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Detailed formulas for calculating molecular response properties:

For the static case, Taylor expansion of total energy  of a system with respect to the external electric field F is conducted as [S1,S2]:

                (S1)




where , , , and  are the tensor components of the dipole moment, polarizability, first-order hyperpolarizability, and second-order hyperpolarizability, respectively.
For the analytic derivative of system energy (the coupled perturbed Kohn-Sham method, CPKS) [S3], T-convention of Willetts et al [S4] was adopted for molecular (hyper)polarizabilities. Formulas of some terms related to molecular response properties are given below:




The isotropic average polarizability [], Hyper-Rayleigh scattering (HRS)-derived first-order hyperpolarizabilities projection of first-order hyperpolarizability on dipole moment [], and scalar component of second-order hyperpolarizability [] are described as:

                                        (S2)

                                        (S3)

                               (S4)

                    (S5)

Meanwhile, the electron density of a system  can be defined with respect to the external field F:

(S6)
The components of (hyper)polarizability are expressed by:

                                      (S7)

                                  (S8)

                                 (S9)

where the (hyper)polarizability density  are written as:

                                 (S10)

                             (S11)

                           (S12)
The (hyper)polarizability density is obtained by finite difference method using the electron density generated under different applied electric fields. The stepsize of finite difference was set to be 0.003 au, which can get numerically stable results according to our tests [S5,S6].
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Table S1 Optimized Cartesian coordinates (in Å) for ground-state MIC at the PBE0/def-TZVP level in C2H6OS solution
	2-(4-trifluoromethophenyl)-3-methyl-4-(4-methoxyphenyl)-1,3-thiazole-5-thiolate charge = 0, spin multiplicity = 1)

	atom
	
	x
	
	y
	
	z

	C
	
	0.80386380 
	
	0.00000000 
	
	-0.55012303 

	C
	
	-1.40632572 
	
	-0.39957766 
	
	-1.04522708 

	C
	
	-0.89756745 
	
	-0.56094532 
	
	-2.32319494 

	S
	
	0.84275677 
	
	-0.29386106 
	
	-2.24056384 

	N
	
	-0.43843322 
	
	-0.10634703 
	
	-0.09446535 

	C
	
	-0.77022483 
	
	-0.03262958 
	
	1.32785471 

	H
	
	0.11268917 
	
	-0.27943512 
	
	1.91156919 

	H
	
	-1.11946228 
	
	0.96664090 
	
	1.58469556 

	H
	
	-1.55512829 
	
	-0.75715736 
	
	1.53203284 

	C
	
	1.99998815 
	
	0.33041083 
	
	0.21557828 

	C
	
	3.18001238 
	
	-0.38528700 
	
	-0.01175930 

	C
	
	2.00894824 
	
	1.39281096 
	
	1.12422404 

	C
	
	4.33831461 
	
	-0.05848209 
	
	0.66866806 

	H
	
	3.18854984 
	
	-1.21695827 
	
	-0.70725465 

	C
	
	3.16760229 
	
	1.71675468 
	
	1.80730788 

	H
	
	1.11647788 
	
	1.98548525 
	
	1.28354026 

	C
	
	4.32863453 
	
	0.98750156 
	
	1.58412180 

	H
	
	5.24322207 
	
	-0.62802874 
	
	0.49136763 

	H
	
	3.16201925 
	
	2.54389070 
	
	2.50706379 

	C
	
	-2.82259733 
	
	-0.50853440 
	
	-0.67289964 

	C
	
	-3.52223134 
	
	0.58515869 
	
	-0.15111669 

	C
	
	-3.51273432 
	
	-1.70221256 
	
	-0.86395704 

	C
	
	-4.85857391 
	
	0.48102945 
	
	0.17926040 

	H
	
	-3.01354181 
	
	1.53277553 
	
	-0.00767200 

	C
	
	-4.85693409 
	
	-1.82132822 
	
	-0.53849378 

	H
	
	-2.99134453 
	
	-2.56025809 
	
	-1.27292444 

	C
	
	-5.53837953 
	
	-0.72463976 
	
	-0.01212699 

	H
	
	-5.39807692 
	
	1.33168385 
	
	0.58086116 

	H
	
	-5.35910831 
	
	-2.76730817 
	
	-0.69599270 

	S
	
	-1.65983031 
	
	-0.91076969 
	
	-3.80629298 

	O
	
	-6.84130154 
	
	-0.73446823 
	
	0.33585868 

	C
	
	-7.57269646 
	
	-1.93514177 
	
	0.14336724 

	H
	
	-7.16249153 
	
	-2.75452041 
	
	0.74179284 

	H
	
	-8.58823938 
	
	-1.72396836 
	
	0.47527487 

	H
	
	-7.59245260 
	
	-2.22694086 
	
	-0.91120017 

	C
	
	5.59772587 
	
	1.35823637 
	
	2.29201514 

	F
	
	6.33866688 
	
	0.28180374 
	
	2.60226940 

	F
	
	6.38250788 
	
	2.15399113 
	
	1.53658053 

	F
	
	5.37088664 
	
	2.02082911 
	
	3.43559125 



S2

Table S2 Selected data related to electron transitions for the MIC at the TD-PBE0/def2-TZVP level in various environments
	environment
	nstate
	λ (in nm)
	f
	major transition
	μT (in au)

	in vacuum
	S2
	548
	0.2531
	H → L (92.7%), H-1 → L (5.7%)
	2.14

	in CH2Cl2
	S1
	481
	0.3450
	H → L (98.6%)
	2.34

	in (CH2)2CO
	S1
	470
	0.3417
	H → L (98.7%)
	2.30

	in C2H3N
	S1
	466
	0.3414
	H → L (98.8%)
	2.29

	in C2H6OS
	S1
	466
	0.3519
	H → L (98.9%)
	2.32



[image: ]
Figure S1 HOMOs and LUMOs (isovalue = 0.03 au) for MIC in various environments, blue and red regions denote positive and negative orbital phases, respectively. The numbers inside and outside the parentheses denote the contributions of HOMO-LUMO transitions to the maximum absorptions and the HOMO-LUMO energy gaps (in eV), respectively. 

Table S3 Selected parameters related to the HRS study of the MIC at the CAM-B3LYP/aug-cc-pVTZ(-f,-d) level in various environments
	in vacuum

	incident wavelength
(λ, in nm)
	

(in 10-30 esu)
	DRa
	|<βJ=1>|b
	|<βJ=3>|c
	ρd
	ΦJ=1e
	ΦJ=3f

	99999
	27.9
	4.456
	5.03E-29
	4.76E-29
	0.947
	0.514
	0.486

	1907
	40.5
	4.607
	7.38E-29
	6.70E-29
	0.908
	0.524
	0.476

	1460
	56.6
	4.733
	1.04E-28
	9.14E-29
	0.877
	0.533
	0.467

	1340
	68.1
	4.798
	1.26E-28
	1.09E-28
	0.862
	0.537
	0.463

	1180
	104.6
	4.930
	1.95E-28
	1.62E-28
	0.832
	0.546
	0.454

	1064
	209.7
	5.089
	3.94E-28
	3.14E-28
	0.797
	0.556
	0.444

	

	in CH2Cl2

	incident wavelength
(λ, in nm)
	

(in 10-30 esu)
	DRa
	|<βJ=1>|b
	|<βJ=3>|c
	ρd
	ΦJ=1e
	ΦJ=3f

	99999
	24.0
	4.330
	4.29E-29
	4.20E-29
	0.981
	0.505
	0.495

	1907
	32.3
	4.469
	5.84E-29
	5.51E-29
	0.944
	0.515
	0.485

	1460
	41.5
	4.581
	7.55E-29
	6.90E-29
	0.915
	0.522
	0.478

	1340
	47.0
	4.635
	8.60E-29
	7.75E-29
	0.901
	0.526
	0.474

	1180
	61.2
	4.743
	1.13E-28
	9.86E-29
	0.875
	0.533
	0.467

	1064
	85.1
	4.864
	1.58E-28
	1.34E-28
	0.847
	0.541
	0.459

	

	in (CH2)2CO

	incident wavelength
(λ, in nm)
	

(in 10-30 esu)
	DRa
	|<βJ=1>|b
	|<βJ=3>|c
	ρd
	ΦJ=1e
	ΦJ=3f

	99999
	21.0
	4.281
	3.74E-29
	3.72E-29
	0.995
	0.501
	0.499

	1907
	28.0
	4.418
	5.03E-29
	4.81E-29
	0.957
	0.511
	0.489

	1460
	35.4
	4.529
	6.42E-29
	5.96E-29
	0.928
	0.519
	0.481

	1340
	39.9
	4.583
	7.26E-29
	6.64E-29
	0.914
	0.522
	0.478

	1180
	51.0
	4.690
	9.35E-29
	8.30E-29
	0.888
	0.530
	0.470

	1064
	68.9
	4.810
	1.27E-28
	1.09E-28
	0.859
	0.538
	0.462

	

	in C2H3N

	incident wavelength
(λ, in nm)
	

(in 10-30 esu)
	DRa
	|<βJ=1>|b
	|<βJ=3>|c
	ρd
	ΦJ=1e
	ΦJ=3f

	99999
	20.2
	4.264
	3.58E-29
	3.58E-29
	1.000
	0.500
	0.500

	1907
	26.7
	4.400
	4.79E-29
	4.61E-29
	0.962
	0.510
	0.490

	1460
	33.6
	4.510
	6.09E-29
	5.68E-29
	0.933
	0.517
	0.483

	1340
	37.8
	4.564
	6.87E-29
	6.32E-29
	0.919
	0.521
	0.479

	1180
	48.1
	4.670
	8.80E-29
	7.86E-29
	0.893
	0.528
	0.472

	1064
	64.4
	4.790
	1.19E-28
	1.03E-28
	0.864
	0.536
	0.464

	

	in C2H6OS

	incident wavelength
(λ, in nm)
	

(in 10-30 esu)
	DRa
	|<βJ=1>|b
	|<βJ=3>|c
	ρd
	ΦJ=1e
	ΦJ=3f

	99999
	21.0
	4.264
	3.72E-29
	3.72E-29
	1.000
	0.500
	0.500

	1907
	27.8
	4.401
	4.99E-29
	4.80E-29
	0.962
	0.510
	0.490

	1460
	35.1
	4.512
	6.35E-29
	5.92E-29
	0.932
	0.518
	0.482

	1340
	39.5
	4.566
	7.17E-29
	6.59E-29
	0.918
	0.521
	0.479

	1180
	50.2
	4.673
	9.20E-29
	8.21E-29
	0.892
	0.529
	0.471

	1064
	67.4
	4.793
	1.24E-28
	1.07E-28
	0.863
	0.537
	0.463


aDepolarization ratio. bDipolar tensorial component. cOctupolar tensorial component. dNonlinear anisotropy parameter. eRatio of the dipolar contribution to the hyperpolarizability tensor. fRatio of the octupolar contribution to the hyperpolarizability tensor.





[image: ]

Figure S2 Harmonic light intensity () for the MIC as a function of the polarization angle (Ψ) by polar representation in different environments at various fundamental wavelength of external field.



Table S4 Selected parameters related to the EFISHG technique of the studied MIC at the CAM-B3LYP/aug-cc-pVTZ(-f,-d) level in various environments
	in vacuum

	incident wavelength
(λ, in nm)
	polarizability
(in 10-23 esu)
	first-order hyperpolarizability
(in 10-30 esu)
	second-order hyperpolarizability
(in 10-36 esu)

	
	

	

	

	

	

	

	

	

	

	

	

	


	99999
	6.54
	3.14
	4.11
	4.60
	-43.3
	1.2
	-2.5
	-20.8
	396
	23
	59
	159

	1907
	6.65
	3.16
	4.15
	4.65
	-61.4
	1.1
	-5.3
	-32.9
	593
	25
	83
	238

	1460
	6.73
	3.17
	4.19
	4.69
	-84.3
	1.0
	-9.3
	-48.9
	881
	28
	121
	358

	1340
	6.76
	3.17
	4.21
	4.71
	-100.3
	0.8
	-12.3
	-60.4
	1111
	29
	153
	455

	1180
	6.84
	3.18
	4.24
	4.75
	-151.0
	0.4
	-22.1
	-97.4
	1994
	34
	280
	836

	1064
	6.92
	3.19
	4.27
	4.79
	-295.7
	-1.2
	-51.7
	-205.6
	5923
	50
	885
	2573

	

	in CH2Cl2

	incident wavelength
(λ, in nm)
	polarizability
(in 10-23 esu)
	first-order hyperpolarizability
(in 10-30 esu)
	second-order hyperpolarizability
(in 10-36 esu)

	
	

	

	

	

	

	

	

	

	

	

	

	


	99999
	6.99
	3.64
	4.71
	5.11
	-37.5
	2.0
	-0.2
	-20.9
	504
	37
	91
	216

	1907
	7.08
	3.66
	4.75
	5.16
	-49.3
	2.1
	-2.0
	-31.3
	681
	41
	116
	290

	1460
	7.14
	3.67
	4.79
	5.20
	-61.9
	2.2
	-4.3
	-43.1
	888
	44
	146
	378

	1340
	7.17
	3.68
	4.81
	5.22
	-69.6
	2.2
	-5.8
	-50.3
	1023
	46
	166
	436

	1180
	7.23
	3.69
	4.84
	5.25
	-88.8
	2.2
	-9.6
	-69.1
	1390
	50
	221
	595

	7
	7.29
	3.70
	4.87
	5.29
	-120.9
	2.2
	-16.6
	-101.1
	2101
	55
	331
	908

	

	in (CH2)2CO

	incident wavelength
(λ, in nm)
	polarizability
(in 10-23 esu)
	first-order hyperpolarizability
(in 10-30 esu)
	second-order hyperpolarizability
(in 10-36 esu)

	
	

	

	

	

	

	

	

	

	

	

	

	


	99999
	6.86
	3.57
	4.62
	5.02
	-33.1
	1.9
	0.7
	-17.4
	465
	37
	89
	202

	1907
	6.94
	3.59
	4.66
	5.06
	-43.0
	2.1
	-0.8
	-26.1
	617
	41
	111
	266

	1460
	7.00
	3.60
	4.69
	5.10
	-53.4
	2.2
	-2.6
	-35.8
	789
	44
	137
	340

	1340
	7.03
	3.61
	4.71
	5.12
	-59.5
	2.2
	-3.7
	-41.7
	898
	46
	153
	386

	1180
	7.08
	3.62
	4.74
	5.15
	-74.7
	2.3
	-6.6
	-56.4
	1185
	50
	196
	511

	1064
	7.14
	3.63
	4.77
	5.18
	-98.8
	2.3
	-11.7
	-80.7
	1706
	54
	278
	740

	

	in C2H3N

	incident wavelength
(λ, in nm)
	polarizability
(in 10-23 esu)
	first-order hyperpolarizability
(in 10-30 esu)
	second-order hyperpolarizability
(in 10-36 esu)

	
	

	

	

	

	

	

	

	

	

	

	

	


	99999
	6.83
	3.56
	4.60
	4.99
	-31.8
	1.9
	0.9
	-16.4
	454
	38
	89
	198

	1907
	6.91
	3.57
	4.64
	5.04
	-41.2
	2.1
	-0.4
	-24.6
	599
	42
	110
	260

	1460
	6.97
	3.59
	4.67
	5.07
	-50.9
	2.2
	-2.0
	-33.7
	762
	45
	135
	329

	1340
	6.99
	3.59
	4.69
	5.09
	-56.6
	2.2
	-3.1
	-39.2
	863
	46
	150
	373

	1180
	7.05
	3.60
	4.72
	5.12
	-70.7
	2.3
	-5.8
	-52.9
	1129
	50
	190
	488

	1064
	7.10
	3.61
	4.75
	5.15
	-92.7
	2.3
	-10.3
	-75.1
	1601
	55
	264
	696

	

	in C2H6OS

	incident wavelength
(λ, in nm)
	polarizability
(in 10-23 esu)
	first-order hyperpolarizability
(in 10-30 esu)
	second-order hyperpolarizability
(in 10-36 esu)

	
	

	

	

	

	

	

	

	

	

	

	

	


	99999
	6.92
	3.63
	4.69
	5.08
	-33.0
	2.0
	0.8
	-17.2
	473
	39
	93
	207

	1907
	7.00
	3.65
	4.73
	5.13
	-42.7
	2.2
	-0.6
	-25.9
	625
	43
	116
	272

	1460
	7.06
	3.66
	4.76
	5.16
	-52.8
	2.3
	-2.3
	-35.4
	795
	47
	142
	345

	1340
	7.09
	3.67
	4.78
	5.18
	-58.8
	2.3
	-3.5
	-41.2
	902
	48
	158
	391

	1180
	7.14
	3.68
	4.81
	5.21
	-73.4
	2.4
	-6.3
	-55.6
	1181
	52
	201
	513

	1064
	7.20
	3.69
	4.84
	5.24
	-96.5
	2.4
	-11.2
	-79.1
	1678
	57
	280
	733
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Figure S3 Plots of (hyper)polarizability density functions of the MIC under the zero-frequency limit in vacuum: (a)  for the polarizability (isovalue = 0.2 au), (b)  for the first-order hyperpolarizability (isovalue = 2.0 au), and (c)  for the second-order hyperpolarizability (isovalue = 20.0 au). Blue and red regions denote positive and negative contributions, respectively.
 



Table S5 Components of the (hyper)polarizability [, , and , i = x, y, and z] of the constituent units of the MIC under the zero-frequency limit in vacuuma 
	
 (in 10-23 esu)

	i = x
	
	i = y
	
	i = z

	overall
	RD
	BD
	BM
	BA
	RA
	
	overall
	RD
	BD
	BM
	BA
	RA
	
	overall
	RD
	BD
	BM
	BA
	RA

	6.56
	1.82 
	0.95 
	1.25 
	1.27 
	1.27 
	
	3.14 
	0.30 
	0.93 
	0.85 
	0.76 
	0.31
	
	4.10 
	0.23 
	0.45 
	2.30 
	0.65 
	0.47 

	

	
 (in 10-30 esu)

	i = x
	
	i = y
	
	i = z

	overall
	RD
	BD
	BM
	BA
	RA
	
	overall
	RD
	BD
	BM
	BA
	RA
	
	overall
	RD
	BD
	BM
	BA
	RA

	-43.9 
	-7.0 
	-3.9 
	-9.1 
	-14.4 
	-9.6 
	
	1.1 
	0.5 
	0.2 
	1.1 
	-0.3 
	-0.3 
	
	-2.7
	-0.0
	-0.2
	0.5
	-1.6 
	-1.5

	

	
 (in 10-36 esu)

	i = x
	
	i = y
	
	i = z

	overall
	RD
	BD
	BM
	BA
	RA
	
	overall
	RD
	BD
	BM
	BA
	RA
	
	overall
	RD
	BD
	BM
	BA
	RA

	417
	77 
	90 
	16 
	152 
	83 
	
	22
	2 
	5 
	10 
	4 
	1 
	
	60
	1 
	2 
	41 
	9 
	7 


aThe stepsize of finite difference, Fi (i = x, y, and z), was set to be 0.003 au.
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