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Calculation of static and dynamic computational methodology  

The optical and nonlinear optical (NLO) properties, such as dipole moment (µo), polarizability (α₀), static first-order hyperpolarizability (β₀), and static second-order hyperpolarizability (γ₀), can be evaluated by the below equations:
µo = (µx2 + µy2 + µz2) ½   -----------(1)                                            
αo = 1/3 (αxx + αyy + αzz) ------------(2)                                    
 β0 =    ----------- (3)                                                                                    
     where  βx=βxxx+βxyy+βxzz, βy=βyyy+βyzz+βyxx an βz=βzzz+βzxx+βzyy.
< γo > = 1/5 { γxxxx + γyyyy + 2( γxxyy + γxxzz + γyyzz)} ---------- (4)
 The absorption characteristics were evaluated through time-dependent density functional theory (TD-DFT) calculations, considering 15th excited states to obtain accurate electronic transition parameters. 
The scattering hyperpolarizability (βHRS) was subsequently computed using the following expression:
   --------- (5) 
where   are average of orientational (β) tensor
While the related depolarization ratio (DR) is also given by;
DR =   ---------- (6)
The two-level model (βTLM) analysis was also performed to gain deeper insight into the variation and underlying trend of the first-order hyperpolarizability in HPDI.
βTLM= Δµ x fo / ΔE3 ----------- (7)
Here, Δµ, fo and ΔE represent the change in dipole moment between the ground and the most significant excited state, the highest oscillator strength, and the corresponding transition energy, respectively. 
Equation (7) illustrates the inverse relationship between (βTLM)  and ΔE.
 The ESHG, which provides essential information regarding the polarization mechanism, is associated with the vector component of the first-order hyperpolarizability (βvec), calculated as follows:
βvec= Σµiβi / --------- (8) where i= x,y,z
The electro-optic Pockel's effect (EOPE) β(-ω;ω,0) and electric field induced second harmonic generation (ESHG) β(-2ω;ω,ω) are involved in frequency-dependent hyperpolarizability, and they are computed at wavelengths of 532 and 1064 nm, respectively. In contrast, dc-Kerr γdc-Kerr (-ω; ω,0,0) and electric field induced second harmonic generation γESHG (-2ω; ω, ω,0) were taken into consideration for second hyperpolarizability (γ).
The degenerate four-wave mixing (DFWM) process, denoted as γDFWM (-ω;ω,-ω,ω), was employed to determine the quadratic nonlinear refractive index (n2 ) values at frequency of 532 and 1064 nm [1]. The effective third-order hyperpolarizability for the DFWM process can be expressed as:
γDFWM (-ω;ω,-ω,ω) = (1/3) γ (-2ω; ω, ω,0)+ (1/3) γ (-ω; ω,0,0) +(1/3) γ (0; 0,0,0) ----- (9)
where γ (0; 0,0,0); dc-Kerr γ (-ω; ω,0,0) and γ (-2ω; ω, ω,0) represent the static, dc-Kerr, and electric-field-induced second harmonic generation (EFISH) hyperpolarizability coefficients, respectively. The quadratic nonlinear refractive index (n2 in cm2W-1) is related to the DFWM hyperpolarizability through the expression:
n2 = 8.28 x 10-23 γDFWM(a.u.)
This relationship enables the estimation of n2​ from the calculated hyperpolarizability values at specific excitation frequencies.
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Fig. S1 13 C and 1H NMR spectra of HPDI.







Table S1 Calculated theoretical vibrational frequencies of FT-IR and Raman spectral parameters of HPDI obtained by B3LYP / 6-311++G(d,p) basis set.


	Mode
	Theoretical Frequency (cm-1)
	Raman Intensity
	IR Intensity
	Vibrational Assignments

	
	Unscaled
	scaled
	
	
	

	1. 
	3707
	3563
	62
	55
	NH Stretching

	2. 
	3488
	3352
	246
	102
	OH Stretching

	3. 
	3165
	3042
	193
	18
	CH Stretching

	4. 
	3155
	3032
	188
	3
	CH Stretching

	5. 
	3154
	3031
	346
	30
	CH Stretching

	6. 
	3149
	3026
	350
	17
	CH Stretching

	7. 
	3141
	3019
	51
	21
	CH Stretching

	8. 
	3141
	3018
	47
	20
	CH Stretching

	9. 
	3133
	3011
	118
	5
	CH Stretching

	10. 
	3132
	3010
	110
	9
	CH Stretching

	11. 
	3125
	3003
	52
	2
	CH Stretching

	12. 
	3124
	3002
	90
	1
	CH Stretching

	13. 
	3121
	3000
	36
	9
	CH Stretching

	14. 
	3117
	2995
	18
	4
	CH Stretching

	15. 
	3112
	2990
	32
	1
	CH Stretching

	16. 
	3094
	2973
	37
	1
	CH Stretching

	17. 
	1631
	1568
	1302
	67
	CC Stretching

	18. 
	1631
	1567
	543
	26
	CC Stretching

	19. 
	1630
	1566
	516
	13
	CC Stretching

	20. 
	1606
	1544
	5
	10
	CC Stretching

	21. 
	1605
	1542
	63
	9
	CC Stretching

	22. 
	1603
	1540
	10
	3
	CC Stretching

	23. 
	1560
	1499
	592
	1
	CC Stretching

	24. 
	1540
	1480
	910
	62
	CC Stretching

	25. 
	1531
	1471
	91
	36
	HCC Bending

	26. 
	1500
	1442
	93
	78
	HCC Bending

	27. 
	1475
	1417
	263
	10
	HCC Bending

	28. 
	1470
	1413
	272
	33
	HCC Bending

	29. 
	1465
	1408
	584
	2
	HCC Bending

	30. 
	1453
	1396
	589
	93
	HCC Bending

	31. 
	1403
	1349
	573
	19
	NCC Bending

	32. 
	1373
	1319
	21
	69
	HCC Bending

	33. 
	1361
	1308
	6
	0
	HCC Bending

	34. 
	1352
	1300
	6
	1
	HCC Bending

	35. 
	1319
	1267
	15
	28
	CC Stretching

	36. 
	1309
	1258
	11
	3
	CC Stretching

	37. 
	1302
	1251
	20
	2
	CC Stretching

	38. 
	1276
	1226
	41
	41
	HNC Bending

	39. 
	1266
	1217
	11
	103
	OC Stretching

	40. 
	1242
	1193
	33
	132
	NC Stretching

	41. 
	1218
	1170
	95
	35
	HOC Bending

	42. 
	1212
	1164
	207
	53
	NCC Bending

	43. 
	1206
	1159
	24
	3
	HCC Bending

	44. 
	1202
	1155
	17
	0
	HCC Bending

	45. 
	1186
	1140
	105
	59
	HCC Bending

	46. 
	1185
	1139
	8
	1
	HCC Bending

	47. 
	1183
	1137
	9
	1
	HCC Bending

	48. 
	1164
	1119
	233
	6
	NC Stretching

	49. 
	1128
	1084
	7
	14
	HCC Bending

	50. 
	1100
	1057
	9
	3
	CC Stretching

	51. 
	1098
	1055
	3
	8
	CC Stretching

	52. 
	1063
	1021
	74
	2
	NC Stretching

	53. 
	1048
	1007
	9
	4
	NC Stretching

	54. 
	1036
	996
	13
	3
	NC Stretching

	55. 
	1035
	994
	66
	6
	NC Stretching

	56. 
	1019
	979
	3
	0
	HCCC Torsion

	57. 
	1015
	975
	2
	0
	HCCC Torsion

	58. 
	1014
	974
	21
	0
	CCC Bending

	59. 
	1010
	971
	23
	1
	CCC Bending

	60. 
	1007
	968
	21
	1
	HCCC Torsion

	61. 
	1006
	967
	222
	2
	CCC Bending

	62. 
	1003
	964
	1
	0
	HCCC Torsion

	63. 
	993
	955
	6
	2
	HCCC Torsion

	64. 
	972
	934
	62
	11
	HCCC Torsion

	65. 
	971
	933
	23
	7
	HCCC Torsion

	66. 
	954
	917
	3
	4
	HCCC Torsion

	67. 
	949
	912
	1
	5
	HCCC Torsion

	68. 
	937
	900
	210
	5
	NCC Bending

	69. 
	882
	847
	6
	1
	HCCC Torsion

	70. 
	878
	843
	13
	0
	HCCC Torsion

	71. 
	857
	824
	4
	32
	HCCC Torsion

	72. 
	828
	796
	17
	17
	HCCC Torsion

	73. 
	828
	795
	57
	13
	CC Stretching

	74. 
	801
	770
	5
	9
	CCCC Torsion

	75. 
	792
	761
	5
	68
	HCCC Torsion

	76. 
	760
	730
	11
	10
	CNCC Torsion

	77. 
	743
	714
	4
	26
	CCCC Torsion

	78. 
	729
	700
	2
	17
	CCCC Torsion

	79. 
	728
	700
	4
	8
	CCCC Torsion

	80. 
	724
	696
	5
	33
	CCCC Torsion

	81. 
	718
	690
	4
	11
	CCCC Torsion

	82. 
	687
	660
	6
	12
	CCC Bending

	83. 
	658
	632
	3
	121
	HOCC Torsion

	84. 
	649
	623
	3
	2
	CCC Bending

	85. 
	636
	611
	5
	5
	CCC Bending

	86. 
	633
	609
	6
	1
	CCC Bending

	87. 
	628
	603
	2
	20
	CCC Bending

	88. 
	612
	588
	2
	9
	CCC Bending

	89. 
	557
	535
	9
	4
	OCCC Out of Torsion

	90. 
	532
	511
	2
	5
	CCCC Torsion

	91. 
	515
	495
	2
	5
	CCCC out of Torsion

	92. 
	476
	457
	4
	7
	CCC Bending

	93. 
	440
	423
	3
	8
	CCC Bending

	94. 
	431
	414
	10
	1
	CCCC Torsion

	95. 
	430
	413
	5
	0
	CCCC Torsion

	96. 
	425
	408
	6
	1
	CCCC Torsion

	97. 
	416
	400
	2
	8
	OCC Bending

	98. 
	404
	389
	2
	24
	HNCC Torsion

	99. 
	390
	375
	6
	18
	HNCC Torsion

	100. 
	334
	321
	2
	1
	CCC Bending

	101. 
	314
	301
	7
	3
	CCCC Torsion

	102. 
	261
	251
	3
	1
	CCCC Torsion

	103. 
	257
	247
	3
	3
	CCC Bending

	104. 
	225
	216
	4
	0
	CCC Bending

	105. 
	219
	210
	8
	1
	CC Stretching

	106. 
	174
	167
	9
	4
	CCC Bending

	107. 
	158
	151
	1
	3
	CCCC Torsion

	108. 
	123
	118
	1
	0
	CCCC Torsion

	109. 
	103
	99
	27
	0
	CCCC Torsion

	110. 
	93
	90
	2
	0
	CCCN Torsion

	111. 
	75
	72
	4
	0
	CCCC Torsion

	112. 
	64
	62
	6
	0
	CCN Bending

	113. 
	58
	56
	6
	0
	CCC Bending

	114. 
	47
	45
	2
	0
	CCNC Torsion
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