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Chart S1: Input structural search parameters and CSD results used to interrogate possible other

pyrazine bridged complexes and bridged dimers of interest.
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Table S1: Crystallography table for compound 1.

1
Chemical (C4HsN3)2[UO,Cl3(H,0)(C4HaN2 )0 5122H,0
Formula '
Formula
Weight 1067.1
(g/mol)
Crystal
System Triclinic
Space Group P-1
a(A) 7.3929(3)
b (A) 8.7830(5)
c(A) 12.2365(6)
a (°) 70.837(2)
B(°) 73.478(2)
v () 69.922(3)
V (A% 691.57(9)
Z 1
T (K) 100(2)
A (Mo Ka) 0.71073
p (mm') 12.319
Rint 0.0262
R, 0.0106
wR2 0.0256

S3



Table S2: Bond distances and angles for compound 1, (HPyz"),[UO,Cl5(H,0)(Pyz)y5],-2H,0.

Atom(1)-Atom(2) Bond distance (A) Atom(1)-Atom(2)-Atom(3) Bond angle (°) Atom(1)-Atom(2)-Atom(3) Bond Angle (°)

U(h)-02)
U-0(1)
U-0(5)
U(D-N(1)
U(1)-C1(2)
U(1)-CI(3)
U(1)-CI(1)
O(5)-H(5A)
O(5)-H(5B)
N(1)-C(2)
N(D-C(1)
C(1)-C(2)#1
C(1)-H(1)
C(2)-H(2)
NE)-C(®)
NE)-C(5)
N(3)-H@3)
N@)-C(7)
N(4)-C(6)
C(5)-C(6)
C(5)-HE)
C(6)-H(6)
C(7)-C(®)
C(7-H(7)
C(8)-H(®)
O(7)-H(7B)
O(7)-H(7A)

1.7640(15)
1.7654(14)
2.4385(15)
2.5979(19)
2.6895(6)
2.7121(5)
2.7543(5)
0.8699
0.8699
1.340(3)
1.342(3)
1.377(3)
0.95
0.95
1.328(3)
1.336(3)
0.8801
1.329(3)
1.337(3)
1.373(3)
0.95
0.95
1.378(3)
0.95
0.95
0.804(17)
0.791(17)

0(2)-U(1)-0(1)
0(2)-U(1)-0(5)
0(1)-U(1)-0(5)
0(2)-U(1)-N(1)
O(1)-U(1)-N(1)
0(5)-U(1)-N(1)
0(2)-U(1)-CI(2)
O(1)-U(1)-CI(2)
0(5)-U(1)-CI(2)
N(1)-U(1)-C1(2)
0(2)-U(1)-CI(3)
O(1)-U(1)-CI(3)
0(5)-U(1)-CI(3)
N(1)-U(1)-CI(3)
CI1(2)-U(1)-CI(3)
0(2)-U(1)-CI(1)
O(1)-U(1)-CI(1)
0(5)-U(1)-CI(1)
N(1)-U(1)-CI(1)
C1(2)-U(1)-CI(1)
CI(3)-U(1)-CI(1)
U(1)-0(5)-H(5A)
U(1)-0(5)-H(5B)
H(5A)-O(5)-H(5B)
C(2)-N(1)-C(1)
C(2)-N(1)-U(1)
C(1)-N(1)-U(1)
N(1)-C(1)-C(2)#1
N(1)-C(1)-H(1)
C(2)#1-C(1)-H(1)
N(1)-C(2)-C(1)#1
N(1)-C(2)-H(2)
C(1)#1-C(2)-H(2)
C(8)-N(3)-C(5)
C(8)-N(3)-H(3)
C(5)-N(3)-H(3)
C(7)-N(4)-C(6)
N(3)-C(5)-C(6)
N(3)-C(5)-H(5)
C(6)-C(5)-H(5)
N(4)-C(6)-C(5)
N(4)-C(6)-H(6)

175.82(7)
90.05(7)
91.84(6)
85.91(7)
90.24(6)
139.95(6)
91.55(6)
92.59(5)
71.79(4)
148.04(4)
90.72(5)
89.50(5)
150.01(4)
69.97(4)
78.219(16)
90.83(5)
86.31(5)
70.30(4)
69.94(4)
142.010(17)
139.657(17)
127.1
127.9
104.5
116.4(2)
120.79(14)
122.68(15)
121.7(2)
119.1
119.1
121.9(2)
119.1
119.1
121.7(2)
119.1
119.2
117.7(2)
118.1(2)
120.9
120.9
122.1(2)
118.9

C(5)-C(6)-H(6) 118.9
N(4)-C(7)-C(8) 122.12)
N(4)-C(7)-H(7) 118.9
C(8)-C(7)-H(7) 118.9
N(3)-C(8)-C(7) 118.3(2)
N(3)-C(8)-H(8) 120.9
C(7)-C(8)-H(8) 120.9

H(7B)-O(7)-H(7A) 110(3)
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Figure S1: ORTEP drawing of compound 1, (HPyz"),[UO,Cl;(H,O)(Pyz), 5]>-2H,0.
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Figure S2: Room temperature UV-Visible-DRS spectrum of compound 1,
(HPyz"),[UO,Cl3(H20)(Pyz)o 5]22H, 0.
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Figure S3: Room temperature Raman spectrum of

compound 1,
(HPyz"),[UO,Cl5(H,0)(Pyz)o5],-2H,0, using a 532 nm excitation line.
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Figure S4: Model of the isolated [UO,Cl3(H,O)(Pyz)ys5],> anion, with relevant atoms labeled,
which was utilized for all DFT and QTAIM calculations.
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Figure S5: Side-by-side comparison of the unoptimized and optimized [UO,Cl3(H,0)(Pyz), 512>
dimer from the top, in order to show the rotation of the equatorial bridging pyrazine and water
molecules.
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Figure S6: Model of the isolated [UO,Cl,]*- dianion, with relevant atoms labeled, which was
used for all DFT and QTAIM calculations.
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Figure S6: Isodensity representation of the (Left) equatorial chloride p orbitals that comprise the
HOMO of the [UO,Cl,]* dianion and (Right) pure 5f orbitals, which serve as the LUMO of
[UO,Cly]*.
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Table S3: Calculated Raman and IR frequencies and atomic displacements for the symmetric
and asymmetric stretches of the [UO,Cl3(H,0)(Pyz)o5],> dianion.

51 52 53 54
AU AG AG AG
Frequencies 870.311 870.3182 918.0632 948.031
Red. masses 15.8616 14.5217 1.2732 16.3255
Frc consts 7.0786 6.4807 0.6323 8.6449
IR Inten 4.6401 0 0 0
Raman Activ 0 146.4454 4.4593 0.569
Depolar (P) 0 0.0052 0.1817 0.5318
Depolar (U) 0 0.0103 0.3076 0.6943
Atom /AN X Y Z X Y Z X Y Z X Y Z
1 92 0.00 0.00 0.00 | 0.00 0.00 0.00 | 0.00 0.00 0.00 |-0.04 -0.05 0.03
2 17 0.01 -0.01 0.00 | 0.01 -0.01 0.00 | 0.00 0.00 0.00 | 0.00 0.00 0.00
317 -0.01 0.00 -0.01|-0.01 0.00 -0.01]| 0.00 0.00 0.00 | 0.00 0.00 0.00
4 17 0.00 0.01 0.01 | 0.00 0.01 0.01 | 0.00 0.00 0.00 | 0.00 0.00 0.00
5 8 0.30 035 -021| 029 033 -020| 0.01 0.01 -0.01| 027 031 -0.19
6 8 -0.27 -0.35 0.21 | -0.25 -0.33 0.20 | -0.01 -0.01 0.00 | 0.26 035 -0.21
7 8 0.00 -0.01 -0.01 |-0.01 -0.01 -0.01| 0.00 0.00 0.00 | 0.00 0.00 0.00
8 1 0.02 0.02 0.03 | 002 0.02 0.02] 0.00 0.00 0.00|-0.01 -0.03 -0.06
9 1 0.00 0.02 -0.01| 0.00 0.02 0.00 | 0.00 0.00 0.00 |-0.02 -0.02 -0.06
10 7 0.00 0.00 0.00 | 0.00 0.00 0.00 | 0.00 0.00 0.00 | 0.00 0.01 0.01
11 6 0.01 -0.01 0.00 | 0.01 -0.02 -0.02| 0.00 0.07 0.02 | 0.01 -0.04 0.00
12 1 0.01 0.05 0.01 |-0.01 0.15 0.02 | 0.00 -0.48 -0.13|-0.02 0.16 0.05
13 6 0.00 0.01 0.01 |-0.02 0.02 0.01 | 0.00 -0.07 -0.02|-0.01 -0.03 -0.02
14 1 0.00 -0.03 0.00 |-0.02 -0.15 -0.05]|-0.01 048 0.12 |-0.01 0.10 0.05
15 7 0.00 0.00 0.00 | 0.00 0.00 0.00 | 0.00 0.00 0.00 | 0.00 -0.01 -0.01
16 6 0.01 -0.01 0.00 | -0.01 0.02 0.02 | 0.00 -0.07 -0.02|-0.01 0.04 0.00
17 1 0.01 0.05 0.01 | 0.01 -0.15 -0.02| 0.00 048 0.13 | 0.02 -0.16 -0.05
18 6 0.00 0.01 0.01 | 0.02 -0.02 -0.01| 0.00 0.07 0.02 | 0.01 0.03 0.02
19 1 0.00 -0.03 0.00 | 0.02 0.15 0.05 | 0.01 -048 -0.12| 0.01 -0.10 -0.05
20 92 0.00 0.00 0.00 | 0.00 0.00 0.00 | 0.00 0.00 0.00 | 0.04 0.05 -0.03
21 17 0.01 -0.01 0.00 |-0.01 0.01 0.00 | 0.00 0.00 0.00 | 0.00 0.00 0.00
22 17 -0.01 0.00 -0.01 | 0.01 0.00 0.01 | 0.00 0.00 0.00 | 0.00 0.00 0.00
23 17 0.00 0.01 0.01 | 0.00 -0.01 -0.01| 0.00 0.00 0.00 | 0.00 0.00 0.00
24 8 0.30 0.35 -0.21|-0.29 -0.33 0.20 | -0.01 -0.01 0.01 | -0.27 -0.31 0.19
25 8 -0.27 -0.35 0.21 | 025 0.33 -020| 0.01 0.01 0.00|-0.26 -0.35 0.21
26 8 0.00 -0.01 -0.01 | 0.01 0.01 0.01 | 0.00 0.00 0.00 | 0.00 0.00 0.00
27 1 0.02 0.02 0.03 |-0.02 -0.02 -0.02| 0.00 0.00 0.00 | 0.01 0.03 0.06
28 1 0.00 0.02 -0.01| 0.00 -0.02 0.00 | 0.00 0.00 0.00 | 0.02 0.02 0.06
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Figure S7: Calculated Raman spectra rendered from B3LYP outputs. An inset is provided to highlight the U=0 v,
region from 790 to 900 cm™'.
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Table S4: Calculated Raman and IR frequencies and atomic displacements for [UO,Cl4]* in the
uranyl symmetric stretch region (v = 750-900 cm!).

Frequencies
Red. masses
Frc consts
IR Inten
Raman Activ
Depolar (P)
Depolar (U)
Atom/ AN
1 92

17

17

8
17

17

8

QS W o W R

14 15
AG AU
862.6125 942.2844
16.0154 L8.15007
7.0213 9.4989
0.0000 336.0006
73.0829 0.0000
0.0005 0.0000
0.0011 0.0000
X Y 7z X Y V4
0.00 000 0.00 | 0.02 0.04 -0.09
0.01 -0.01 0.00 | 0.00 000 0.01
-0.01 -0.01 -0.01 | 0.00 0.00 0.01
-0.18 -0.25 0.64 | -0.17 -0.25 0.63
-0.01  0.01 0.00 | 0.00 000 0.01
0.01 001 0.01 | 0.00 0.00 0.0l
0.18 025 -0.64|-0.17 -0.25 0.63
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Table S5: Method validation across B3LYP, BLYP, CAM-B3LYP, BP86, PBE1PBE and TPSSH
functionals for the [UO,Cl3(H,O)(Pyz)ys],>- computational model, using Wiberg bond indices as
a reference metric. Although slight deviations in index values occur across functionals, we observe
the same trends in bonding, supporting the validity of the model and the lack of potential functional
bias, further supported by low standard deviations.

B3LYP BLYP CAM-B3LYP  BP8  PBEIPBE TPSSH Std. Dev. (%)
U=01| 2.0695  2.0923 2.0653 2.1065 2.0774 2.0820 -
U=02| 2.0645  2.0873 2.0602 2.1015 2.0724 2.0869 -
U=0 Average | 2.0670  2.0898 2.0628 2.1040 2.0749 2.0845 1.54
U-CIl | 0.7663 0.8201 0.7359 0.8265 0.7603 0.7874 -
U-C12 | 0.8575 0.9195 0.8225 0.9256 0.8490 0.8807 -
U-CI3 | 0.8749  0.9484 0.8329 0.9544 0.8643 0.9024 "
Average U-Cl | 0.8329  0.8960 0.7971 0.9022 0.8245 0.8568 4.15
U-N1 | 0.3247 0.3427 0.3152 0.3467 0.3230 0.3329 122
U-OH, | 0.3157 0.3271 0.3136 0.3330 0.3164 0.3231 0.76
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Table S5: Method validation across B3LYP, BLYP, CAM-B3LYP, BP86, PBE1PB3 and TPSSH
functionals for the [UO,Cl4]* computational model, using Wiberg bond indices as a reference
metric. Although slight deviations in index values occur across functionals, we observe the same
trends in bonding, supporting the validity of the model and the lack of potential functional bias,
further supported by low standard deviations.

B3LYP BLYP CAM-B3LYP BP86 PBEIPBE TPSSH Std. Dev. (%)

U=01| 2.0540 2.0771 2.0495 2.0911 2.0621 2.0719 -
U=02 | 2.0540 2.0771 2.0495 2.0910 2.0621 2.0719 -

U=0 Average | 2.0540 20771 2.0495 2.0911 2.0621 2.0719 1.55
U-CIl | 0.8235 0.8755 0.7925 0.8815 0.816 0.8418 -
U-C12 | 0.8424 0.8945 0.8101 0.9007 0.8349 0.8609 -
U-CI3 | 0.8237 0.8757 0.7923 0.8817 0.8162 0.8420 -
U-Cl4 | 0.8415 0.8936 0.8110 0.8998 0.8340 0.8600 -

U-CI Average | 0.8328 0.8848 0.8015 0.8909 0.8253 0.8512 3.50
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