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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 
Formula (C4H5N2)2[UO2Cl3(H2O)(C4H4N2)0.5]2

.2H2O

Formula 
Weight 
(g/mol)

1067.1

Crystal 
System Triclinic

Space Group P-1
a (Ǻ) 7.3929(3)
b (Ǻ) 8.7830(5)
c (Ǻ) 12.2365(6)
α (°) 70.837(2)
β (°) 73.478(2)
γ (°) 69.922(3)

V (Ǻ3) 691.57(9)
Z 1

T (K) 100(2)
λ (Mo Kα) 0.71073
μ (mm-1) 12.319

Rint 0.0262
R1 0.0106

wR2 0.0256
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Table S2: Bond distances and angles for compound 1, (HPyz+)2[UO2Cl3(H2O)(Pyz)0.5]2
.2H2O.

Atom(1)-Atom(2) Bond distance (Å) Atom(1)-Atom(2)-Atom(3)Bond angle (°) Atom(1)-Atom(2)-Atom(3) Bond Angle (°)
U(1)-O(2) 1.7640(15) O(2)-U(1)-O(1) 175.82(7) C(5)-C(6)-H(6) 118.9
U(1)-O(1) 1.7654(14) O(2)-U(1)-O(5) 90.05(7) N(4)-C(7)-C(8) 122.1(2)
U(1)-O(5) 2.4385(15) O(1)-U(1)-O(5) 91.84(6) N(4)-C(7)-H(7) 118.9
U(1)-N(1) 2.5979(19) O(2)-U(1)-N(1) 85.91(7) C(8)-C(7)-H(7) 118.9
U(1)-Cl(2) 2.6895(6) O(1)-U(1)-N(1) 90.24(6) N(3)-C(8)-C(7) 118.3(2)
U(1)-Cl(3) 2.7121(5) O(5)-U(1)-N(1) 139.95(6) N(3)-C(8)-H(8) 120.9
U(1)-Cl(1) 2.7543(5) O(2)-U(1)-Cl(2) 91.55(6) C(7)-C(8)-H(8) 120.9
O(5)-H(5A) 0.8699 O(1)-U(1)-Cl(2) 92.59(5) H(7B)-O(7)-H(7A) 110(3)
O(5)-H(5B) 0.8699 O(5)-U(1)-Cl(2) 71.79(4)
N(1)-C(2) 1.340(3) N(1)-U(1)-Cl(2) 148.04(4)
N(1)-C(1) 1.342(3) O(2)-U(1)-Cl(3) 90.72(5)

C(1)-C(2)#1 1.377(3) O(1)-U(1)-Cl(3) 89.50(5)
C(1)-H(1) 0.95 O(5)-U(1)-Cl(3) 150.01(4)
C(2)-H(2) 0.95 N(1)-U(1)-Cl(3) 69.97(4)
N(3)-C(8) 1.328(3) Cl(2)-U(1)-Cl(3) 78.219(16)
N(3)-C(5) 1.336(3) O(2)-U(1)-Cl(1) 90.83(5)
N(3)-H(3) 0.8801 O(1)-U(1)-Cl(1) 86.31(5)
N(4)-C(7) 1.329(3) O(5)-U(1)-Cl(1) 70.30(4)
N(4)-C(6) 1.337(3) N(1)-U(1)-Cl(1) 69.94(4)
C(5)-C(6) 1.373(3) Cl(2)-U(1)-Cl(1) 142.010(17)
C(5)-H(5) 0.95 Cl(3)-U(1)-Cl(1) 139.657(17)
C(6)-H(6) 0.95 U(1)-O(5)-H(5A) 127.1
C(7)-C(8) 1.378(3) U(1)-O(5)-H(5B) 127.9
C(7)-H(7) 0.95 H(5A)-O(5)-H(5B) 104.5
C(8)-H(8) 0.95 C(2)-N(1)-C(1) 116.4(2)

O(7)-H(7B) 0.804(17) C(2)-N(1)-U(1) 120.79(14)
O(7)-H(7A) 0.791(17) C(1)-N(1)-U(1) 122.68(15)

N(1)-C(1)-C(2)#1 121.7(2)
N(1)-C(1)-H(1) 119.1

C(2)#1-C(1)-H(1) 119.1
N(1)-C(2)-C(1)#1 121.9(2)
N(1)-C(2)-H(2) 119.1

C(1)#1-C(2)-H(2) 119.1
C(8)-N(3)-C(5) 121.7(2)
C(8)-N(3)-H(3) 119.1
C(5)-N(3)-H(3) 119.2
C(7)-N(4)-C(6) 117.7(2)
N(3)-C(5)-C(6) 118.1(2)
N(3)-C(5)-H(5) 120.9
C(6)-C(5)-H(5) 120.9
N(4)-C(6)-C(5) 122.1(2)
N(4)-C(6)-H(6) 118.9
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Figure S1: ORTEP drawing of compound 1, (HPyz+)2[UO2Cl3(H2O)(Pyz)0.5]2
.2H2O.
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Figure S2: Room temperature UV-Visible-DRS spectrum of compound 1, 
(HPyz+)2[UO2Cl3(H2O)(Pyz)0.5]2

.2H2O.
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Figure S3: Room temperature Raman spectrum of compound 1, 
(HPyz+)2[UO2Cl3(H2O)(Pyz)0.5]2

.2H2O, using a 532 nm excitation line. 
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Figure S4: Model of the isolated [UO2Cl3(H2O)(Pyz)0.5]2
2-

 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 [UO2Cl3(H2O)(Pyz)0.5]2
2- 

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 [UO2Cl4]2- 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 [UO2Cl4]2- dianion and (Right) pure 5f orbitals, which serve as the LUMO of 
[UO2Cl4]2-. 
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Table S3: Calculated Raman and IR frequencies and atomic displacements for the symmetric 
and asymmetric stretches of the [UO2Cl3(H2O)(Pyz)0.5]2

2-  dianion. 
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Figure S7: Calculated Raman spectra rendered from B3LYP outputs. An inset is provided to highlight the U=O ν1 
region from 790 to 900 cm-1.  
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Table S4: Calculated Raman and IR frequencies and atomic displacements for [UO2Cl4]2- in the 
uranyl symmetric stretch region (ν = 750-900 cm-1). 
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Table S5: Method validation across B3LYP, BLYP, CAM-B3LYP, BP86, PBE1PBE and TPSSH 
functionals for the  [UO2Cl3(H2O)(Pyz)0.5]2

2- 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. 



S16

Table S5: Method validation across B3LYP, BLYP, CAM-B3LYP, BP86, PBE1PB3 and TPSSH 
functionals for the [UO2Cl4]2- 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. 
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