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Experimental Details

The synthesis of all air- and moisture-sensitive compounds was conducted using standard Schlenk
techniques under an atmosphere of dry argon or within MBraun gloveboxes under an atmosphere
of dry dinitrogen. Vacuum atmospheres and MBraun gloveboxes were employed for the storage
and handling of air- and moisture-sensitive compounds. All glasswares were dried in a 220°C oven
overnight prior to utilisation. Dry solvents were obtained from a solvent purification system
(Innovation Technologies) and were stored in Teflon-tapped ampules over pre-dried 4 A molecular
sieves. [UO,CLy(THF)s] and 2,4,6-tris(2-pyrimidyl)-1,3,5-triazine (TPymT) were synthesised
according to reported literature.” 18-Crown-6 was sublimed before use. All other chemicals were
utilised as received without further purification unless otherwise specified.

Single-crystal X-ray diffraction data were collected on a Supernova, Dual, Cu at zero Atlas
diffractometer utilising Cu Ka radiation (A=1.5418 A) at atemperature of 120 K. Structures were
solved using ShelXT direct methods and were refined with a full-matrix least-squares refinement on
|F]2 using ShelXL.2 All programs were operated within the Olex2 suite.® Non-hydrogen atoms were
refined with anisotropic displacement parameters, while hydrogen atoms were constrained to their
respective parent atoms and refined using a riding model. During the refinement process, 2.25 THF

solvent molecules were masked. Structures were analysed and illustrated using Mercury 4.3.1.%

Crystal data and structure refinement for 1.

Empirical formula

C14He7C16KN9O16.25U3

Formula weight 1947.95
Temperature/K 120.00(10)
Crystal system triclinic
Space group P-1

a/A 13.9789(3)
b/A 14.6991(4)
c/A 17.4435(5)
a/° 74.253(2)
pre 87.805(2)
y/° 69.205(2)
Volume/A3 3218.28(15)
Z 2
Pealeg/cm’ 2.010
wmm-! 7.909
F(000) 1842.0

Crystal size/mm?
Radiation

0.18 x 0.07 x 0.06
Mo Ko (A =0.71073)

20 range for data collection/® 6.508 to 58.23

Index ranges -19<h<18,-18<k<19,-23<1<23
Reflections collected 70525

Independent reflections 15702 [Rint = 0.0578, Rsigma = 0.0561]
Data/restraints/parameters 15702/0/613

Goodness-of-fit on F? 0.991

Final R indexes [[>=2c (1)]
Final R indexes [all data]
Largest diff. peak/hole / ¢ A3

R1=0.0365, wR2=0.0711
R1=0.0527, wR2=0.0763
2.16/-0.90
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UV-vis-NIR spectroscopy was performed utilising a quartz cuvette with a path length of 10 mmon a
NanoDrop 2000c photospectrometer scanning between 1100 and 300 nm under inert conditions.

A THF solution of 1 was analysed against a solvent blank over the scanning range of 400 — 4000 cm™
on a Perkin Elmer Spectrum 65 FT-IR spectrometer.

Raman analysis of solid samples was conducted on a ThermoFisher Scientific DXR3 Raman
microscope, employing a 785 nm excitation laser at 2 mW laser power, with an exposure time of 60
seconds and three scans. A 10x objective with a numerical aperture of 0.3 was utilised for
measurements.

EPR spectra were recorded on a Bruker ELEXSYS E500 spectrometer. Spectral simulations were
performed using Bruker’s Xsophe software package.®

Synthesis

1: One equivalent of TPymT with one equivalent of potassium graphite, one equivalent of 18-Crown-
6 and three equivalents of {UO,Cl,(THF)s} were stirred overnight. Following the stirring, filtration was
performed, and the filtrate was concentrated and kept at -20°C for two days. As a result, dark blue
needle-shaped crystals of complex 1 were formed.

Elemental analysis {[K(18-c-6)][(UO,CL)s(TPymT)] 1.25 THF; C3,H43CltKNsO1325Us; Requires: C,
22.25; H,2.51; N, 7.30; %.}

Data 1: {Found: C, 25.42; H, 4.25; N, 0.69}

Data 2: {Found: C, 19.36; H, 2.71; N, 2.12}

Data 3: {Found: C, 22.61; H, 2.22; N, 6.06}

Note: Data 1 and 3 were analysed at London Metropolitan University, London. Data 2 was collected
at the Elemental Lab in London.

Computational Details

To better understand the electronic structure, Quantum Theory of Atoms in Molecules (QTAIM)® and
Wiberg bond index analysis’ were performed on the core structure of 1, [(UO,Cly)s(TPymT)]"—,
utilising Density Functional Theory (DFT) calculations conducted in the Gaussian16 suite of
programs.® The [K(18-Crown-6)]" group was removed from the model complex to minimise
computational costs. The hybrid B3LYP functional® was employed alongside a double-zeta quality
basis set that utilised a CRENBL effective core potential on the U atom (which has 78 core
electrons and 14 valence electrons),® along with a def2-TZVP basis set for O, N, Cl, and a def2-SVP
basis set for the remaining atoms (C and H)." The broken symmetry approach was applied.'?
Infrared (IR) and Raman spectra were reproduced using the same methodology.

To replicate the experimental UV-Vis electronic transitions, time-dependent DFT (TDDFT)
calculations were conducted on the core structure of 1, [(UO2Cly)s(TPymT)]*—, using the B3LYP
functionalin ORCA5.0.4."% Cl, O, N, C, and H atoms were described by DKH-def2-TZVP basis sets,
which are def2-TZVP basis sets contracted for the Douglas-Kroll Hamiltonian (DKH) as described by
D. A. Pantazis. The U atoms were described by segmented all-electron relativistically contracted
(SARC) basis sets of the SARC-DKH-TZVPP type." The ORCA input file is provided below.
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! BBLYP DKH DKH-def2-TZVP AUTOAUX RIJCOSX veryslowconv notrah LARGEPRINT

%tddft

nroots 100
maxdim 20
end

%scf

maxiter 1500
DIISMaxEq 40
directresetfreq 1
DampFac 0.98
DampErr 0.05
end

%basis

newgto U "SARC-DKH-TZVPP" end
newauxgto U "autoaux" end

end

*xyz 02

*
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XYZ coordinates used in calculations for 1, [UO,CL(THF)s] and [UO,Cly(terpyridine)]

1 {UO,Cly(THF)3} {UO,Cl,(terpyridine)}
2.1780 3.2578 0.0915 0.1991 0.0004 -0.1323 -0.9192 -0.0849 0.0000
-3.9516 0.1979 0.0242 0.9401 -2.5867 -0.3205 -2.8239 -0.6404 1.7922
1.7989 -3.4646 0.1423 1.1166 2.5174 -0.3328 -0.5021 -1.8078 0.0000
4.7311 4.0162 0.0497 0.2206 -0.0013 1.6340 -1.2367 1.6770 0.0000
1.6870 5.6997 0.9613 0.0613 0.0121 -1.8921 0.2791 0.3980 -2.2574
-5.8472 2.0256 0.3131 -1.8657 -1.3396 0.0317 1.6757 -0.0156 0.0000
-5.9938 -1.4892 0.0536 2.6218 -0.0985 0.1707 -0.4021 0.8990 -3.3078
1.2754 -6.0442 0.5365 -1.8170 1.4101 0.0037 -1.3106 1.0720 -3.2142
43106 -4.1904 0.5847 -2.2020 -2.1286 1.2148 0.2138 1.1651 -4.5257
2.0450 3.6118 -1.6278 -1.4532 -2.6904 1.4735 -0.2738 1.5199 -5.2337
2.2823 2.7569 1.7605 -2.4262 -1.5487 1.9594 1.5472 0.8941 -4.6668
-3.9722 0.2513 -1.7290 -3.3254 -2.9293 0.8444 1.9744 1.0604 -5.4764
-3.7628 0.0962 1.7612 -4.1365 -2.5578 1.2245 2.2566 0.3751 -3.6035
1.8470 -3.7692 -1.5915 -3.2154 -3.8319 1.1831 3.1597 0.1728 -3.6971
1.6426 -3.1145 1.8583 -3.4241 -2.9525 -0.6302 1.6095 0.1558 -2.3883
-0.4765 3.5544 -0.1428 -4.3412 -2.8118 -0.9124 2.3151 -0.2660 -1.1663
-2.6141 2.4876 -0.2234 -3.1189 -3.8048 -0.9786 3.5876 -0.8677 -1.2003
-1.3928 0.0872 0.0223 -2.5522 -1.8473 -1.1134 4.0079 -1.0533 -2.0086
-2.8132 -2.1671 -0.3084 -1.9184 -2.1773 -1.7689 4,1959 -1.1744 0.0000
-0.8003 -3.4701 -0.1578 -3.0876 -1.1492 -1.5242 5.0255 -1.5934 0.0000
0.6128 -1.2022 0.0354 3.3284 -0.3968 1.3721 -2.8239 -0.6404 -1.7922
3.1983 -1.3557 -0.5815 3.2014 -1.3277 1.6103 0.2791 0.3980 2.2574
3.3214 1.0268 -0.6289 2.9956 0.1531 2.0993 -0.4021 0.8990 3.3078
0.7245 1.1712 -0.0559 4.7386 -0.1274 1.1529 -1.3106 1.0720 3.2142
-0.6177 1.1799 -0.0063 5.0277 0.6140 1.7077 0.2138 1.1651 4.5257
-1.2780 2.4756 -0.1043 5.2661 -0.9067 1.3835 -0.2738 1.5199 5.2337
-1.0671 4.7221 -0.3950 49144 0.1924 -0.2172 1.5472 0.8941 4.6668
-0.5340 5.5075 -0.4421 5.5869 -0.3829 -0.6154 1.9744 1.0604 5.4764
-2.4277 4.8265 -0.5868 5.1981 1.1145 -0.3163 2.2566 0.3751 3.6035
-2.8333 5.6618 -0.7892 3.5790 -0.0216 -0.8860 3.1597 0.1728 3.6971
-3.1791 3.6809 -0.4763 3.3718 0.7170 -1.4795 1.6095 0.1558 2.3883
-4.1226 3.7327 -0.5827 3.5823 -0.8428 -1.4027 2.3151 -0.2660 1.1663
-0.7260 -1.1027 0.0420 -2.5984 15729 1.1909 3.5876 -0.8677 1.2003
-1.4904 -2.3136 -0.1171 -2.0233 15874 1.9726 4.0079 -1.0533 2.0086
-3.4815 -3.2936 -0.6462 -3.2265 0.8395 1.2834
-4.4143 -3.2428 -0.8158 -3.3232 2.8604 1.0615
-2.8556 -4.4977 -0.7502 -4.2730 2.7074 0.9381
-3.3346 -5.2748 -1.0124 -3.1960 3.4063 1.8527
-1.5128 -4.5598 -0.4638 -2.7425 3.5242 -0.1288
-1.0765 -5.4035 -0.4857 -3.4208 4.0250 -0.6091
1.2906 -0.0507 -0.0747 -2.0296 4.1295 0.1287
2.6966 -0.1305 -0.3989 -2.2294 2.4464 -0.9442
44140 -1.4308 -1.1365 -1.4746 2.7471 -1.4740
48082 -2.2799 -1.2956 -2.9170 2.1113 -1.5408
5.0952 -0.2867 -1.4791
5.9361 -0.3399 -1.9168
45480 0.9235 -1.1846
5.0401 1.7140 -1.3721

C
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Table S1. Selected bond distances and angles for 1.

Atom Atom Length/A Atom Atom Atom Angle/®
Ul cl1 2.6638(12) 02 ul 01 174.85(15)
U1l Cl2 2.6383(12) Cl2 U1l Cl1 85.41(4)
U1 o1 1.760(3) 04 u2 03 174.28(17)
U1 02 1.746(3) i3 u2 cl4 83.49(4)
U1 N1 2.681(4) 06 u3 05 176.15(16)
ul N8 2.608(4) Cle u3 Cl5 84.05(4)
U1 N9 2.547(4) U3 cl5 K1 96.36(4)
u2 ci3 2.6489(13) u3 Clé K1 100.79(4)
U2 cl4 2.6492(14)
u2 03 1.754(3)

U2 04 1.751(3)
u2 N2 2.663(4)
u2 N3 2.562(4)
u2 N4 2.646(4)
u3 CI5 2.6614(13)
us3 Cle 2.6516(13)
U3 05 1.761(3)
us3 06 1.758(3)
u3 N5 2.616(4)
u3 N6 2.556(4)
us3 N7 2.633(4)
U3 K11 4.4964(12)
cl5 K11 3.3412(18)
clé K1t 3.1686(18)
K1 07 2.800(4)
K1 08 2.872(4)
K1 09 2.795(4)
K1 o010 2.900(4)
K1 011 2.769(4)
K1 012 2.901(4)
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Fig. S1: The packing in the X-ray structure of 1 displayed along the a-axis (TOP), b-axis (MIDDLE)
and c-axis (BOTTOM). Both a and b-axis show intermolecular t(TPymT)-- t(TPymT) and
U=0---t(TPymT) interactions, whereas the c-axis shows intermolecular U-Cl---H(TPymT) interaction.
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(a)

(b)

Fig. S2: The short contacts shown from the (a) side and (b) top view with respect to the
[(UO2CLly)s(TPymT)] molecular plane.
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Table. S2: DFT computed QTAIM parameters for U-Oy, U-CL, U-N(TPymT), U-N(TerPy) and U-O(THF)
bond critical points (BCPs) for 1, [UO,CL(THF)s] and related [UO,Cl,(terpyridine)] complexes.
Greater total electron density (p), along with negative Laplacian of electron density (V?p) and energy
density (H(r)) at the U-Oyl bond critical point (BCP), suggests stronger polar covalent bonding for a
given bond.

Eigen value of Hessian Laplacian of Energy
Electron electron density Ellipticity Bond
BCP | density p density (7%p) H(r) (g) dist.
1 no. | (e Bohr3) A A2 As e Bohr=> e Bohr3 (A)
U101 224 0.3160 -0.5962 -0.5921 1.6303 0.4420 -0.2828 0.0070 1.760
U102 213 0.3275 -0.6299 -0.6204 1.6875 0.4373 -0.3019 0.0153 1.746
U203 104 0.3205 -0.6094 -0.6033 1.6558 0.4431 -0.2904 0.0102 1.754
U204 101 0.3241 -0.6212 -0.6106 1.6686 0.4368 -0.2962 0.0173 1.750
U305 168 0.3153 -0.5932 -0.5922 1.6333 0.4479 -0.2816 0.0016 1.761
U306 155 0.3187 -0.6016 -0.5942 1.6299 0.4341 -0.2866 0.0124 1.758
uicii 235 0.0627 -0.0628 -0.0590 0.2726 0.1507 -0.0116 0.0646 2.664
uici2 220 0.0662 -0.0677 -0.0629 0.2868 0.1563 -0.0133 0.0771 2.638
u2ci3 98 0.0647 -0.0658 -0.0608 0.2812 0.1545 -0.0126 0.0829 2.649
u2Cla 94 0.0646 -0.0660 -0.0611 0.2814 0.1543 -0.0125 0.0801 2.649
u3ClIs 141 0.0623 -0.0636 -0.0594 0.2760 0.1530 -0.0112 0.0693 2.661
U3cCle 177 0.0635 -0.0655 -0.0601 0.2813 0.1557 -0.0118 0.0899 2.652
U1N1 191 0.0394 -0.0439 -0.0388 0.2064 0.1237 -0.0012 0.1335 2.681
U1N8 219 0.0461 -0.0541 -0.0475 0.2457 0.1441 -0.0025 0.1398 2.608
U1N9 193 0.0525 -0.0638 -0.0552 0.2867 0.1677 -0.0039 0.1564 2.547
U2N2 116 0.0410 -0.0466 -0.0407 0.2157 0.1284 -0.0015 0.1443 2.663
U2N3 117 0.0511 -0.0621 -0.0537 0.2785 0.1628 -0.0035 0.1569 2.561
U2N4 102 0.0426 -0.0490 -0.0430 0.2247 0.1327 -0.0018 0.1402 2.646
U3N5 138 0.0467 -0.0551 -0.0480 0.2393 0.1361 -0.0031 0.1484 2.616
U3N6 161 0.0524 -0.0644 -0.0562 0.2802 0.1596 -0.0043 0.1445 2.557
U3N7 180 0.0451 -0.0524 -0.0461 0.2308 0.1323 -0.0028 0.1377 2.632
K-CI5 151 0.0074 -0.0053 -0.0050 0.0408 0.0305 0.0018 0.0471 3.341
K-Cl6 181 0.0106 -0.0082 -0.0081 0.0619 0.0456 0.0024 0.0138 3.168
UO,Cl,(THF);
uo1 63 0.31145 -0.59055 -0.57546 1.60616 0.44015 -0.27504 0.02646 1.766
uo2 70 0.31321 -0.58133 -0.57839 1.58961 0.42989 -0.27761 0.03222 1.765
ucia 59 0.05903 -0.03692 0.23093 -0.05416 0.13984 -0.00987 0.09085 2.698
uclI2 81 0.06027 -0.02402 0.22256 -0.05543 0.14311 -0.01040 0.07771 2.687
UO-THF3 61 0.05382 0.21726 0.05654 -0.06197 0.21182 -0.00291 0.04646 2.467
UO-THF? 67 0.05588 0.35082 -0.06623 -0.06132 0.22328 -0.00318 0.04219 2.444
UO-THF? 76 0.05328 0.20733 0.06871 -0.06098 0.21506 -0.00240 0.09016 2.464
UO,Cl,(terpyridine)
U101 42 0.30777 -0.44522 1.45070 -0.57668 0.42880 -0.26846 0.01233 1.773
U102 72 0.29538 -0.47884 1.44902 -0.54229 0.42789 -0.24876 0.00605 1.790
uicii 63 0.06179 0.10309 -0.04481 0.08649 0.14477 -0.01125 0.06983 2.674
uici2 52 0.06179 0.10309 -0.04481 0.08649 0.14477 -0.01125 0.06983 2.674
U1IN1 58 0.04805 0.01062 -0.03939 0.17113 0.14236 -0.00339 0.13968 2.601
U1IN2 59 0.04719 0.25170 -0.04818 -0.05570 0.14783 -0.00285 0.14322 2.596
U1N3 67 0.04805 0.01062 -0.03939 0.17113 0.14236 -0.00339 0.13968 2.601
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Fig. S3: DFT-QTAIM computed gradient line maps of (a,c,e,g,i,k) total electron density and
(b,d,f,h,j,l) Laplacian electron density for 1.
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Table. S$3: DFT computed Wiberg bond index matrix in the NAO basis for 1, [UO,CL(THF)s] and
related [UO,Cl,(terpyridine)] complexes.

1 Wiberg bond index Bond distance (A)
U101 2.1588 1.760
U102 2.1868 1.746
U203 2.1657 1.754
U204 2.1842 1.750
U305 2.1343 1.761
U306 2.1914 1.758
uicia 1.0090 2.664
uici2 1.0421 2.638
u2ci3 1.0302 2.649
u2cl4 1.0149 2.649
uU3clI5 0.9302 2.661
uU3cle 0.9354 2.652
UIN1 0.3004 2.681
UIN8 0.3366 2.608
UIN9 0.3575 2.547
U2N2 0.3105 2.663
U2N3 0.3516 2.561
U2N4 0.3223 2.646
U3N5 0.3653 2.616
U3N6 0.3610 2.557
U3N7 0.3505 2.632
K-CI5 0.0233 3.341
K-Cl6 0.0262 3.168

UO,Cl,(THF);
U101 2.1193 1.766
U102 2.1439 1.765
uicil 0.9290 2.698
uici2 0.9468 2.687
U103-THF! 0.3284 2.467
U104-THF? 0.3532 2.444
U105-THF3 0.3328 2.464

UO,Cl;(TerPy)
U101 2.1554 1.773
U102 2.1324 1.790
uicii 1.0148 2.674
uicl2 1.0148 2.674
U1IN1 0.3584 2.601
U1N2 0.3262 2.596
UIN3 0.3584 2.601
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Fig. S4: DFT computed molecular orbital (MO) energy level diagram for complex 1. Singly Occupied
Molecular Orbital (SOMO) is t*-type where radical electron is delocalised mainly on the triazine
moiety (see Fig. S4b). Green arrows show HOMO to SOMO and SOMO to LUMO energy separation
ineV (1.47 and 1.17 eV, respectively). Orange color solid arrow shows SOMO to LUMO+1 electronic
transition and dotted grey color arrow shows SOMO to LUMO+11 electronic transition. DFT
calculation suggests all UV-Vis transitions in the range of 500 -750 nm are associated with singly
occupied t*-Triazine radical molecular orbital (SOMO) to energetically closer empty t*-Triazine
molecular orbital (LUMO) and uranium 5f-based MOs (between LUMO+1 and LUMO+11). See MOs

diagram in Fig. S5 below.
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Fig. $5: DFT computed (a) HOMO, (b) SOMO, (c) LUMO, (d-0) LUMO+1 to LUMO+11 diagrams,
respectively for 1.
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Fig. S6: Time-dependent DFT (TD-B3LYP) computed transition probabilities for complex 1 showing
selected electronic transitions. For these states, any transitions with percentage contributions less
than 10% are ignored.
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Fig. S7: Overlapped IR spectra for Red: 1, Light grey: TPymT and Blue: UO,Cly(THF)s.
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Fig. S8: Overlapped Raman spectra for Red: 1, Light grey: TPymT and Blue: UO,CL(THF)s.
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Fig. S9: Experimental FTIR, Raman and DFT computed spectra for 1. Note: calculations were

conducted on the core structure of 1, [(UO.CL)s(TPymT)]"—, and thus the strong absorption at 1100
cm™ corresponding to [K{18-c-6)]*, is not reproduced from the calculation.
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