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𝐾𝑖𝑎,𝑗𝑏 = ∑  𝐴𝐵 𝑞𝑖𝑎,𝐴𝛾𝐴𝐵𝑞𝑗𝑏,𝐵𝛾𝑅𝐴𝐵

–



𝛾𝑅𝐴𝐵

𝛾

𝐾𝑖𝑎,𝑗𝑏S = ∑  𝐴𝐵 𝑞𝑖𝑎,𝐴𝛾𝐴𝐵𝑞𝑗𝑏,𝐵𝛾



( 𝐀 𝐁𝐁∗ 𝐀) (𝐗𝐘) = 𝜔 (1 00 −1) (𝐗𝐘) 𝜔
𝛀𝐅 = 𝜔2𝐅 𝐅 = (𝐀 −𝐁)−12(𝐗 + 𝐘) 𝛀 = (𝐀 − 𝐁)12(𝐀 + 𝐁)(𝐀 − 𝐁)12 𝐀 + 𝐁 𝐀 −𝐁 𝐴𝑖𝑎,𝑗𝑏 + 𝐵𝑖𝑎,𝑗𝑏 = 𝛿𝑎𝑏𝛿𝑖𝑗(𝜖𝑎 − 𝜖𝑖) +  2( 𝑖𝑎 ∣∣ 𝑗𝑏 ) + 2(𝑖𝑎|𝑓𝑥𝑐|𝑗𝑏) − 𝑎𝑥((𝑖𝑗 ∣ 𝑎𝑏) + (𝑖𝑏 ∣ 𝑗𝑎)𝐴𝑖𝑎,𝑗𝑏 − 𝐵𝑖𝑎,𝑗𝑏 = 𝛿𝑎𝑏𝛿𝑖𝑗(𝜖𝑎 − 𝜖𝑖) − 𝑎𝑥((𝑖𝑗 ∣ 𝑎𝑏) − (𝑖𝑏 ∣ 𝑗𝑎))

(𝜖𝑎 − 𝜖𝑖) 𝑎𝑥( 𝑖𝑎 ∣∣ 𝑗𝑏 ) (𝑖𝑎|𝑓𝑥𝑐|𝑗𝑏)𝑎𝑥 𝐀 + 𝐁 𝐀 − 𝐁
𝐴𝑖𝑎,𝑗𝑏 + 𝐵𝑖𝑎,𝑗𝑏 = 𝛿𝑎𝑏𝛿𝑖𝑗(𝜖𝑎 − 𝜖𝑖) + 2(𝑖𝑎 ∣ 𝑗𝑏) + 2(𝑖𝑎|𝑓𝑥𝑐|𝑗𝑏)𝐴𝑖𝑎,𝑗𝑏 − 𝐵𝑖𝑎,𝑗𝑏 = 𝛿𝑎𝑏𝛿𝑖𝑗(𝜖𝑎 − 𝜖𝑖)
( 𝑖𝑎 ∣∣ 𝑗𝑏 ) (𝑖𝑎|𝑓𝑥𝑐|𝑗𝑏), 𝐾𝑖𝑎,𝑗𝑏 = ∑  𝐴𝐵 𝑞𝑖𝑎,𝐴𝛾𝐴𝐵𝑞𝑗𝑏,𝐵

𝑞𝑖𝑎,𝐴 = ∑  𝜇∈𝐴 𝐶𝜇𝑖′ 𝐶𝜇𝑎′ 𝐶′ = 𝑆1/2𝐶



 𝐶 μ ν κ 𝑆1/2
𝛾𝑅𝐴𝐵

( 𝑖𝑎 ∣∣ 𝑗𝑏 ) ≈ ∑  𝜇𝜈 ∑  𝜅𝜆 𝐶𝜇𝑖 𝐶𝜈𝑎𝐶𝜅𝑗𝐶𝜆𝑏 ∑  𝑃𝑄 Δ𝜇𝜈𝐴 ( 𝐴 ∣ 𝐵 )Δ𝜅𝜆 𝐵 = ∑  𝐴𝐵 Γ𝑖𝑎𝐴 (𝐴 ∣ 𝐵)Γ𝑗𝑏𝐵
Γ𝑖𝑎𝐴 = ∑  𝜇𝑣 𝐶𝜇𝑖 𝐶𝑣𝑎 ∑  𝐵 (𝐴 ∣ 𝐵)−1(𝐵 ∣ 𝜇𝑣)( 𝐴 ∣ 𝐵 ) ≈ 𝛾(𝑅𝐴𝐵) = erf(𝑅𝐴𝐵√𝛼/2)𝑅𝐴𝐵 𝛾𝛾(𝑅𝐴𝐵) = erf(𝑅𝐴𝐵√𝛼/2)𝑅𝐴𝐵 



𝐾𝑖𝑎,𝑗𝑏 = ∑  𝐴𝐵 𝑞𝑖𝑎,𝐴𝛾𝐴𝐵𝑞𝑗𝑏,𝐵

𝛾 𝛾(𝑅𝐴𝐵) = 𝛾𝐴𝐵(𝜂𝐴, 𝜂𝐵, 𝑅𝐴𝐵) 𝛾(𝑅𝐴𝐵) = erf(𝑅𝐴𝐵√𝛼/2)𝑅𝐴𝐵



𝑑E𝑑𝑅𝐴 =  2 ∑  𝜇∈𝐴,𝜈∉𝐴 𝑑ℎ𝜇𝜈𝑑𝑅𝐴 𝑃𝜇𝜈 + 2 ∑  𝜇,𝜆∈𝐴,𝜈,𝜅∉𝐴 𝑑(𝜇𝜈∣𝜆𝜅)𝑑𝑅𝐴 𝑃𝜇𝜈+2 ∑  𝜇∈𝐴,𝜈∉𝐴 𝑑𝑉𝜇𝜈𝑋𝐶𝑑𝑅𝐴 𝑃𝜇𝜈 + 2 ∑  𝜇∈𝐴,𝜈∉𝐴 𝑆𝜇𝜈1/2 𝑑𝑆𝜇𝜈1/2𝑑𝑅𝐴 (Ξ𝐴 + Ξ𝐵)𝑈𝜇𝜈+4 ∑  𝜇∈𝐴,𝜈∉𝐴 𝑑𝛾𝐴𝐵𝑑𝑅𝐴 𝑈𝐴𝑈𝐵 − ∑  𝜇∈𝐴,𝜈∉𝐴 𝑑𝑆𝜇𝜈𝑑𝑅𝐴 𝑊𝜇𝜈 .
𝑈𝐴 = ∑  𝑖𝑎 (𝑋 + 𝑌)𝑖𝑎𝑞𝑖𝑎,𝐴 Ξ𝐴 = ∑  𝐵 𝛾𝐴𝐵𝑈𝐵𝛾𝛾 𝛾 𝑑𝛾𝐴𝐵𝑑𝑅𝐴

𝑑𝛾𝐴𝐵𝑑𝑅𝐴 = 𝑑𝛾𝐴𝐵𝑑𝑅𝐴𝐵 ∗ 𝑑𝑅𝐴𝐵𝑑𝑅𝐴 = √2𝛼𝜋 ∗𝑒−𝑅𝐴𝐵2 𝛼2 ∗𝑅𝐴𝐵−(erf(𝑅𝐴𝐵√𝛼2))(𝑅𝐴𝐵)2 ∗ 𝑅𝐴−𝑅𝐵𝑅𝐴𝐵𝑑𝑅𝐴 𝑅𝐴𝐵

 𝛾



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2.47×10-5 4.22×10-5

Acetone

Butadiene

Hexatriene

Thymine
Triazine

TDDFT methods due to the atomic transition charges’ inability to model local transitions;



Emission energy for five diatomic molecules (unit: eV) calculated at different level of theories; TDDFT did 

not calculate an emission energy for H2 because of its dissociative potential energy surface.
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8.07 eV 

5.80 eV 
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Table 4. Emission energy differences between TDDFT and TDDFT+TB for the gold nanoclusters.



Table 5.  Comparison between the computational time (minutes) for TDDFT-aas, TDDFT+TB and TDDFT energy 

calculations. Most of the systems were computed using 8 cores; Ag116 and Ag120 were computed using 16 cores.

uracil

Au25(SCH3)18-

Ag116

Ag120

nanocluster

Table 6. Comparison between the computational time (minutes) for TDDFT-aas, TDDFT+TB and TDDFT gradient 

calculations for three organic .

uracil TDDFT-aas TDDFT+TB TDDFT

Computational time 1.1 1.1 5.2

Steps required to converge 6 6 6

furan TDDFT-aas TDDFT+TB TDDFT

Computational time 0.52 0.53 2.65

Steps required to converge 5 5 4

ethene TDDFT-aas TDDFT+TB TDDFT

Computational time 0.33 0.26 0.68

Steps required to converge 5 5 5

TDDFT-aas TDDFT+TB TDDFT

Computational time 5.40 5.33 21.72

Steps required to converge 5 5 5

Table 7. Comparison between the computational time (minutes) for TDDFT-aas, TDDFT+TB and TDDFT gradient 

calculations for gold clusters. 

Au25(SCH2CH2CH3)18 -1 TDDFT-aas TDDFT+TB TDDFT

Computational time 2098.48 1988.10 2604.37



Steps required to converge 56 53 50

TDDFT-aas TDDFT+TB TDDFT

Computational time 4.85 7.09 21.57

Steps required to converge 11 17 22

TDDFT-aas TDDFT+TB TDDFT

Computational time 1740.10 1859.80 3075.74

Steps required to converge 38 41 40

Au25(SCH2CH2CH3)18
-1

𝑑𝑆𝜇𝜈1/2𝑑𝑅𝐴

𝛾𝐾𝑖𝑎,𝑗𝑏 = ∑  𝐴𝐵 𝑞𝑖𝑎,𝐴𝛾𝐴𝐵𝑞𝑗𝑏,𝐵𝛾



𝐀 − 𝐁 
𝐀 − 𝐁

 

 

𝛾𝛾
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Erik van Lenthe for help 

merging the codes into AMS
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–

—

P. D’Antoni, M. Medves, D. Toffoli, A. Fortunelli, M. Stener, and L. Visscher, 

–



Optimized Slater‐type Basis Sets for the Elements 1–

–


