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Figure S1. Simulated absorption spectrum of complex 2 at various levels of theory 

and experiment.
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Figure S2. Mulliken spin populations of redox species.
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Figure S3. Convergent behavior of βtot value of all complexes dependent on the 100 

states.
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Figure S4. The molecular orbitals involved in the main excited states that contribute 

to the βtot values for both reduced and oxide species.
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Table S1. The calculated square of total spin and relative eigenvalue for all of 

oxidized and reduced complexes.

Complex charge Spin multiplicity <S2> eigenvalue

1 1 2 0.765 0.75

-1 2 0.768 0.75

2 1 2 0.774 0.75

-1 2 0.765 0.75

3 1 2 0.760 0.75

-1 2 0.761 0.75
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Table S2. Tensorial components of α (10-24esu), the electronic spatial extent <R2> 

(103a.u.) and total first hyperpolarizability (10−29esu) of complex 1-3 calculated by the 

6-31+G(d) basis set using various functionals.

Complex functional βtot αxx αyy αzz α <R2>

ωB97XD 14.5 68.8 171.5 140.6 127.1 47.3

LC-BLYP 7.4 66.8 157.2 132.2 118.7

1

BHandHLYP 22.5 67.6 174.1 136.8 126.2

ωB97XD 32.9 85.8 168.6 123.5 126.0 42.0

LC-BLYP 24.5 83.1 155.7 115.6 118.1

2

BHandHLYP 40.8 84.7 170.1 120.5 125.1

ωB97XD 5.5 87.1 149.7 122.5 119.8 41.2

LC-BLYP 3.4 84.2 139.2 115.7 113.1

3

BHandHLYP 6.9 85.8 148.3 119.3 117.8



8

Table S3. The first hyperpolarizability (10−29esu) of all neutral complexes computed 

by ωB97XD functional with various basis sets.

basis set 1 2 3

6-31G(d) 13.9 32.1 4.7
6-31+G(d) 14.5 32.9 5.5
6-311+G(d) 14.2 32.5 5.3
6-311G(d) 13.7 31.4 4.8


