr = 22.6 Hz), -170.44 (t, 2F, Arf m-F, 3Jgz = 20.1 Hz). Anal. Calcd for
C4sHy4CI3FsN,O,Ti,U (M, = 1207.98 g mol!): C, 44.74; H, 3.67; N, 4.64 %. Found: C, 44.59;
H, 3.69; N, 4.51 %. FTIR (nujol): v / cm™' 1659 (w, L), 1610 (m, L), 1560 (s, imine), 1521 (m,
L), 1499 (s, L), 1407 (m, L), 1272 (s, L), 1220 (m, L), 1193 (s, L), 1156 (w, X), 1062 (s, L),
1001 (s, L), 982 (s, L), 962 (w, L), 948 (m, L), 898 (w), 845 (m, X), 814 (s, X), 772 (m, L),

630 (s, asym. UQO; stretch). L = absorptions attributed to the dipyrrin ligand, X = absorptions



attributed to TiCp,Cl. UV/vis/NIR (toluene): A / nm 296sh (g = 18,600 dm? mol! cm™!), 509sh

(5200), 546 (10,800), 598 (11,000), 1142 (44), 1192 (12), 1380 (6), 1493 (5).

1.2.3 Attempted synthesis of [(Cp,TiCl)OUOCI(L)], 4

To a purple-blue solution of 2 in ds-thf (0.5 mL) was added 0.5 eq of [TiCp,Cl], to give a
purple solution. The 'H NMR spectrum taken after 5 minutes contained resonances
corresponding to complex 2, smaller resonances corresponding to complex 3 and a set of
resonances which were assigned to the UV species [Cp,CITIOUO(L)] (4, see below). After ca.
1 h microcrystalline precipitate was evident in the NMR tube. After 48 h at room temperature
all three species were still present in solution. 'H NMR (THF-ds, 500 MHz): &y / ppm 19.35
(s, 10H, Cp), -1.12 (d, 3Jgg = 3.6 Hz, 2H, pyrrole B-H), -3.11 (d, 3Jun = 3.6 Hz, 2H, pyrrole B-
H), -7.84 (s, 2H, imine CH), -8.58 (s, 18H, #-Bu); '°F{'H} NMR (THF-ds, 471 MHz): 8¢ / ppm
-141.35 (d, 2F, Arf o-F, 3Jgr = 32.7 Hz), -145.82 (d, 2F, Arf o-F, 3Jgr = 32.7 Hz), -158.00 (t,
IF, Arf p-F, 3Jgr = 22.1 Hz), -165.96 (t, 2F, Arf m-F, 3Jgr = 23.2 Hz), -166.24 (t, 2F, Arf m-F,

3JFF =23.2 HZ)

1.2.4 Attempted synthesis of [UO,CI(L)][CoCp,], 2™

CoCp; (23 mg, 0.12 mmol, 0.95 eq) was added to a purple-blue solution of 2 (100 mg, 0.13

mmol) in C¢Dg (2 mL), immediately forming a magenta solution. The product was strongly

paramagnetic and NMR-silent. Single crystals of 2°~ were grown from THF from a reaction

between 2 and two equivalents of CoCp,. UV/vis/NIR (toluene): X / nm 294 (g = 42,000 dm3

mol-! cm), 346sh (12,000), 548 (27,000), 598 (50,000). No absorption observed in the NIR

region (see spectrum below). Dilute solution of 2°” in toluene has a more purple hue than that

of 2, which appears distinctly blue.



1.2.5 Attempted synthesis of [UO,CI(L)][CoCp,], 2+

CoCp; (47 mg, 0.25 mmol, 1.95 eq) was added to a purple-blue solution of 2 (100 mg, 0.13
mmol) in C¢Dg (2 mL), immediately forming a magenta solution. The product was strongly
paramagnetic and NMR-silent. Attempts were made to grow single crystals of the product, as
above, without success. UV/vis/NIR (toluene): A/ nm 311 (g = 39,000 dm? mol-! cm™!), 345sh

(19,000), 539 (26,000), 595 (17,000). No absorption observed in the NIR region (see spectrum

below). Dilute solution of 2°2” in toluene is red-purple, in contrast to that of 2°~, which is purple.

1.2.6 Attempted synthesis of [UO,(L)]K;

Pyridine (5 mL) was added to a mixture of 2 (36 mg, 46 umol) and potassium metal (5 mg,
0.13 mmol, 2.8 eq), forming a dark purple solution. A multitude of paramagnetically-shifted
'"H NMR resonances were observed shortly after the reaction was started, providing no
definitive structural information and indicating that a large number of products are formed from
the reaction. Attempts were made, without success, to isolate single crystals from the reaction

mixture.



1.3 Crystallographic data

Table S1. Summary of crystallographic data for complexes 2, 3, and [CoCp,][UO,(L)].

Compound [UO,CI(L)] 2 [(Cp,TiIC)OUO(Cp,TiCl)CI(L)] 3 | [Co(Cp),][UO,(L)]
CCDC Number 1446511 1446512 1507634

Chemical formula C37H;36CIFsN4O,U Cs1Hs5oCl3FsN4,O, Ti,U C74H76CLF(NgOsCo,U,
M, / g mol’! 937.18 1286.13 2012.24

Crystal system, space
group

monoclinic, Cc

Monoclinic, P2,/c

Monoclinic, P2,/c

Temperature / K 120 120 170

a, b c/A 24.5647 (2), 8.4279 (1), 14.486 (5), 30.377 (5), 12.092 (5) 16.0945 (2), 28.2241
16.8859 (1) (4), 19.2594 (3)

o, p,y/deg 90.00, 91.172 (1), 90.00 90.00, 107.081 (5), 90.00 90.00, 105.247 (2), 90.00

vV /A3 3495.14 (5) 5086 (3) 8440.7 (2)

z 4 4 4

Radiation type Cu Ko Cu Ko Mo Ka

p/ mm! 14.35 13.44 4.35

Crystal size / mm

0.11 x 0.05 x 0.04

0.12 x 0.04 x 0.02

0.51 x0.16 x 0.06

Diffractometer SuperNova, Dual, Cu at zero, |SuperNova, Dual, Cu at zero, Atlas | Xcalibur, Eos
Atlas

Absorption correction | Gaussian Gaussian Analytical

Toiins Tax 0.743, 0.871 0.982, 0.996 0.757, 0.950

No. of measured,
independent and
observed

[1> 20(1)] reflections

34748, 7244, 7139

75069, 9330, 7021

117037, 19317, 16343

Rinl

0.033

0.158

0.036

(sin O/ g | A1

0.630

0.602

0.649

R[F?> 20(F?)), wR(
), S

0.027, 0.068, 1.04

0.056, 0.112, 1.06

0.033, 0.076, 1.07

No. of reflections 7244 9330 19317

No. of parameters 439 601 940

No. of restraints 2 0 60

H-atom treatment Mixed Mixed Riding
APrmaxs Apmin / € A3 3.81,—0.85 0.99, —1.59 1.65,-0.90




Figure S1. Overlay of X-ray crystal structures of 2 (red) and 3 (green) (left), and 2 (red) and 2*~ (green)
(right) highlighting any structural between the dipyrrin ligands in U(VI) and U(IV) complexes and in
U(VI) and U(VI)(L*) complexes.
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1.4 NMR spectra
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Figure S2. '"H NMR spectrum for complex 2 in C4Ds. Residual C¢DsH solvent resonance at 7.15 ppm
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Figure S3. BC{'H} NMR spectrum for complex 2 in C4Ds
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Figure S4. °F{'H} NMR spectrum for complex 2 in C¢Dg.
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Figure S5. COSY NMR spectrum for complex 2 in dg-THF, focussing on the pyrrole proton region.
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Figure S6. '"H NMR spectrum for complex 3 in dg-THF . Residual THF solvent resonance marked
with an asterisk (*) and minor impurity (Cp,TiCl,) marked with a dagger (7).
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Figure S8. COSY NMR spectrum for complex 3 in ds-benzene, focussing on the pyrrole protons.
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1.5 Infra-red spectra
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Figure S11. FT-IR spectra (nujol mull) of complexes 2 and 3.

1.6 Electronic absorption data
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Figure S12. UV/vis spectra for HL (green), 2 (blue) and 3 (red). All measured at room temperature in
toluene.
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Figure S13. Determination of the extinction coefficient for HL in toluene. Absorbance values are for
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Figure S14. Determination of the extinction coefficient for 2 in toluene. Absorbance values are for
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Figure S15. Determination of the extinction coefficient for 3 in toluene. Absorbance values are for
the maximum at 598 nm.
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Figure S16. Overlaid UV/vis spectra for 2, following addition of 1 and 2 eq. of CoCp,, and crystalline
2. All spectra measured as toluene solutions.
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Figure S17. Room temperature NIR absorption spectrum for complex 3 (toluene solution).
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Figure S18. Room temperature NIR absorption spectrum for 2 after addition of 1 eq. CoCp,
(concentrated toluene solution). Only solvent-subtraction artefacts are observed; absorption bands
arising from f~f transitions are absent.
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Figure S19. Room temperature NIR absorption spectrum for 2 after addition of 2 eq. CoCp,
(concentrated toluene solution). Only solvent-subtraction artefacts are observed; absorption bands
arising from f~f transitions are absent.

1.7 Emission data
Table S2. Summary of lifetime data for HL and complexes 2 and 3 in THF recorded following 405 nm

excitation with a picosecond pulsed diode LASER (nd, not determined due to insufficient signal
intensity at 405 nm excitation).

Compound Aem / M T,/ ns, 298K T,/ ns, 298K T/ 1ns, 77K T,/1ns,77 K
HL 490 1.10+0.02 5.61 £0.08 1.04 £ 0.06 2.69 £0.04
(52%) (48%) (23%) (77%)
HL 600 0.63 +0.01 4.69 +0.07 0.51+0.01 4.12+0.03
(54.2%) (46%) (23%) (77%)
2 6.98 £ 0.07
290 133002 d d
(35%) (65%)
2 1.07 £0.01 427 +£0.06
600 (57%) (43%) nd nd
3 1.08 £ 0.02 4.67 +0.05
550 (45%) (55%) nd nd
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Figure S20. Emission and excitation spectra of HL in fluid THF solution recorded at 298K.
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Figure S21. Emission and excitation spectra of HL in a rigid THF glass recorded at 77K.
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Figure S22. Emission and excitation spectra of 2 in fluid THF solution recorded at 298K.
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Figure S23. Emission and excitation spectra of 2 in a rigid THF glass recorded at 77K
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Figure S24. Emission and excitation spectra of 3 in fluid THF solution recorded at 298K.
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1.8 Electrochemical data
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Figure S26. Cyclic voltammogram for HL, measured as a CH,Cl, solution at 100 mV s,
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Figure S27. Cyclic voltammogram for KL, measured as a CH,Cl, solution at 100 mV s,
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Figure S28. Square-wave voltammograms for KL, measured as a CH,Cl, solution. Both the cathodic
and anodic scans are shown.
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Figure S29. Cyclic voltammograms for complex 2, measured as a CH,Cl, solution at multiple scan
rates between 100 — 500 mV s'l.

25



1/ uA

10
154
_20_‘
_25_-

-30 4— L e L L
-250 -2256 -200 -175 -150 -125 -1.00 -0.75 -0.50

25+
20
15-
10-
5_-
0_-
_5_-

-2.

1 Il I
-2.03V -1.17v 096V

03V 117V 096V

E / V versus Ferrocene

Figure S30. Square-wave voltammograms for complex 2, measured as a CH,Cl, solution. Both the
cathodic and anodic scans are shown.

Table S3. Summary of cyclic voltammetry data for HL, KL and complex 2. Values are from

voltammograms measured at 100 mV s™! in CH,Cl, and all potentials are quoted versus ferrocene. ¢Irr.
= irreversible, Q.R. = quasi-reversible, red. = reduction; * denotes poor accuracy due to overlapping

waves.
Compound | Process | E,/V | E2/V | AE/V | E\p/V | | i/ i,f| | Area/pC | Assignment ¢
HL I -1.51 - - - - 1.4E-5 | Irr. le red.
I -2.02 - - - - 1.3E-5 | Irr. le red.
KL I -1.29 - - - - 4.0E-6 * | Irr. le red.
II —-1.57 - — — — 6.5E-6 * | Irr. le red.
2 ! 103 | -0.89 | 0.14 | -096 | 1.07* QR. le” red,
2 8E-5 Dipyrrin
I -1.25 | -1.10 | 0.15 -1.18 | 0.61* Q.R.UVT/ UV
I -2.10 | -1.94 | 0.16 -2.02 0.80 1.4E-5 | QR.UV/UY
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Table S4. Summary of square-wave voltammetry data for KL and complex 2. Values are from

voltammograms measured at 124 mV s! in CH,Cl, and all potentials are quoted versus ferrocene. Irr.

= irreversible, Q.R. = quasi-reversible, red. = reduction; * denotes poor accuracy due to overlapping

waves.
Compound | Process | E,/V | E2/V | AE/V | Eip/V | i,/ i,f| | Area/pC | Assignment ¢
KL I -1.18 - - - - 1.6E-6 | Irr. le red.
II -147 | -1.41 0.06 - 0.59 1.5E-6 | Irr. le red.
2 I —0.96 | —0.96 0 -0.96 | 093 * QR.lered, L
5.4E-6
II -1.17 | -1.17 0 -1.17 0.95 * QR. U/ UV
I -2.03 | -2.03 0 -2.03 0.96 2.6E-6 | Q.R.UV/UW
1.9 EPR spectra
g scale
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Figure S31. X-band EPR spectrum of [2]~ recorded in fluid toluene/CH,Cl, solution at 223 K,
following in sifu chemical reduction of 2 with 0.9 CoCp,. Experimental conditions: frequency, 9.4155
GHz; power, 6.3 mW; modulation, 0.05 mT. Experimental data are represented by the black line;
simulation is depicted by the dashed trace: g;,, = 1.9893.
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Figure S32. X-band EPR spectrum of [2] recorded in frozen toluene/CH,Cl, solution at 130 K,
following in situ chemical reduction of 2 with 0.9 CoCp,. Experimental conditions: frequency, 9.4252
GHz; power, 0.63 mW; modulation, 0.1 mT. Experimental data are represented by the black line;
simulation is depicted by the dashed trace: g = (1.9974, 1.9872, 1.9786).

2 Computational section

2.1 Computational details

All quantum-chemical calculations were conducted using the Gaussian09 program suite.?
Becke’s 3-parameter hybrid functional was employed, combined with the non-local correlation
functional provided by Perdew/Wang denoted as B3PW91.° Two different effective core
potentials from Stuttgart-Dresden were used for describing the uranium atoms. The relativistic
energy-consistent small-core pseudopotential of the Stuttgart-Koln ECP library was used in
combination with its adapted segmented basis.!? For comparison, the corresponding 5/-in-core
ECP augmented by a f polarization function was used.!! It should be noted that this
computational scheme was also applied previously by our group in analogous studies.!? Ti and
ClI centers were also treated with an energy-consistent pseudopotential of the Stuttgart-Koln
ECP library in combination with its adapted segmented basis.!® For all other atoms, a standard

28



6-31G** basis set was used.!* All stationary points have been identified as minima (number of

imaginary frequencies Njy,e = 0) by frequency calculations.

2.2 Cartesian coordinates for optimised geometries
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14.570652

13.500193

12.791052

14.310255

10.591018

10.594408

11.318994

12.859105

13.351572

14.376364

13.858573

14.527760

13.207117

8.349295

6.449936

6.270094

5415184

5.102407

5.115738

8.742649

7.163992

7.536037

6.824064

6.623094
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T - T =T = =

5.443827

6.547915

8.766609

8.423124

6.072382

4.887031

8.470190

2.943958

3.324375

5.584490

6.635482

4.996279

8.240790

15.455478

13.999396

12.552028

13.213245

14.989536

T = T = =

7.010217

4.941287

5.570264

8.003916

8.908781

3.918534

2.241166

0.617926

1.279869

3.323231

HOMO

Uranium (VI)

62

C
H
H
H
C
H
H
H
C
H

13.563311

12.671488

14.321475

13.309028

15.397219

15.235536

16.166843

15.766370

14.434854

14.797730

2.826943

2.334624

2.060488

3.302796

4.517445

5.036567

3.754911

5.234907

3.105161

3.779439

4.883827

5.286323

4.693319

3.936911

5.396811

4.452590

5.240428

6.136267

7.201050

7.984912

0 O =Z o o @=@m o o & =

LUMO

15.234265

13.587976

14.109739

12.469216

12.661791

11.493624

10.678723

10.686723

9.896208

9.148893

2.389488

2.528281

3.846019

5.010554

4.317794

6.033273

6.127926

5.448430

7.239152

7.640204

9.613646

10.009023

12.035819

12.924068

11.400488

6.991665

7.588942

5.894996

7.171152

7.990106

7.441422

8.602893

9.444429

8.416537

9.086739
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0 T©T =2 O o & o o = o @=m o o o o o o o o o O

10.267493

9.734862

8.645880

8.919091

7.912710

6.594848

6.293028

7.316121

10.134784

9.605194

8.813139

10.302269

10.187216

11.224851

12.183879

12.275093

13.923302

14.156055

13.287515

14.972178

14.455823

7.797024

8.966892

9.638122

10.688469

11.318278

10.896178

9.850822

9.234786

9.580756

10.808614

11.390945

11.088989

11.936419

10.018445

9.874677

10.731175

8.818817

10.200649

10.573529

10.109378

10.950054

7.150652

6.599398

7.371406

8.248044

8.973832

8.827363

7.960015

7.245217

5.408792

4.894321

5.343965

3.746865

3.084633

3.587122

2.524074

1.856286

1.287173

0.656537

0.102612

-0.065104

1.397645

© © z =z Z Z T T =©m O T T =T O

i

o]

Cl

13.429293

13.245101

14.186741

12.505520

15.249759

15.576231

16.018524

15.161366

13.081319

11.258723

11.133074

12.902601

10.941044

13.834461

10.166979

8.200039

5.630778

5.038465

6.999823

13.596992

12.405375

7.861834

6.863698

7.788051

8.242981

8.351007

9.043244

8.322224

7.352936

4.920316

7.030265

9.116319

8.820452

6.350839

7.643908

11.107614

12.311865

11.487681

0.191828

0.588765

-0.595262

-0.256798

1.901690

2.683844

1.122856

2.329517

6.046248

6.573287

4.576896

2.381467

3.765785

4.999712

8.411002

9.801333

9.511953

9.450650  7.820060

8.243659  6.424256

5.361143

6.978540

2.551563

4.357711
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