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Fig. S1 Optimized geometries of the studied compounds
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Fig. S2 Side view of four compounds
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Fig. S3: Bond index of 20 compounds along the molecular backbone
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Fig. S4 Frontier molecular orbital plot of NDI-compounds
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3d (NDI-(CH2)3-C2F5) 3e (NDI-(CH2)4-C2F5) 4a (NDI-C3F7)
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Fig. S5 Density of states of NDI-compounds



226 326 426 526

0.0

5.0x103

1.0x104

1.5x104

2.0x104

 

 

O
sc

ill
at

or
 s

tre
ng

th
 

Wavelength (nm)

 2b
 2c
 2d
 2e
 3b
 3c
 3d
 3e
 4b
 4c
 4d
 4e
 5b
 5c
 5d
 5e

Fig. S6 Simulated absorption spectra of NDI-compounds at B3LYP/6-31+G(d,p) level in dicholoromethane solvent
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Fig. S7 Localized orbital locator surface along with the LOLIPOP value for the studied compounds

Table S1 Bond index of the studied compounds along with the earlier reported crystal structure of six compounds with their 
references
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Bond index 1a
1 1.471a (1.475)1

2 1.405a (1.388)1

3 1.489a (1.483)1

4 1.417a (1.406)1

5 1.387a (1.375)1

6 1.422a (1.415)1

7 1.409a (1.398)1



8 1.224a (1.213)1

    

a : obtained at B3LYP/6-31+G(d,p) level of theory

 

Bond index 1b
1 1.481a (1.477)2 (1.474)3

2 1.404a (1.394)2 (1.387)3

3 1.488a (1.476)2 (1.473)3

4 1.416a (1.410)2 (1.397)3

5 1.387a (1.375)2 (1.373)3

6 1.422a (1.405)2 (1.404)3

7 1.409a (1.401)2 (1.396)3

8 1.224a (1.215)2 (1.210)3

  

a : obtained at B3LYP/6-31+G(d,p) level of theory

Bond index 1c 
1 1.479a (1.479)4 (1.479)1

2 1.404a (1.397)4 (1.398)1

3 1.488a (1.487)4 (1.486)1

4 1.416a (1.417)4 (1.411)1

5 1.387a (1.377)4 (1.376)1

6 1.422a (1.413)4 (1.413)1

7 1.409a (1.402)4 (1.404)1

8 1.224a (1.216)4 (1.211)1

a : obtained at B3LYP/6-31+G(d,p) level of theory

Bond index 1d

1 1.479a (1.486)5

2 1.404a (1.401)5

3 1.488a (1.481)5

4 1.416a (1.411)5

5 1.387a (1.381)5

6 1.423a (1.415)5

7 1.409a (1.402)5

8 1.224a (1.217)5

a : obtained at B3LYP/6-31+G(d,p) level of theory



Bond index 4b

1 1.463a (1.468)6 (1.460)7

2 1.413a (1.398)6 (1.394)7

3 1.486a (1.477)6 (1.486)7

4 1.417a (1.390)6 (1.418)7

5 1.387a (1.380)6 (1.369)7

6 1.423a (1.434)6 (1.414)7

7 1.409a (1.402)6 (1.400)7

8 1.220a (1.213)6 (1.221)7

a: obtained at B3LYP/6-31+G(d,p) level of theory

Table S2 Dihedrel angle of the studied compounds along with the earlier reported crystal structure of 6 compounds

a: obtained at B3LYP/6-31+G(d,p) level of theory

Dihedrel angle 1a (in °)
D1 -179.9a  (-176.6)1

D2 -179.9a (-175.3)1

D3 -179.9a (-179.2)1

D4 -179.9a (179.4)1

D5 -179.9a (-178.9)1

D6 -180.0a (-177.9)1



Dihedrel angle 1b (in °)
D1 179.1a (177.2)2 (176.9)3

D2 179.3a (177.0)2(177.1)3

D3 179.4a (177.3)2 (177.1)3

D4   178.2a (-177.5)2 (-177.5)3

D5 179.9a (178.9)2 (178.9)3

D6 179.9a (177.7)2 (178.0)3

a: obtained at B3LYP/6-31+G(d,p) level of theory

Dihedrel angle 1c (in °)
D1 179.1a (179.2)1

D2  179.4a (-179.5)1

D3 179.3a (179.3)1

D4 178.3a (178.2)1

D5  179.9a (-179.8)1

D6  179.9a (-179.4)1

a : obtained at B3LYP/6-31+G(d,p) level of theory

Dihedrel angle 1d (in °)
D1  179.2a (-177.4)5

D2  179.3a (-175.4)5

D3 179.5a (177.1)5

D4  178.4a (-179.4)5

D5  179.9a (-179.4)5

D6  179.9a (-179.3)5

a : obtained at B3LYP/6-31+G(d,p) level of theory

Dihedrel angle 4b (in °)
D1 175.7a (173.7)6 (-174.4)7

D2 175.8a (175.3)6 (-172.4)7

D3 178.4a (174.4)6 (178.6)7

D4 170.9a (171.2)6 (-173.4)7

D5 179.9a (179.4)6 (-178.6)7

D6 179.6a (178.6)6 (-178.0)7

a : obtained at B3LYP/6-31+G(d,p) level of theory



Table S3 HOMO, LUMO and band gap values in eV for all the studied compounds at B3LYP/6-31+G(d,p) level

Compound HOMO LUMO Band gap

1a -7.35 -3.78 3.57

1b -7.30 -3.74 3.56

1c -7.29 -3.73 3.56

1d -7.28 -3.72 3.56

2a -7.92 -4.31 3.61

2b -7.71 -4.14 3.57

2c -7.69 -4.13 3.56

2d -7.56 -4.00 3.56

2e -7.52 -3.96 3.56

3a -7.92 -4.33 3.59

3b -7.72 -4.15 3.57

3c -7.71 -4.15 3.56

3d -7.57 -4.01 3.56

3e -7.53 -3.97 3.56

4a -7.93 -4.34 3.59

4b -7.73 (-6.84)8 -4.16 (-3.72)8 3.57 (3.12)8 

4c -7.71 -4.15 3.56

4d -7.58 -4.02 3.56

4e -7.53 -3.98 3.56

5a -7.94 -4.34 3.59

5b -7.74 -4.16 3.57

5c -7.72 -4.16 3.56

5d -7.58 -4.03 3.56

5e -7.54 -3.98 3.56



Table S4 Computed electronic transition energy (E), absorption wavelength (λ), oscillator strength (f) and transition and major 
composition for dominant excitations in dichloromethane solvent b3lyp/6-31+G(d,p) level

Compound State E (eV) λ (nm) f Major Configuration

2b S1 3.2197 385 0.4107 HOMO->LUMO (98%)

S15 5.3065 234 0.4167 HOMO->L+3 (83%)

2c S1 3.2115 386 0.4294 HOMO->LUMO (99%)

S14 5.2814 235 0.3775 HOMO->L+3 (82%)

2d S1 3.2105 386 0.4363 HOMO->LUMO (99%)

S14 5.2675 235 0.353 HOMO->L+2 (81%)

2e S1 3.2108 386 0.4409 HOMO->LUMO (99%)

S15 5.2582 236 0.3371 HOMO->L+2 (80%)

 3b S1 3.2197 385 0.4221 HOMO->LUMO (98%)

S15 5.3053 234 0.4081 HOMO->L+3 (83%)

3c S1 3.2110 386 0.437 HOMO->LUMO (99%)

S14 5.2815 235 0.3726 HOMO->L+3 (82%)

3d S1 3.2101 386 0.4423 HOMO->LUMO (99%)

S14 5.2677 235 0.3516 HOMO->L+2 (81%)

3e S1 3.2104 386 0.4456 HOMO->LUMO (99%)

S14 5.2584 236 0.3358 HOMO->L+2 (80%)

4b S1 3.2194 385 0.4295 HOMO->LUMO (98%)

S15 5.3046 234 0.402 HOMO->L+3 (83%)

4c S1 3.2106 386 0.4433 HOMO->LUMO (99%)

S14 5.2814 235 0.3705 HOMO->L+3 (82%)

4d S1 3.2101 386 0.4472 HOMO->LUMO (99%)

S14 5.2676 235 0.3508 HOMO->L+2 (81%)

4e S1 3.2103 386 0.4478 HOMO->LUMO (99%)

S15 5.2579 236 0.3161 HOMO->L+2 (76%)



5b S1 3.2189 385 0.4353 HOMO->LUMO (98%)

S15 5.3039 234 0.3982 HOMO->L+3 (83%)

5c S1 3.2104 386 0.4472 HOMO->LUMO (99%)

S15 5.2811 235 0.3673 HOMO->L+3 (81%)

5d S1 3.2096 386 0.4497 HOMO->LUMO (99%)

S14 5.2674 235 0.3481 HOMO->L+2 (81%)

5e S1 3.2099 386 0.45 HOMO->LUMO (99%)

S15 5.2573 236 0.3102 HOMO->L+2 (75%)

Table S5 Computed electronic transition energy (E), absorption wavelength (λ), oscillator strength (f) and transition and major 

composition for dominant excitations in dichloromethane solvent at cam-b3lyp/6-31+G(d,p) level

Compound State E (eV) λ (nm) f Major Configuration

1a (NDI-CH3) S1 3.5491 349 0.4877 HOMO->LUMO (98%)

S12 5.6673 219 0.8051 HOMO->L+2 (79%)

1b (NDI-C2H5) S1 3.5437 350 0.5063 HOMO->LUMO (98%)

S12 5.6577 219 0.7772 HOMO->L+2 (79%)

1c (NDI- C3H7) S1 3.5423 350 0.5227 HOMO->LUMO (98%)

S12 5.6528 219 0.7535 HOMO->L+2 (79%)

S19 6.4413 192 0.3441 H-2->L+1 (39%)

1d (NDI-C4H9) S1 3.5422 350 0.5297 HOMO->LUMO (98%)

S12 5.6517 219 0.7424 HOMO->L+2 (80%)

S19 6.4400 193 0.3762 H-2->L+1 (39%)

2a (NDI-CF3) S1 3.5947 345 0.477 HOMO->LUMO (98%)

S12 5.8073 213 0.9293 HOMO->L+2 (46%)

2b (NDI-CH2-CF3) S1 3.5547 349 0.507 HOMO->LUMO (98%)

S12 5.7013 217 0.832 HOMO->L+2 (76%)

2c (NDI-(CH2)2-CF3) S1 3.5431 350 0.5240 HOMO->LUMO (98%)

S12 5.6790 218 0.7959 HOMO->L+2 (78%)

2d (NDI-(CH2)3-CF3) S1 3.5413 350 0.5308 HOMO->LUMO (98%)

S12 5.6659 219 0.7678 HOMO->L+2 (79%)

2e (NDI-(CH2)4-CF3) S1 3.5417 350 0.5359 HOMO->LUMO (98%)

S12 5.6581 219 0.7515 HOMO->L+2 (79%)

S19 6.4511 192 0.3067 H-2->L+1 (36%)



3a (NDI-C2F5) S1 3.5746 347 0.4994 HOMO->LUMO (98%)

S12 5.7767 215 0.9017 HOMO->L+2 (54%)

3b (NDI-CH2-C2F5) S1 3.5552 349 0.5215 HOMO->LUMO (98%)

S12 5.6996 218 0.8148 HOMO->L+2 (76%)

3c (NDI-(CH2)2-C2F5) S1 3.5428 350 0.533 HOMO->LUMO (98%)

S12 5.6790 218 0.7857 HOMO->L+2 (78%)

3d (NDI-(CH2)3-C2F5) S1 3.5410 350 0.5378 HOMO->LUMO (98%)

S12 5.6660 219 0.7639 HOMO->L+2 (79%)

3e (NDI-(CH2)4-C2F5) S1 3.5413 350 0.5416 HOMO->LUMO (98%)

S12 5.6582 219 0.7487 HOMO->L+2 (79%)

S19 6.4511 192 0.3174 H-2->L+1 (36%)

4a (NDI-C3F7) S1 3.5766 347 0.5154 HOMO->LUMO (98%)

S12 5.7766 215 0.8832 HOMO->L+2 (54%)

4b (NDI-CH2-C3F7) S1 3.5548 349 0.5297 HOMO->LUMO (98%)

S12 5.6986 218 0.8045 HOMO->L+2 (76%)

4c (NDI-(CH2)2-C3F7) S1 3.5423 350 0.5402 HOMO->LUMO (98%)

S12 5.6788 218 0.7804 HOMO->L+2 (78%)

4d (NDI-(CH2)3-C3F7) S1 3.5410 350 0.5436 HOMO->LUMO (98%)

S12 5.6661 219 0.7602 HOMO->L+2 (79%)

4e (NDI-(CH2)4-C3F7) S1 3.5411 350 0.544 HOMO->LUMO (98%)

S12 5.6578 219 0.7461 HOMO->L+2 (79%)

S19 6.4485 192 0.3321 H-2->L+1 (37%)

5a (NDI-C4F9) S1 3.5763 347 0.5257 HOMO->LUMO (98%)

S12 5.7747 215 0.8722 HOMO->L+2 (54%)

5b (NDI-CH2-C4F9) S1 3.5542 349 0.5363 HOMO->LUMO (98%)

S12 5.6981 218 0.7989 HOMO->L+2 (76%)

5c (NDI-(CH2)2-C4F9) S1 3.5421 350 0.5449 HOMO->LUMO (98%)

S12 5.6785 218 0.7771 HOMO->L+2 (78%)

5d (NDI-(CH2)3-C4F9) S1 3.5405 350 0.546 HOMO->LUMO (98%)

S12 5.6658 219 0.757 HOMO->L+2 (79%)

5e (NDI-(CH2)4-C4F9) S1 3.5407 350 0.5463 HOMO->LUMO (98%)

S12 5.6577 219 0.7432 HOMO->L+2 (79%)

S19 6.4472 192 0.3406 H-2->L+1 (37%)
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Figure. S8 Some naphthalene tetracarboxylic diimide (NDI) compounds reported earlier

Table S6 Mobility and LUMO energy level of NDI compounds in air reported earlier

Compound Mobility in air (cm2/Vs) LUMO energy (eV) Reference

1 No mobility 9

2 0.12 9

3 0.01   10

4 No mobility 10

5 0.01  10

6 10-6   10

7 No mobility 11

8 0.1   11

9 1.2x10-3 12

10 1.2x10-3 12

11 0.26±0.02 -3.72 13

12 0.029 -3.77 14

13 0.32 -3.64 15

14 0.38 -3.71 15

15 0.15 -3.64 15



The side chain engineering of rylene diimides (naphthalene diimide, NDI and perylene diimide, PDI) with fluoro groups can 
significantly increase the stability of the compound as self-segregation of fluoro groups occur followed by a densely packed 
structure. The movement of oxygen and moisture can be hindered through this densely packed structure15,16. Byung Jun Jung et 
al reported a series of naphthalene tetracarboxylic diimide based compounds with increasing fluoro groups in the side chain17 as 
shown on the following Figure S9.
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Fig. S9 A series of naphthalene tetracarboxylic diimide (NDI) compounds with increasing fluoro groups

In their work, the highest mobility observed for compound 19 is as high as 0.064±0.017 cm2/Vs among the reported four 
compounds (16, 17, 18, 19) due to the effect of larger number of fluoro groups. Brooks A. Jones et al have reported the air stability 
of NDI compound with fluoroalkyl side chain engineering as shown on the following Figure S10 with electron mobility of 0.1 
cm2/Vs18 in air.  Its N-alkyl derivative has no mobility due to its less densely packed structure and instability in air.

N

N

O O

O O

CH2

H2C

F2C
CF2

F3C

CF2
F2C

CF3

Fig. S10 NDI compound with fluoroalkyl side chain
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